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Foreword

Over 15 years ago I wrote in my preface to Information Systems Planning: “The
world is becoming an interlaced network of computerized corporations. As elec-
tronic data interchange among corporations grows with intercorporate networks,
so the windows of opportunity become shorter. In such a world the corporation in
which data processing is a mess, with spaghetti code, uncoordinated data, and long
application backlogs, will not be able to compete. The techniques of information
engineering are vital to a competitive corporation.”

The passage of time has not only proven this to be painfully true, but has also
shown that this was more than a prophecy—it has become the driving force in the
global knowledge economy as intercorporate networks gave way to the World
Wide Web and the global economy flourished on global ideation, information,
global communication, and extended enterprises that consisted of supply chains
that girded our planet.

In order to create an integrated archipelago of knowledge-based assets in such
an environment, one needs to develop new paradigms that can help us transcend
borders of various kinds, thereby addressing the individual needs of an increasingly
diverse set of users of such systems. By providing effective on-off ramps to the
emerging information highways, one can establish very sophisticated knowledge
infrastructure that mitigates the problems of departmental, organizational, and
national boundaries. A number of new paradigms to help achieve this goal are
delineated in this insightful book by Amit Mitra and Amar Gupta.

When we switch “on” a light today, we expect the room to light up immedi-
ately. We do not think about where the electricity was generated or how it was dis-
tributed from there to our office. We hope that, in the years to come, we will be able
to obtain similar instantaneous results to questions that we pose, irrespective of
their scope and complexity. We expect such insights will be provided without our
having to bother about which organizations are involved or how the underlying
computation or communication processes will be performed. In our quest to attain
such a tomorrow, I believe the ideas proposed in this new book are extremely rele-
vant and timely.

James Martin
Chairman Emeritus, Headstrong Corporation

Bermuda
September 2005

xi



Preface

This book is part of a series. The series addresses automated support for business
process resilience and information systems agility. A companion book, Creating
Agile Business Systems with Reusable Knowledge, published by Cambridge Univer-
sity Press, addresses the generic structure of knowledge and how it is configured
from shared components. This book addresses how business knowledge is config-
ured from shared components. You do not need to read the companion book to
understand this one, but the structures and patterns in this book emerge as
polymorphisms of those in its companion. The two books collectively cover the
components from which business knowledge is configured. Practice does not always
require perfection: The patterns in this book will suffice to accelerate and automate
the design of resilient business processes and information models, which will sup-
port agile business practices and information systems; the patterns in the other book
will sharpen and perfect these templates to make them even more resilient.

Resilience and agility have become critical for the long-term success of business.
However, most business process engineering and requirements analysis methodolo-
gies discount innovation and agility; they address only operational efficiency and
economics. The global economy is rapidly moving from the industrial era to the
knowledge economy. As the industrial economy gives way to the global knowledge
economy, innovation and automated coordination of business knowledge are
beginning to have a profound impact on the way business is being done. The forces
being unleashed will have a deep and fundamental impact on almost all aspects of
human enterprise. Competition is not only between individual enterprises, but
today it is also between supply chains that gird the globe. It will be a tumultuous,
frenetic, and chimerical century in search of customer value, driven by innovation,
research, and the need for global excellence.

Both books in the series address this need: flexibility of business processes and
the absorption of new learning through specially crafted components of normalized
knowledge. The intent is to automatically align information systems with the busi-
ness process, by showing how systems may be reduced to automated expressions of
business processes. Together, the two books develop a paradigm for automated
support of innovation of new products and processes. The books do this by describ-
ing how information systems can automatically adapt to change by reusing and
reconfiguring components of shared knowledge. (See Figure P.1. This book has
been called Book 2 in Figure P.1. The companion book has been called Book 1 in
Figure P.1.)
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These books describe component technology, but are different from most
approaches to the topic. The components in these books are not traditional I/T com-
ponents. Rather, they are shared components of knowledge from which patterns of
business knowledge are assembled. Business processes and supporting information
systems configured from these components will be extremely flexible, configurable,
and coordinated. They will help information architects and business process design-
ers develop agile processes and resilient systems.

The books lay the foundation of a new computing paradigm—a paradigm in
which computers manipulate meanings, not program code or blind symbols. Com-
puters of the future, built on the principles described in the book, will operate on the
plane of meanings—a little like we do.

The fundamental premise of both books is that meanings are patterns of infor-
mation. Creating Agile Business Systems with Reusable Knowledge demonstrates
how this happens. It also shows how it is possible to create new patterns of informa-
tion from old patterns, by adding information to them. For instance, adding infor-
mation to the meaning of “Person” might turn that person into “Parent.” Thus,
meanings can be built brick by brick by combining patterns of information. It is also
possible to automate this process. Thus, it is possible to treat components of knowl-
edge as patterns of information, and then automatically configure business pro-
cesses and supporting information systems from these components. This book
builds on this concept, described in detail in Creating Agile Business Systems with
Reusable Knowledge. It applies the theory and uses the abstractions described in its
companion book to build patterns of shared business knowledge.

Knowledge rarely stands still. New learning continually calls for new patterns,
new meanings, shifting scopes, altered contexts, and new ways of doing things. In
other words, processes, models, and systems must continually change and adapt.
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Change can be chaotic. For this reason, it is rarely automated, and is usually time
consuming, risky, and labor intensive. The two books taken together show how
automation might facilitate change in step with new information.

To minimize the chaotic effects of change and to automatically propagate
impacts to the right places in a business model, components of knowledge must be
defined in a special way. The companion book shows how automation may then
assemble new knowledge, assisted by the right components, brick by brick, by add-
ing information to build new patterns from old patterns. Processes and information
systems built in this manner will automatically absorb and adapt to new knowledge
and expanded scopes. The impact of change will be minimized, and information
systems, assisted by the right automation, will automatically wrap themselves
around the new rules. This can be a critical advantage in an intensely competitive
business environment, where competitive advantage depends on bringing new ideas
to market quickly.

The key to designing components that will minimize the impact of change is to
normalize information in special patterns. These normalized patterns will be com-
ponents of business knowledge that may be configured in special ways to create
additional knowledge. Thus, the business meanings in this book may be held in spe-
cific components, and the information will not be replicated in diverse uncontrolled
forms and formats. The impact of change will then be contained and automatically
driven to the right places when components are reconfigured. Together, the two
books provide the complete paradigm for normalizing shared business knowledge.

Patterns of business knowledge are built from simple, very basic commonsense
facts that cross multiple scopes. In order to normalize information, the information
payload of the most basic components of common knowledge must necessarily be
small and elementary. The most basic components are thus abstract. These abstrac-
tions are the focus of Creating Agile Business Systems with Reusable Knowledge.
That book also elaborates on rules for assembling components to create new, flexi-
ble components and subassemblies. Naturally, these rules also will be components
subject to the same laws. Thus, Creating Agile Business Systems with Reusable
Knowledge is the theoretical basis for this book.

This book has richer, more concrete patterns that carry business meanings.
These patterns are derived from the basic components described in its companion
book by adding new layers of information. It is a little like the reverse of peeling an
onion. If we are blind to the patterns in the companion book, then information will
not be perfectly normalized. The core of the onion will not be addressed, and the
impact of change will not be completely contained.

However, practitioners do not always have to aim for perfection to make an
impact. Even if the abstract patterns of the companion book are not recognized, the
patterns in this book can help jump start systems integration, business intelligence,
and information architecture, helping reduce time to market. On the other hand,
advanced readers and those who would like to either automate or perfect the
process should also read the companion book. Without the theory in it, fully auto-
mating the alignment between business process and information systems will not be
possible. Knowledge will not be normalized with requisite precision, and chaotic
impacts of change will not be precisely controllable. More human intervention,
judgment, intuition, and manual intervention will be required. This is certainly
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viable. Subjectivity and chaotic impacts still will be far less than if one started with a
blank slate. The use of prefabricated models will still compress time to market, but
to a lesser extent than if the process was fully supported and automated with the
abstract, core patterns in the companion book. Thus, this book can be valuable to
practitioners who have not read the companion book, but the companion book will
help them polish and perfect their components further.

Similarly, designers of automated tools who read the companion book will have
the option of using this book to enhance their tools with the prefabricated patterns
here. These patterns are commonly used subassemblies of the core components
described in the companion book, pertinent to the universe of business: they can
provide prefabricated templates to designers of process models, data models, and
object models. This is how the two books enhance each other.

In these books, you will find the framework that serves as the direct bridge
between business process engineering and systems engineering—a proven frame-
work that works for every industry and business application, from telecommunica-
tions to insurance, from financial services to manufacturing, and beyond.

In the following chapters, we will show not only how this framework works in
practice, but also how it actually anticipates key requirements even before users
articulate them.

Where will it eventually lead? In the short term, it can make your business more
agile. It will provide reusable models, processes, and business knowledge compo-
nents to compress your time to market new or improved products, services, and
processes. It will also show you how you can compress systems development and
integration times. However, it is the vision at the end of this journey that is the most
fascinating of all. The concepts in this series can provide the foundation of disci-
plines that will make business systems truly maintenance free—systems based on
software that will automatically adapt to change and chaos. These systems will be
supported by automated intelligent agents that will, someday, maintain software
and respond to environmental change at the speed of thought, a vision we will share
with you at the end of this book.

As practitioners, managers, and teachers in the field of information systems, we
often talk of change control. Change plays havoc with our plans and products.
However, the wealth in the knowledge economy will flow from global excellence,
thriving on change and innovation. The only justification for technology will and
must be change facilitation, not change control. Are we ready? Read on!

“Wouldst thou,”—so the helmsman answered,
“Learn the secret of the sea?
Only those who brave its dangers
Comprehend its mystery!”

—Henry Wadsworth Longfellow, The Galley of Count Arnaldos
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Prologue

What Is This Book About, and Who Should Read It?

This book is about facilitating change with component technology, but is different
from most approaches to the topic. The components in the book are not traditional
IT components. Rather, they are shared meanings from which patterns of business
knowledge are assembled.

Business meanings, patterns, and rules are the substance of a business process.
Without the business layer, technological standards have little meaning. This book
establishes a framework for the transfer and reuse of business knowledge in differ-
ent contexts. This is why we urge architects interested in Service-Oriented Architec-
ture and Business Process Management to read this book.

Computer technology is key to the automation of business processes. It is a cen-
tral theme and an underlying assumption in this book. Computer programming and
technical architecture are tangential to the discussion in this book. However, we
urge software architects and technologists to read this book, because the principles
and patterns in this book complement the work that has been already been done in
developing technology and interfacing standards for information systems. The pur-
pose of this book is not to propose yet another technical standard. The purpose is to
describe business intelligence, in component form, which current technical stan-
dards must support and be joined to. It is the next step.

What Will the Information Be Used For?

The patterns in this book will address the following business problems:

1. Agility and adaptability of business processes and systems: Facilitate
designing of agile business processes and flexible systems based on the
reusable patterns of information in this book. This will help automate the
alignment between business processes and information systems, speed
development of systems to support new products and distribution
channels, and accelerate process and systems integration when businesses
integrate either horizontally or vertically, or reinvent themselves in their
product markets.
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2. Integration and coordination of information: Coordinate integration of
information and processes across supply chains, enterprises, and
databases. Accelerate the design of Service-Oriented Architecture.

3. Reduce the time to market new concepts: Accelerate formulation of
functional requirements and process models based on the prefabricated
reusable patterns in this book.

4. Compress the time to develop prototypes: Develop patterns that can be
the basis for early prototypes when iterative prototyping methodologies
are used for developing or integrating information systems or business
processes.

Ultimately this book is about change. It describes a technology for automating
change and the best practices for facilitating it—all in support of the innovation and
adaptation necessary for corporations to remain competitive in the diverse and
tumultuous business universe of today.

Technology’s Broken Promise

Why is change so difficult? That is a question with an easy answer. Each impact has
several subsequent impacts, which ricochet through our processes and systems until
we are caught in an explosive cascade of change. Business sponsors requesting the
change are then faced with a painful choice—either to make the changes at a cost,
time, and risk that might be excessive; or to abandon the competitive benefits of
innovation because the risk is too high or the change too late.

A recent example was the Y2K problem. It seemed trivial to the layman, but
computer technology was such that it may have cost industry as much as $600 bil-
lion1 and a significant part of the world’s resource pool of professionals to merely
express the year in four instead of in two digits.2 Many strategic benefits have been
difficult to implement for similar reasons. Denial of strategic benefits to consumer
and provider alike are so frequent that examples litter the industrial landscape in
almost every direction:

• Straight Through Processing and “T+0” settlement in the Financial Securities
Industry (i.e., the ability to settle a trade immediately with almost no manual
processing);

• Real-time billing for telephone subscribers and personal telephone numbers in
the telecommunications industry (i.e., a unique contact phone number that
automatically follows an individual regardless of location or geography);

• Timely and reliable order fulfillment and innovative customer service for
manufacturers and retailers;

• Risk assessment when providing insurance coverage to complex global clients
in the insurance industry.

xx Prologue

1. Sources: Gartner Group & Congressional Research Service estimates quoted by Steve C. Yuen, Ph.D., University of Southern Missis-
sippi, and Jo Ann Mitchell, Jones Junior College, at http://dragon.ep.usm.edu/~yuen/present/meca99a/tsld018.htm.

2. For example, 1/1/2001 instead of 1/1/01. Computer calculations involving dates beyond 1999 had a very high risk of error if the year
was not expressed in four digits.



This is only a small slice of such wish lists—strategic innovations and improve-
ments in almost every industry that are deemed too risky or impossible, because
changing supporting processes and information systems is deemed too complex.

Despite inventing new technology at a prodigious rate to make change easy
(e.g., CASE tools, code generators, structured programming, relational databases,
expert systems, object technology, reusable components, and other technological
innovations), systems still cannot change fast enough. Why are information systems
a bottleneck? Can process reengineering, business innovation, and time to market
be accelerated? Why have these technologies not fulfilled their full potential?

The principal reason is that we have not found a way of representing business
rules and knowledge in a single place and in such a way that we can change a rule
once, and reflect the change wherever it impacts business processes and supporting
automation. The rules of business are repeated in different forms and formats, in
multiple, tangled ways in several systems at several places. This has been the central
problem.

It was not solved in the 1950s, when we replaced the tangled code of machine
language with assembly languages, or in the 1960s, when we replaced the spaghetti
code of assembly languages with that of third generation languages, such as
COBOL and FORTRAN. It was not solved in the 1970s and 1980s, with the intro-
duction of relational databases, expert systems, and CASE tools, nor in the 1990s,
when tangled object inheritance became so much of a problem that many advocated
making multiple inheritance illegal in tools of the day. More automation merely
tangled business rules further.

For this reason, the authors asked a different question when starting this
research in 1992. What information do we need to model the stimulus response
behavior of business processes and the organizations they support in the real world?
Further, what is the natural real-world structure of information that can represent
business knowledge in fully normalized,3 and hence reusable, form across the uni-
verse of diverse global business environments?4

Why would this approach work when so many others have failed? It works
because it untangles business rules. It untangles business rules even if they were tan-
gled in legacy models and systems. Thus, it allows us to represent business knowl-
edge once in a repository of knowledge, from where it can naturally manifest itself
in different business contexts. Changes made at the right place will automatically
impact business systems where they should. It is no surprise that many businessmen
and professionals have intuitively felt that business knowledge acquired in one
context might often be reused in another. This intuition is a fundamental truth that
flows from the natural structure of business knowledge in the real world. We
must explicitly recognize this structure, and express it with precision to use it
effectively.

Technology’s Broken Promise xxi

3. “Normalized” means represented uniquely in a single place once.
4. As the state of the art has matured, it is heartening to see similar patterns being discussed in several areas. See the various papers and

reusability projects in the References at the end of the book (especially items Demand and Supply Chains and Standards [4], Knowledge
Reuse Projects [116], and the on-line hierarchy browser in [42]). The patterns in this book and the metamodel behind them have cer-
tainly withstood the test of time. They support the confluence of these diverse initiatives, despite the passage of the many years since
1992.



Component Reuse—The Genesis

The concept of using reusable components to compress application development
time is almost as old as the software industry. Components have evolved from con-
cepts such as copy libraries, common subroutines, or general purpose applications
packages, in the early days of batch computing, into reusable GUI, network and
data services objects, based on standards such as CORBA and COM, which support
distributed, interactive Web and client-server computing.

For historical reasons, software component engineering first focused on the
back end of the process engineering value chain. Its first concern was program code
and interfaces for communicating data in terms of streams of bits and bytes. The
economic impact, however, is usually far larger at the front end of the reengineering
value chain—on reusing business knowledge to configure and to innovate business
processes, services, and products. Thus, it is not surprising that business had only
very limited interest and no involvement in the kind of components that software
engineers were interested in. Consequently, the business community’s support for
the software community’s component technology was lukewarm at best. The focus
has shifted in step with evolving technology. Now the time is ripe to look at the
reuse of knowledge. This territory, long neglected by the software community, is
and always has been where the major benefits to business are found. Let us analyze
these imperatives.

As business has progressively become reliant on automation, the line between
technology and the corporation’s key business operations has started to blur. Indus-
try has begun to recognize that the biggest benefit to business will flow from reusing
business intelligence embedded in software. Consequently, the software industry
has been striving to craft software components to reuse this embedded business
intelligence across the supply chain. The intent is to speed business processes, make
corporations agile, and to position the business at a competitive advantage.

However, this kind of reuse has remained elusive in spite of over 20 years of
industry effort. The reason why the promise was not fulfilled was that industry was
not ready to leverage the technology. Processes had not matured, technology was
still groping for the right answers, software developers were loath to frontload anal-
ysis effort on software projects, and most of all, business sponsorship was weak,
since software architecture was not as critical to successful business as it is today.

E- (and M-) commerce has forced cross-enterprise transparency into business
processes and driven the need for standards. The market is now ripe for a product
offering of software components that will encapsulate and reuse business knowl-
edge to build software designed to facilitate business innovation, speed, and agil-
ity—software that must be developed in compressed timeframes.

Scope of This Book

This book focuses on normalizing,5 encapsulating, and reusing business knowledge
across multiple industries and business functions. Business knowledge is technol-
ogy-independent. This knowledge may be embedded in processes that are supported

xxii Prologue

5. See the note on normalization.



by diverse technologies, and may be automated or manual. Often in large organiza-
tions, the same business rules will be expressed in different systems and procedures,
on different technology platforms, and in different countries or organizational
units. The choice of the technology often depends on the organization’s legacy, its
local environment, and its infrastructure. Although business knowledge is inde-
pendent of the technology that implements it, if an organization wants to reuse busi-
ness knowledge explicitly, it must store this knowledge in an electronic repository.
Thus, business knowledge in such a repository is an item of information that is
expressed in some physical format and medium, and is an electronic artifact. For
this reason, we have called these components of knowledge Business Knowledge
Artifacts in this book.

Business Knowledge Artifacts complement, but are different from, traditional
software components. The companion book shows how Business Knowledge Arti-
facts relate to software components. A detailed description of the technology
wrapped around this core of business knowledge—software, hardware, presenta-
tion, and networking issues—is beyond the scope of this book.

Because this book focuses on the rules of business, Business Knowledge Artifacts
have often been abbreviated to Knowledge Artifacts in the material that follows.
Knowledge Artifacts encapsulate bits of formal business intelligence—meanings that
can be stored as reusable components in a repository of business knowledge.

Foundation of Knowledge Reuse: The Three Pillars

Business knowledge is not about files, data flows, formats, screens, or computers.
Rather, it is about processes, practices, norms, products, policies, regulations, infra-
structure, and people, which are constrained by the physical, regulatory, and ethical
contexts in which they function. To recast this knowledge in the form of normalized6

and reusable capsules of information that can be assembled into configurations of
knowledge and innovative ideas, we must first know how knowledge can be normal-
ized. We must also know which parts are reusable, and how to organize people and
business practices to leverage these reusable knowledge components. These are the
three pillars on which Business Knowledge components must stand. See Figure P.1.

The First Pillar: Metamodel of Business Knowledge

Knowledge only can be reused if it is extracted and stored as a single piece of
information in the Knowledge Repository. This information can then be used in as
many different contexts as necessary, whenever and wherever it is needed. Addi-
tionally, in order to track its impact, we must know the relationship that this piece
of information has with other similar bits of knowledge in our repository of busi-
ness knowledge.

For example, if the exchange rate between the U.S. dollar and British pound
changes, it could impact several valuations, such as invoice amounts, credit limits,
checks, payment amounts, cash on hand, fixed assets overseas, and so on. In other
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more detail.



words, we must know the structure of information in the real world—that there are
interrelated entities, such as processes, resources, work products, units of measure,
and so on.

This information about information is called a metamodel. The metamodel will
provide the scheme for storing business knowledge in a nonoverlapping and
nonredundant way. The abstract objects in the metamodel (e.g., process, resource,
and unit of measure), and their interrelationships, are containers of nonredundant
(normalized) Business Knowledge. Individual Business Knowledge Artifacts would
be classified and stored in these buckets provided in the Knowledge Repository.

Specific Knowledge Artifacts can then be extracted from these containers, and
assembled into complex business processes and bodies of knowledge around which
information systems can be built. The metamodel is the schema of the Knowledge
Repository. It is the first pillar on which knowledge reuse stands. Without it, there
can be no knowledge components.

The companion book of this series develops the metamodel of business knowl-
edge. Although the metamodel of knowledge is beyond the scope of this book, it lies
behind every pattern and ontology of meaning here. They are its polymorphisms.

The Second Pillar: Business Patterns

How many business rules does an enterprise need in order to do business? We know
that only a small fraction of business knowledge is explicitly recorded and recog-
nized by most operating businesses. Most business knowledge is implicit. Some are
common sense rules that seem foolish to explicitly publish, such as “accept payment
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Box 1: Example of the Process Engineering Value Chain

The value chain is derived from Mowbray, T. J., and R. C. Malveau, CORBA Design Patterns, New York: John Wiley &
Sons, 1997.

“…The supply chain for IT solutions represents the process of technology initiatives, application develop-
ment, implementation and business use. For example, the supply chain for an ERP system may comprise technol-
ogy platform selection, systems specifications, systems development, packaging and documentation,
implementation, and use in the end user business. The concept of the demand chain, which transfers demand
from end users to technology suppliers, is less familiar. To give one example, the demand chain for an ERP may
start with business users spotting new opportunities for using the system to support their business. The next link
in the chain is the IT department of the user organization looking for potential solutions already in place in the
business. In the demand chain of the ERP system, it is the ‘missing’ process solutions that drive the next stage—a
process innovation stage—where new processes and solutions are outlined. The last step in the demand chain is
demand for resources and skills needed for using, operating, and developing the ERP system in the user organiza-
tion over time. . . . What is needed are capabilities to capture an increasing number of business opportunities
already in the use … . . the supply chain for IT solutions needs to be managed so that both the current and future
applications architecture is scalable, flexible, and modular.”

—Jan Holmström and Tiina Tissari,
“IT Value Capture: Creating an Effective Demand-Supply Chain for IT Solutions”
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for goods sold,” while others might be embedded in the experience or common
understanding of the firm’s employees, such as “breaking my budget will be a
career-limiting move.” However, automation has no innate common sense unless it
is explicitly built in. Extracting and storing all rules of business, implicit and
explicit, for even a small and simple business like a mom-and-pop corner store is not
just a daunting task. It is an impossible task. There are too many rules. There can be
only one outcome if an analyst attempts to discover every rule of business for even
the simplest enterprise: analysis paralysis. See Figure P.2.

Fortunately there is a solution. The Knowledge Repository is an electronic
warehouse that holds an inventory of Knowledge components and facts about how
the business operates. Manufacturers and retailers who deal with large and diverse
components and product inventories stored in brick and mortar warehouses are
familiar with two fundamental laws of inventory management.

1. Only a few kinds of items account for the most frequent movement of
inventory. Businesses need the vast majority of other items less frequently.7
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Figure P.2 Analysis paralysis: only a few critical rules, reused most often, connect the business of
the enterprise, but they are lost in the tangled web of a million rules and details.

7. Analyses of which items in inventory are needed frequently, and which are needed infrequently, are called ABC analysis. Category A
item inventories are the most volatile, and category C are the least volatile.



2. Only a few items (not necessarily those with volatile inventories) are most
critical to the business.8

Knowledge inventories also follow these laws. Every rule of business need not
be extracted and stored before the business can benefit from Knowledge Artifacts.
There are only a few critical items of business knowledge that are reused most often.
These items can be discovered in common business patterns, which not only orches-
trate the internal operations of the enterprise and its many diverse functions, but
also connect the enterprise to stake holders across supply and demand chains. This
is also the knowledge that is of utmost value to the business, and impacts it maxi-
mally! (See Box 1.)

One of the authors was the director of systems architecture for NYNEX, then
one of America’s largest telecommunications firms. NYNEX was wrestling with the
implications of the impending deregulation of the American telecom industry. The
author developed information and business architecture for over two decades at
leading global corporations, which were in diverse, seemingly unconnected indus-
tries—engineering, manufacturing, retail, financial services, insurance, marketing
research, advertising, publishing, information services, and others. At another time,
when he worked for AIG, a large insurance firm, he identified several fundamental
patterns of business that were common to all businesses, regardless of what they
produced or where they were located. He found that these common patterns could
be applied to the core processes, products, and services of the telecommunications
industry as well. Indeed, they even anticipated key changes driven by deregulation,
even before users articulated requirements. We will share these fundamental pat-
terns and the frequently reused knowledge artifacts with you in this book.

These patterns are not always obvious to the practitioner, since the practitioner
often has to focus too narrowly on a small part of the business. However, as
e-commerce and m-commerce begin to shape the business paradigm, it is becoming
clear that not only individual corporations, but entire supply chains must compete
as coordinated units in order to succeed in the marketplace. Recognizing the critical
pieces of frequently used business knowledge that orchestrate not only the business
of the enterprise, but also businesses across several enterprises, will be the key to
success.

This book will identify these common patterns. The focus can then shift from
translating the most critical components of business knowledge into requirements
for the design of business processes and information systems, to adding those few
components that can truly distinguish the business from its competitors most effec-
tively. This is how Analysis Paralysis can be circumvented. The companion book
shows that much of this effort can be automated.

The Third Pillar: People and Best Practices—Managing Change Effectively

Experience has unfailingly demonstrated that any transition is risky. Technology
can take quantum leaps, but to effectively utilize new technology, new methods or
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new processes, organizations, people, skills, and culture must also be realigned. See
Figure P.3.

Change cannot be accomplished by quantum jumps when people and organiza-
tions are involved. Evolution is key, and the migration path determines risk. The
optimal trajectory depends on environmental factors: business drivers, culture,
available skills, risk tolerance, and others. This is where organizations usually
stumble.

Random or improvised trajectories of change carry a high risk of failure.
Change can become chaotic, the credibility of the new technology may erode, and,
unless the transition is managed carefully, the organization can even regress to
become less capable than before.

Organizations often underestimate the risk of failure. The most common mis-
take is to try to mitigate risk through staff training or hiring, and acquisition of
tools. For this reason, the last part of this book is devoted to managing change.

Although practitioners might find the best practices and themes to implement
generic technological change in the last part of this book, that is not the primary
purpose of the book. These themes make this book relevant for practitioners who
might wish to utilize the technology effectively. They include models for facilitating
technological evolution and achieving the level of process maturity that will con-
tribute to effective implementation of the technology proposed here.

How This Book Is Organized

The book is organized into two parts, after an introductory chapter. Part I focuses
on shared patterns of business knowledge, and Part II focuses on the best practices
to guide technological change. Supplementary materials and references are also
available on our Web site.
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Reuse of knowledge will flow from the patterns in Part I. Part II has the best
practices, priorities, and focus areas needed to leverage and institutionalize this new
technology. These have been included because the reusable patterns in this book
will change the way we design business processes and develop information systems.
Managers who try to transform organizations to leverage new technology usually
spread themselves too thin if they do not pick their battles carefully, and more
importantly, if they dilute their focus by trying to facilitate everything that needs
facilitation. To be successful, they must focus on the most critical issues, which keep
changing in step with the organization’s readiness to change.9 Tested and tried refer-
ence models to manage technology transformation are described in Part II. Each
part stands on its own. You need not read Part I to understand Part II, or vice versa.

To encapsulate business knowledge in common reusable themes, and then to
forge components of normalized business information from these themes, we must
first understand the concept of knowledge itself—the themes, structures, and
abstract information that define knowledge. Only then can we use these structures
to describe common components of business knowledge and to automate the design
of agile business processes and information systems. Any kind of business knowl-
edge has, as its root, the concept and understanding of Knowledge. Therefore, it is
the components in the Metamodel of Knowledge that will be used and reused most
often as we forge business knowledge. The companion book, Creating Agile Busi-
ness Systems with Reusable Knowledge, published by Cambridge University Press,
describes the Metamodel of Knowledge. This book elaborates on the key compo-
nents of business knowledge that form the next tier of frequently used themes. It
also shares a vision of the future, which the paradigm in this series will eventually
lead to. This book is divided into the following chapters.

Preface and Prologue An introduction to the book: its context, scope, principles,
audience, structure, and utility.

PART I

Chapter 1 An introduction to the definition and structure of knowledge, and its
reuse in diverse scopes. The purpose of the chapter is to help the reader develop an
intuitive understanding of key concepts and semantics without getting lost in tech-
nical details. It also serves as an introductory chapter for managers and nontechni-
cal readers who want a broad understanding of the topic.

Chapter 2 The purpose of this chapter is to identify common patterns and the
semantics of business knowledge, and to demonstrate how these may be configured
from components. It demonstrates how business meanings may be derived from
other business meanings by adding components, and how these meanings and pat-
terns can be modeled as objects. This chapter consists of four sections.

Section 2.1 describes stock themes, which are reusable subassemblies of busi-
ness knowledge. It has two parts. The first, Section 2.1.1, describes a business object
ontology that demonstrates how adding layers of information may derive business
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meanings from one another, whereas the second part, Section 2.1.2, describes a set
of universal business interactions between business objects in the ontology, which
lead to reusable patterns of business knowledge.

Section 2.2 describes how the stock themes and reusable patterns may be used.
Section 2.3 briefly describes principles for developing work breakdown struc-

tures to support this new way of designing systems with reusable patterns of busi-
ness knowledge.

Section 2.4 describes how business and information systems engineering may be
seamlessly integrated and automated by using a shared repository of knowledge.
This section also describes the infrastructure that will be required to effectively uti-
lize such a repository.

Chapter 3 This chapter shares a vision of the future with readers. It describes the
“Knowledge Machine,” a vision of postindustrial business computing that consists
of autonomous, self-adapting business models, business processes, and supporting
software, all based on a fully automated repository of knowledge configured from
components.

PART II

Chapter 4 Chapter 4 and those that follow are for managers who might imple-
ment the technology described in this book. This chapter is an introduction to the
overall dynamic of change, and how best to manage risk.

Chapter 5 This chapter focuses on the “people” aspect of change, and its risks
and solutions.

Chapter 6 Chapter 6 focuses on the process of change and how to govern and
institutionalize it, and the evolution of these processes until they are mature enough
to harvest the benefits of sharing reusable knowledge.

Epilogue The epilogue summarizes the benefits of the technology in the book in
two scenarios. Using a humorous story, it compares a day in the life of an informa-
tion systems development manager before and after the technology of automated
knowledge components is implemented.

Notes The notes contain additional technical and background information for
the curious or mathematically astute reader. Sometimes they contain suggestions
for further reading. They are referenced in the text, and are available on our Web
site.

References This chapter references articles and books [1–337] for those who
would like in-depth information or further reading on concepts and ideas that form
the basis for those developed in this series of two books.

The other book of the series, Creating Agile Business Systems with Reusable
Knowledge, published by Cambridge University Press, is the 337th item in the
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References. It is referenced in this book as [337]. Auxiliary material is available on
our Web site.

Expressing business knowledge in component form and reusing these compo-
nents draws on a wide variety of areas of active research as well as business experi-
ence. The references cover this. We have provided URLs wherever possible to make
it easy for readers to access carefully chosen papers and publications on the Web.
These URLs are valid at the time of this writing. Most are only a mouse-click away
on the Web. However, the Web is forever changing, and we cannot guarantee that
these links will always exist.

Boxes Boxes are embedded within the text of the book. They elaborate on con-
cepts described in the book for readers who might like more detail. These boxes are
placed close to the concepts they describe.

How This Book Is Organized xxxi



PART I
Patterns of Business—Reusable Components of
Knowledge

“All was foretold me; naught
Could I foresee;
But I learn’d how the wind would sound
After these things should be.”

—Edward Thomas, The New House



C H A P T E R 1

On Components and the Nature of Reality:
Introduction to the Metaworld

This chapter introduces the Metamodel of Knowledge described in the companion
book of this series. The intent is to help the reader develop an intuitive understand-
ing of key concepts without getting lost in technical detail. The chapter:

• Describes the emerging need for coordinated business knowledge in software.
• Introduces the concept of normalized knowledge and its configuration from

atomic rules or irreducible facts.
• Introduces the concept of behavior, the concept of modeling it, and how

knowledge gets replicated in analysis artifacts.
• Introduces fundamental components of the metamodel and their roles in nor-

malizing knowledge:
• Objects, Relationships, Processes, and Events as repositories for behavior;
• Domains and their role in measuring, normalizing, storing, and expressing in-

formation.
• Introduces the problem of multiple clashing perspectives as a fundamental

problem in categorizing real world business information.

Does an arcane discussion on the nature of reality really have a place in a book
on information systems? True, the full tapestry of reality in all its richness is better
left to philosophers, but we must understand how the real world structures mean-
ing, since meaning is the foundation of information, and knowledge bereft of infor-
mation is just an empty word. Meaning is the foundation of the metamodel of
knowledge.

“And moving thro’ the mirror clear
That hangs before her all the year,
Shadows of the world appear.
There she sees the highway near
Winding down to Camelot.”

—Lord Tennyson, The Lady of Shalott

Even so, why do we, as engineers and practitioners of information systems, need
this arcane discussion, when we have built systems, and built them well for over half
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a century? Why do we need to step into uncharted waters when we have ready expe-
rience with tried and tested techniques that have served us well?

Experience is increasingly under pressure from ideation, innovation, and the
demands of scope scale and agility as we forge a global economy driven by knowl-
edge (see Figure 1.1). The world we have known is changing, and with the coming
of the information age, it will surely change at the speed of thought. Yesterday’s
paradigms are fading ever more rapidly. Our reach has become global, and our
businesses have become bigger and more complex by quantum leaps; technology is
making yesterday’s impossibility today’s imperative.

As we have grown, so have our customers become less forgiving and more
fickle. Loyalty can only be bought with performance, and even then, it may be lost
as quickly as it was bought. Customers’ expectations are high, and standards strin-
gent, yet the scale, scope, and complexity of our systems have grown ever larger.
Our employees and partners cannot deliver without automation. E-commerce and
m-commerce are here, and even as customers’ expectations rise, they interface more
with automation than with people.

The methods we have used in the past worked in a smaller, simpler age. Old
approaches still hold the line many times, but that line is beginning to fray. More
and more, the tried and true are giving way under the demands of scale, scope, and
agility that are becoming the keynote of business.
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and ‘innovation’, both applications of knowledge
to work.”

−
−
−

EXACTING MARKET EXPECTATIONS
Quality of products and services
Response time compression
Ease of doing business

ACCELERATING COMPETITION
Technology drivers
Risk drivers

−
−

NEED INNOVATION
New opportunities, threats
Technology, e/m-commerce drivers
Global & new markets
Evolving regulations & guidelines

−
−
−
−

ADAPT TO MOVING TARGETS
Reduce time to market
Scalable, nimble business processes

−
−

TARGETED PRODUCTS
Niche/granular market segments
Customized products & services

−
−

RESOURCE CRISIS
Staff availability
Staff retention
Staff learning/leverage

−
−
−

CUST. LOYALTY/RETENTION
STAFFING COST
INFORMATION GLUT

SYSTEMS OBSTACLE TO CHANGE
Lost time = missed opportunity
Defects and operational failure = lost custom

−
−

MANAGE DIVERSITY
Customer risk/ change aversion
Legacy & new products, platforms, services
Plethora of product, service platform configurations
No/limited control of operating environments
Dictated by market forces & customers’ legacy, cost,
and business drivers
Proliferating interfaces between ever-increasing numbers
of stakeholders, business partners, and processes

−
−
−
−
−

−

CHAOS & COMPLEXITY

"31.1% of projects get cancelled
before they ever get completed,

52.7% projects overrun their initial
estimates by an average of 189%."

"Only 18% of I/T spending produced
value in 1998."

 Howard Rubin in
Nov. 15, 1998
CIO Enterprise  Peter Drucker in Post Capitalist Society

Business Components will encapsulate
knowledge of the corporation’s business rules

 Survey of 8,380 firms in

Jan. 1995
Application Development

Trends,

Figure 1.1 Increasingly, past experience is under pressure from the demands of scale, scope, and agility that businesses are
placing on systems.



In the Prologue, we described why it has become imperative for business to
thrive on change, while systems have become the principal obstacle to the very
change that is the lifeblood of business. Businesses pay a price for this. The price is
often much more than just the cost of maintaining and revamping systems. Real
costs are measured by the cost of opportunities lost or delayed, revenues lost, mar-
ket shares and competitive standing eroded, goodwill not realized, customers not
satisfied, and much more.

Systems are an obstacle to agile and adaptive business practices principally
because change has a domino effect on systems. Changes explosively and chaoti-
cally ricochet through the system, each impact of which must be managed and
resolved before the change can take effect. In many large and complex systems prev-
alent today, this is not just a difficult task, it is an impossible task. Defects are often
discovered and resolved long after applications have gone live and the damage
done. We have known situations when, without the supplier’s consent or knowl-
edge, savvy customers changed product prices on e-commerce applications. Once a
toxic chemical was mislabeled and shipped to the wrong destination because of a
defect in a computerized application. This happens because business rules are not
normalized, and business knowledge is repeated in multiple ways in several places,
all of which should be, but are not always, coordinated.

What is Knowledge and how can we coordinate it? How can we adapt to mov-
ing targets as businesses constantly flex and maneuver for competitive advantage?
The answer, paradoxically, lies in the real world in which we live, not in computer
systems. The natural, or real world, frames all business opportunities, threats,
goals, strategies, and operations. All businesses are bound by not only the laws of
nations, but also by the immutable laws of nature. Therefore, we must look at the
structure of knowledge in the real world, where knowledge is naturally normalized.
Knowledge gets fragmented and replicated only when we store information about
the real world in our systems, designs, and artifacts.10 The solution then is to reflect
knowledge and business rules in systems as they are in the real world. To do so, we
must first understand the nature of reality and the nature of Knowledge.

1.1 The Nature of Knowledge

Knowledge is meaning. It is the meanings of goals, policies, and practices, and how
they fit together into a cogent whole. Figure 1.2 shows how this was said has
changed, but what was said has not. This meaning has endured the passage of 1,300
years across a sea change of time and a panorama of ages.

Knowledge conveys information about the business environment. Knowledge
conveys information about how business goals and guidelines are coordinated with
business opportunities and operations. Knowledge conveys information about how
the business’ products and processes are aligned with business mandates and
markets. Knowledge conveys information about breach and recovery—which rules
to follow and which to dilute; and what can be safely ignored, and what must
be ignored. Knowledge conveys information about how practices and people
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coordinate resources and requirements. Knowledge is information about customers
and competition, about business constraints and configurations.

Thus, knowledge is coordinated information about how rules of business,
imposed by man or nature, expressed explicitly or understood implicitly, called pol-
icy, common sense, culture, or collective wisdom, can mutually orchestrate the busi-
ness. Knowledge is how this symphony of information moves business towards its
goals, helps it achieve its minor successes and crowning glories, and occasionally
creates minor embarrassment, or even catastrophic failure. Yes, knowledge is not
only about what to do, how to do it, and when to do it, but also about what not to
do, how not to do it, and when not to do it. Thus, knowledge is an orchestra of rules
in harmony, guided by meaning and rationale.

Rules are assertions. Knowledge is the configurations of rules and reasons.
Rules may be simple or complex, they may stand alone, or they may include several
other rules and caveats. Rules carry information about the business. Together, they
orchestrate knowledge. Business rules convey the components of information that
we can assemble into configurations of knowledge and best practices.

Engineers build complex machinery. Architects build complex facilities. Both
build large and complex things from simple parts. They are familiar with techniques
that divide and conquer complexity. They know that complex things must be made
from simple ones. Small and simple components must be first tested and assembled
into subassemblies, which in turn should be retested and assembled into even more
complex components. These then might fit into yet larger components, and so on,
until the end product is finally assembled.
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Figure 1.2 Knowledge is the meaning of business practices, rules, goals, and guidelines, and how
they fit into an integrated whole.



Business knowledge is also complex and requires the same approach, but there
is an added complication. Knowledge is intangible. Unlike buildings, bridges, and
machine parts, components of knowledge cannot be seen or felt.

The first step towards forging components of knowledge is understanding
which assertions we can divide without losing information and which will lead to
loss of meaning or knowledge. If, by breaking an assertion into smaller parts, we
lose information that we cannot recover by reassembling the pieces into a “subas-
sembly of knowledge,” then we have gone too far. We will call these indivisible
rules atomic rules or irreducible facts.11

Take, for example, the assertion:

Jenny is a woman who has a son named Michael.

The truth of this statement can be expressed in two smaller and simpler state-
ments without any loss of meaning:

1. Jenny is a woman.
2. Jenny has a son named Michael.

Taken together, they can only, and uniquely, mean that “Jenny is a woman who
has a son named Michael.” and nothing else. Therefore, “Jenny is a woman who
has a son named Michael” is not an atomic (or irreducible) fact. Its meaning can be
fully derived from the meanings of two other simpler assertions about Jenny.

Now let us go one step further and try to break the assertion about Jenny into
three smaller, and even simpler, assertions.

1. Jenny is a woman.
2. Jenny has a son.
3. A son is named Michael.

At first glance, it might seem that these three assertions together can only mean
“Jenny is a woman who has a son named Michael,” but they do not—not really.
The three bald assertions tell us only three things: (1) Jenny is a woman, (2) she has a
son, and (3) somebody’s son, not necessarily Jenny’s, is named Michael. We have
lost information: that Jenny’s son’s name is Michael. We lost Jenny’s son’s name
when we tried to break “Jenny has a son named Michael” into smaller, simpler
components, because that assertion was an irreducible fact or atomic rule.

What do irreducible facts have to do with managing change? Irreducible facts
have everything to do with managing change because they are at the root of coordi-
nated requirements. Normalized knowledge will help coordinate requirements in
today’s complex corporations and cross-company supply chains. Change has a
domino effect that radiates chaotically through the system because the same irre-
ducible facts are scattered chaotically, with little control or even awareness, through
our software.

1.1 The Nature of Knowledge 7
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Knowledge (meaning) is not replicated in the natural world (i.e., it is normalized),
whereas in today’s information systems, it may be fragmented and replicated. In
present-day systems, irreducible facts, the basic building blocks of knowledge, may be
replicated and unsynchronized in different applications, in requirements recorded in
different forms, in design artifacts, in databases “help” files, and in deliverables, so
much so that it is sometimes unrecognizable as the same root knowledge. Therein lies
the problem, as we shall see in the two examples that follow.

A customer orders voice mail services from a telephone company. The company
adds the service to the customer’s record and starts charging the customer. The firm
must also reprogram telephone switches to activate the service. The software that
instructs the switch does not recognize voice mail services. Now there is not just an
unhappy customer who has been billed for services not provided, but also an
unhappy phone company that is spending time and incurring the high cost of skilled
human resources needed to service an irate customer.

Voice mail is a feature of telephone service is an irreducible fact. You cannot
break it into simpler assertions without losing information. Voice mail is a service
offering that was recognized by the billing system, but not by the service
provisioning system. Knowledge was not normalized, hence requirements were not
coordinated in the phone company’s systems. That was the root of the problem. (In
Chapter 2, we will examine irreducible facts that describe products and services in
more detail.)

Let us take a more complex example, where consequences were less serious
because customers were not directly impacted, but opportunity costs were incurred.
Opportunities for integrating systems in compressed time frames and budgets were
lost, and the firm was not even aware that it could have spent less and implemented
new service offerings faster.

John was a deliveryman. He worked for “Zippy” Courier Company. Zippy’s
scheduling system downloaded his delivery route to John’s palm computer at the
beginning of each workday. Sometimes delivery priorities changed, or Zippy’s
Command Central, which coordinated deliveries, received information about traf-
fic congestion on parts of John’s route. Depending on which deliverymen are where,
they reorganized delivery routes and schedules, downloaded changes, alerted their
deliverymen by wireless link, alerted their customers to revised timing by telephone,
and informed Warehouse Operations of these changes.

Zippy’s also had a sophisticated facility in the warehouse for sorting and load-
ing packages onto delivery trucks. Which package was allocated to which truck
depended on the final destination of the package and the route of the truck. Some-
times containers or trucks were full before all packages for that route were loaded.
These were then loaded on other trucks that might cover similar routes. Warehouse
Operations informed Command Central when that happened.

Zippy used two very different systems for two very different applications. Yet
both scheduled deliveries, one over roads to geographic addresses, and the other
over conveyor belts, picking, packing, and staging systems, to trucks. Both could
use multiple routes to deliver their shipments, and in both, routes could sometimes
be filled to capacity.

Many scheduling and routing requirements were common between the two
systems, but when Zippy improved Command Central’s scheduling algorithms,
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Warehouse Operations neither knew nor cared, let alone take advantage of the
improvements. This was an opportunity cost that was completely hidden from
Zippy’s Management.

Then Zippy’s delivery scheduling system was enhanced to allow customers a
facility for special instructions that would facilitate coordinated delivery of two
different packages from different pickup points to a common destination. Custom-
ers could ask that there be no more than a day’s gap in their arrival. Zippy’s loading
system could have added a new business rule that deferred items must not wait more
than a day to be loaded onto a truck that would cover the required delivery address.
It was the same atomic rule masquerading as a different requirement for a different
system. This was not done, and the new service commitments were harder to satisfy.
Consistency and reliability of service suffered while Command Central’s operations
became more complicated.

The state of the art made it very difficult for Zippy to use the software and design
artifacts of one system to change the other. This is true of most firms today. Changes
come harder and improvements take longer, at a higher cost than necessary.

The root of both Zippy’s and the phone company’s problems was not mal-
funcioning technology. The hardware, software, and networks performed accord-
ing to design. The problem was uncoordinated requirements. The systems develop-
ment process did not normalize, or leverage normalized knowledge, to coordinate
requirements. Nor did the process seek to save time and development cost through
knowledge reuse. Systems professionals could say, with some justification, that the
requirements they were given were incomplete, but the bottom line was that the sys-
tems failed the customer and the company.

They failed because the firms were too large, and their operations so automated,
that coordination of knowledge across the firm was complex. Systems failed
because knowledge was not reflected in systems as it was in the real world where
meaning is unique, and its expression naturally coordinated at the root. Knowledge,
like matter and energy, frames reality and is framed by it. The real world of immuta-
ble meaning automatically normalizes knowledge. Thus, the real world becomes the
yardstick for success and failure of automation. To reflect knowledge in our arti-
facts, as it exists in the real world, we must first understand reality, and how reality
structures meaning and information. After all, reality frames the artifacts we create.

1.2 Modeling the Real World

“Understand that as the mighty wind, blowing everywhere, rests always in the sky,
all created beings rest in Me.”

—Translated from the Bhagvat Gita, the holy book
of Hinduism by Swami Prabhupada

We will open the discussion on the nature of reality with an extreme and radical
assertion: We assert that in the real world there is no such thing as data, and no such
thing as process. There is only behavior. Data and Process are mere artifices we have
created in order to represent information about the manifest behavior of real world
objects.

1.2 Modeling the Real World 9



Having said this, we will ask you to do something so simple that you have prob-
ably forgotten how to do it—become a child once more.

What is behavior? You knew that long before you even learned to read—long
before you knew of process, data, or normalization—if you hit a sheet of glass, it
will shatter. Hit a sheet of metal, it will ring. Hit hard, and it may bend.

Behavior is how an object in the real world responds to a stimulus (or event).
Behavior involves events, constraints, rules, location, and shape; but most of all, it
involves change, and change involves time. Step back then, to that time long ago,
when you knew only about objects you could see, the events that influenced them,
and the flow of time, and we will be ready to model reality.

It is important to remember that models are not reality. They only represent
reality in a limited scope. The real world is too complex a tapestry to represent fully
in all its richness and intricacy. A model represents limited information about real-
ity in a repeatable, consistent, and accurate manner. The scope of the model is cir-
cumscribed by the real world behaviors it targets. The reliability and accuracy of the
model are circumscribed by the range of error or inconsistency we will toler-
ate—tolerances in terms of deviations from repeatedly consistent accurate predic-
tions of target behaviors.
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Box 2: Example of a Model for Baking a Cookie

This model demonstrates:

1. How limited a model is compared to reality;
2. How easily knowledge becomes denormalized in artifacts, which

must then be coordinated.

The scope of this model is restricted to presenting information about a
sequence of a select set of events involved in making cookies. The arrows show
a succession of events. The event at the end of an arrowhead cannot occur until
the event at the beginning of that arrow has happened. Thus, we cannot bake
dough unless we have put a glob of dough on the cookie sheet.

Events like starting the oven, acquiring the cookie dough, and eating the
cookie are beyond the scope of this model. The behavior of the dough, such as
shaping into globs, hardening under heat, and its color and fragrance are also
out of this scope.

The information in the model could also have been expressed in a different
syntax. For example, instead of a set of labeled boxes connected with arrows,
the sequence and constraints could have been written in English sentences.
That would not change the model or its meaning. It would only change the

2

Make cookie
dough

Arrange dough
glob on cookie
sheet

Bake dough Remove cookie



1.3 Metaworld of Information

“He is distant in his nearness and near in his distance. He fashions ‘how,’ so it is not
said of him ‘How?’ He determines the where, so it is not said of him ‘Where?’ He
sunders ‘How’ from ‘Where,’ so He is One—the Everlasting Refuge.”

—Qu’ran, 112:1-2

To normalize and reflect real-world knowledge in our systems as it is normalized in
the real world, we must understand and model its structure.

1.3.1 Objects, Relationships, Processes, and Events

Let us start by examining the nature of the model in Box 2. We can almost hear you
say that we just contradicted ourselves. We asserted there was no such thing as pro-
cess in the real world, and almost in the same breath drew processes in Box 2. You
might contend that each box, connected by arrows in the model in Box 2, actually
represents a process. You are absolutely right! However, we are not being inconsis-
tent, and this is why.
We have already seen that objects and their observed behavior manifest reality. In
the real world, objects can, and do, influence each other. The hammer can hit glass
and break it. The dough, the oven, and the cook together bake the dough glob into a
cookie. Buildings are located in geographies. Thus, one or more objects acting in
concert with each other make the real world and orchestrate its behavior. In other
words, objects relate to each other. Some of these relationships, such as baking the
cookie, involve the passage of time, while others, such as the location of the build-
ing, are assertions that do not involve time.

These relationships are natural repositories for certain kinds of behaviors of
real world objects acting in concert. Thus, they are also objects in their own right.
For example, we could interrupt and stop “Bake Cookie” before the cookie is fully
baked. This is how Bake Cookie, the object, behaves. Similarly, the same person
may become an employee through an employment relationship with an organiza-
tion, and a spouse via a marital relationship with another person. In addition to
behaviors common to Persons in general, such as breathing and growing older,
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syntax, or technique, of expressing information. The information and
its meaning would be exactly the same in both expressions.

Although the meaning and information are identical in the two
syntaxes, there are now two artifacts, or deliverables, with the same informa-
tion, or meaning. To be consistent, the two must be coordinated. This is an
example of how easily the information and meaning of a single real world phe-
nomenon can be replicated in our records. If one changes, the other too must
change. By repeating information in two different artifacts, we have just
denormalized real world knowledge about baking cookies, and made change
more complex. We did not even try. It just happened.
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Employees and Spouses can have special behaviors. For example, spouses may get
divorced and employees may be promoted.

Processes are artifacts for expressing information about the behavior of those
relationships that involve the passage of time (i.e., involve before and after effects).
For example, the “Bake Cookie” object in Figure 1.3 captures the information car-
ried by the “Bake Cookie” relationship.

Not only does Bake Cookie relate six objects in the model—“Dough,” “Oven,”
Cookie Sheets new and used, the Cook, and the Cookie—it also sequences them.
The object “Bake Cookie” tells us that the objects to the left in Figure 1.3, namely,
the Dough, the Oven, a New Cookie Sheet, and the Cook, must precede the
existence of objects to the right, namely, the Cookie and the Used Cookie Sheet.
Bake Cookie is a process only because it carries information about a temporal
sequence. Processes are thus special kinds of relationships that contain sequencing
information, in addition to being objects in their own right.

What triggers behavior? What starts a process? We all know that events do.12

Objects respond to events [166], and their response is behavior. The hammer hit the
glass to break it. The hammer strike was an event. Something triggered the bake
cookie process. It might have been that the chef asked the cook to start. Thus the
chef’s request may have been the trigger. In Box 2, the end of the preceding process,
Make Cookie Dough, triggered the process, Arrange Dough Gob on Cookie Sheet.
These triggers are events.

An event is an occurrence that, unlike a process, may transform nothing. Pro-
cesses, like events, occur in time, but all processes have a distinct beginning, a finite
duration, followed by a distinct end. Events, on the other hand may never end. Pro-
cesses always make change or seek information. Business process engineers often
call the time interval from the beginning to the end of a process its cycle time. A pro-
cess can even be instantaneous, but it must end. An event may go on forever. For
instance, a deep space probe like the Pioneer will climb forever into interstellar
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Figure 1.3 Processes specify a special kind of relationship. They carry information on “before and
after” effects between objects.

12. Objects may sometimes exhibit spontaneous behavior. Spontaneous behavior is not triggered by any obvious external event. For
example, stock prices may move at random from minute to minute. Spontaneous changes are also events.



space. A process may thus be considered a special kind of event—one that makes
change in a finite time interval. Of course, processes may also be instantaneous, like
a blip in time with zero duration. The concept of event subsumes the concept of pro-
cess, even an instantaneous process. We all know that anything that happens in the
real world must take some time, even if the time taken is infinitesimally small. For
example, the chef would take a few seconds to vocalize his instruction to start
baking cookies. However, for modeling purposes, we can consider that the cook’s
request is a zero duration occurrence, or in other words, both an event and a
process.

Events are important because they trigger actions, processes, and behavior. For
example, the cook might hit the stop button on the oven and interrupt the Bake
Dough process in Box 2. Hitting the stop button would then be the event that sus-
pended the Bake Dough process. Remember that processes are special kinds of
objects. Thus, hitting the stop button was an event that triggered specific behavior
of the Bake Dough object. Two key events implicit in the model in Box 2 are the
start and the end of a process. It is important to bear in mind that these two events,
the start and the end of a process, are implicit, intrinsic, and inalienably associated
with the existence of every process. These concepts are discussed in much more
detail in Creating Agile Business Systems with Reusable Knowledge, published by
Cambridge University Press.

1.3.2 Perception and Information, Naturally Speaking: Domains, Units of Measure,
and Formats

What is the nature of information manifest in the behavior of reality? What is the
relationship between the information intrinsic in reality and its perception through
our senses? Is it an exotic, abstruse, and arcane discussion (see Figure 1.4)? Perhaps,
but it is critically important to normalizing business rules, as we shall see. The
example in Box 2 shows us that meaning must be separated from its expression if we
must normalize knowledge.

We need a home for meaning to ensure that business rules that involve meaning
are normalized. For this, we must look beyond physical objects and relationships.
We must look at how reality structures the information it contains. To do this, we
must augment our metamodel to represent additional entities beyond physical
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“I am the Fragrance of the Earth,
and I am the heat of Fire. I am the
Life of all that lives and I am penance
of all...”

−William Blake−Translated from the , the holy
book of Hinduism by Swami Prabhupada

Bhagvat Gita

“

”

As a man is, so he sees.
As the eye is formed,
such are its powers.

Figure 1.4 How is information naturally manifest in the real world?



objects and relationships. In this section, we will add three new entities to our
metamodel: Domain, Unit of Measure (UOM), and Format.

Information exists in the real world, as do matter and energy, but the rules are
different. Matter might be more tangible, but no one today will argue that energy is
in any way less real or natural than matter is. This was not always true. It took
humanity a thousand years to reach that conclusion,13 and even longer to realize
that matter and energy may be expressed in different forms, but cannot be created
or destroyed. Information is even more abstract and its laws more complex, but
information is no less real than matter or energy. It is only manifested in the behav-
ior of real objects and physical energy.

Unlike matter or energy, meaning is not located at a particular place in space
and time. Only its expression is.14 Thus, in the example of Box 2, the same meaning
was found in two different artifacts that had no spatial or temporal relationship
with each other. Their only relationship was in their shared meaning, or informa-
tion content.15 Although meaning in its true sense (and hence the information it con-
veys) does not occupy space and is immutable in time, it is ironic that we can only
know meaning from information expressed and observed in the physical world
framed by space, time, and real world objects. A single meaning may have many
expressions.16 Thus, the information stored on printed paper in a filing cabinet, as
well as on the hard disk of a computer should be the same; the Spanish and English
versions of the owner’s manual of your car (should) contain the same information;
and the Japanese Prime Minister’s speech at the UN should have the same meaning
or information as its English translation.17

This is a fundamental difference between Information on one hand, and Matter
and Energy on the other. The same information can exist at many different places
and times, whereas a specific material object, or packet of energy, can exist at only a
single location at any given moment in time.18

Matter or energy mediates our observation of information. We can only
observe the behavior of reality manifested in the behavior of objects located in space
and time. This is a very important concept, and we will repeat it again. The informa-
tion carried by meaning is nonlocal (i.e., it is independent of space and time),
whereas specific physical objects like documents, bits of energy, screwdrivers, and
people, are local (i.e., they exist in a particular place at any given moment in time).
To normalize business rules, it is critical that we understand the natural structures
that connect information to its physical expression(s).

What mediates information and its expression in the physical world? There are
two meta-objects that do this. One is intangible. It deals with the quantum of infor-
mation19 that is intrinsic to the meaning being conveyed, and is closely tied to nature
(we shall call it the domain of information, or domain for short), while the other is
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13. See the note on how the twin concepts of matter and energy were developed.
14. Shannon’s Information Theory described in the Notes measures the quantum of information. Meanings structure information. The two

concepts complement each other.
15. Physical phenomena linked purely by information that just is, as opposed to information transmitted spatially and temporally by mes-

sages, were illustrated by the Aspect Experiments described in the note on messages between objects.
16. This concept can be confusing: In our metamodel, meaning, expression, and the quantum of information are separate objects.
17. See the note on how information relates to physical objects.
18. See the note on the locale of matter and energy.
19. The note on Shannon’s information theory discusses the measure of information.



more tangible—it is the format or the physical form of expression. It is easy to
recognize the format, and many tools and techniques have done so explicitly. It is
much harder to be aware of domain,20,21 but nature does not care about what we
know. Domain just is. If we did not know or care, and combined domain with for-
mat,22 it will come back to haunt us in the form of replicated business rules and
inflexible software. Let us see how.

“The curtains seem to part;
A sound is on the stair,
As if at the last . . . I start;
Only the wind is there.”

—Bliss Carman, A Northern Vigil

A Parable of Jim, Jane, Jugs of Milk, and Robert in the United States of Information

The information content of reality manifests itself to us through the behavior, or
properties, of objects we observe. For example, people have birthdays; they age,
prefer some colors more than others on their cars, or have a gender that determines
certain physical attributes, such as the ability to bear children. Let us take a com-
pletely different object, for example, a jug of milk. It stores milk. You can measure
the amount of milk in the jug. You can quantify both your age and the volume of
milk stored in the jug with numbers that describe their individual magnitudes.

Your intuition tells you that in some sense, the values of both these very dissimi-
lar qualities of very dissimilar objects (i.e., a person’s age and the volume of milk
stored in a jug) are defined on a domain of information that contains some common
behavior; not of the objects themselves, but of the information conveyed “in” (not
“by”) the act of measurement. That is, each quality can be quantitatively measured.
Another example of such a quality shared by disparate objects is temperature. We
can measure the temperature of all three: the jug, the milk, and people. Your intu-
ition is right. Let us understand the kind of information, or behavior, that domains
naturally normalize by comparing the amount of information intrinsically conveyed
by each of these qualities of people and jugs of milk.

Nominal Domains Let us start with gender. We know that it only conveys that
men are different from women, and nothing else. It has no information on how men
and women can be arranged in any natural order, nor does gender carry any
quantitative information on differences between men and women.

When we store this information on a physical medium, we could choose to arbi-
trarily represent “male” with a numeric code 1, and “female” with 2. If my friend
Robert, a professional and dedicated mad scientist devoted to divining the true
nature of things, then claimed that men precede women because the number 1
precedes 2,23 we would know that Robert’s claim is meaningless, because the
domain on which gender is naturally defined has no information about sequence.

1.3 Metaworld of Information 15

20. See the note on the mathematical theory of categories.
21. Mathematical discussions on generic domains can be found in several mathematical and engineering texts, including [308]. References

[232–235] also describe sets, domains, and functions.
22. Many CASE tools and professional publications combine domain and format together and call the composition “domain.” In this book,

we will distinguish between the two. Readers will not be confused if they remember this.
23. This is called “coercive polymorphism.” See the notes on polymorphism and the Mathematical Theory of Categories.



This will always be true, regardless of how we physically express or code the
information: It is also meaningless to subtract 1 from 2 to find the amount by which
men and women differ, or to divide 1 by 2 to find the proportion of difference. The
domain just does not have that information. It has nothing to do with how the
information is physically expressed. What does not intrinsically exist cannot be
expressed; you cannot squeeze blood from a stone.

Domains like this, which contain just enough information to classify objects
based on their properties or relationships, are called Nominally Scaled Domains, or
Nominal Domains,24 for short.

Ordinal Domains Next consider a person’s color preference for cars. If the cars
are identical in every other way, Jane likes blue cars more than green and red, and
cares even less for black cars. She really has no preference between green and red
cars, if all else is equal.

She agrees to participate in a consumer survey of preferred colors of cars. First,
Jim, the researcher, asks her to rank the four car colors in order of preference, start-
ing with the color she likes most. That is easy: blue first, followed by red and green
at par, and black at the end. So far, she has no trouble.

Next, Jim asks her to quantify how much she likes each color by assigning a
number to each. Now Jane has a problem. She does not know how to respond. She
knows that she should give blue the highest score, followed by an equal score for
green and red, and a lower score for black, but what should these scores be? She has
no idea. All she knows is that she likes blue more than green and red, that she likes
green and red equally, and black least, but cannot quantify her liking. The informa-
tion is just not there.

The domain on which Jane defines her preference for color of cars intrinsically
and naturally contains sequencing, or ranking information, but no information
about magnitudes. Should Jim insist, she might quote some numbers, but these
numbers will convey no information beyond Jane’s ranking of color preferences for
cars.25 It does not matter how Jim codes her color preference: with numbers, letters,
colors, or graphic icons.

Domains like this, which have no quantitative information, but do convey
enough information to arrange objects in some sequence or order, are called Ordi-
nal Domains.26

Note that, because she can rank cars in order of color preference,
Jane can automatically group cars into separate groups (e.g., green and red
cars would be grouped together; the criterion is her color preference, not the
actual color of the car). However, if she just groups, but does not rank, cars in
order of color preference, then she is withholding information from Jim. This
shows that Ordinal Domains intrinsically carry more information than Nominal
Domains.27 They carry sequencing information as well as, by implication, classifi-
cation information.
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24. See discrete distance in the note on metric space for more information.
25. See coercive polymorphism in the Notes.
26. Reference [211] has mathematical detail on ordinal measurement.
27. Shannon’s information theory in the Notes describes the mathematical measure of information.
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Box 3: Objects, Domains, and Formats

Domains carry meaning. Formats are how information is physically
presented to a person, system, or instrument.28

For example, gender may be formatted, with a numeric code such as “1”
for “Male” and “2” for “Female,” or “M” for “Male” and “F” for “Female. ”
It may be spelled out in written or spoken (where technology supports multi-
media) English words—“Male” and “Female,” or in another language. It may
even be graphic icons or pictures, static or moving, of a man or woman, or any
other physical expression. All these are examples of FORMAT, the physical
expression(s) of meaning, not meaning itself.

Objects and Domains together convey meaning. Objects frame the context
of the meaning conveyed by domains (to be described with more precision
later). For example, the meaning of the fact that objects may be female (carry
progeny), male (fertilize females to enable them to have offspring), or neuter
(neither), is conveyed by the domain alone. A common domain thus normal-
izes the common meaning and behavior of gender across objects like people,
plants, dogs, deer, and other living things. An object, such as a person or an
animal, puts this generic behavior into context, giving it a specific meaning29

for that kind or instance of animal.
Thus, there may be male and female people, parts of flowers, dogs, spi-

ders, cats, and so forth. This conveys the fact that a property, “gender,” of a
class of objects called “Persons” (or parts of flowers, dogs, spiders, cats, and
so forth), maps to the gender domain, with the restriction that only a male or
female gender is allowed for an instance of this object. It records an irreducible
fact, that people must be either male or female. Similarly, other classes of
objects, such as dogs, spiders, parts of flowers, and so forth, would map to the
gender domain with the same restriction—an irreducible fact about these
objects.

Each earthworm, on the other hand, must be both male and female,
because each earthworm may carry and fertilize earthworm eggs.30 This is also
an atomic rule or irreducible fact. Each object thus provides the context of
maleness and/or femaleness (or neither), whereas the domain is the bucket for
recording the common meaning of maleness, femaleness, or neutrality.

Sometimes more than one property of an object may map to the same
domain. Each will represent a distinct irreducible fact needed to represent the
real world. For example, the length, breadth, and height of a room all map to
the length domain. The domain normalizes the facts that these three properties
of room can have the same units of measure, which have the same conversion
factors. Thus, they need not be repeated for each property. The same logic

3

28. Called actor in the language of object technology, or observer in the parlance of physics. Readers interested in more information about
actors may refer to books on UML, or the resources in the References. The Universal Modeling Language (UML) is becoming the de
facto standard. The Object Management Group and Rational Corporation are strong advocates of UML. See also Rational Corpora-
tion’s Web resources in the References.

29. See polymorphism in the note on the Mathematical Theory of Categories for more information.
30. See the note on The Question of Gender.



Now suppose that Jim, frustrated by Jane’s inability to quantify her preferences,
assigns some kind of number to her preferences—say, for arguments sake, the rank
that Jane assigned to each color (1 to blue, 2 to red and green, and 3 to black).

We know that it would be pure nonsense for Jim to conclude on this basis that
Jane likes blue cars three times more than she likes black cars. Nor can Jim conclude
that the gap, or difference, in Jane’s preference between blue and red cars is equal to
the gap between red and black cars. The domain simply does not have this
information.

Difference Scaled Domains Let us consider Jim’s and Jane’s temperatures next.
Jim liked Jane, and asked her to stay for lunch. After lunch, they went to Domain’s
Metaphysical Diner for a cup of good Colombian coffee. Robert, the mad scientist,
happened to be drinking coffee at the next table. Robert was researching the true
meaning of temperature, and had a superb collection of thermometers of every kind
in his briefcase.

Mr. Domain took great pride in his special coffees, and always served coffee
with a separate warm jug of milk for each customer. Jane found that the new wait-
ress had accidentally served her chilled milk in the jug. Robert overheard Jane, and
sprang up with missionary zeal to ask if he could address any issues with Jane’s and
Jim’s milk. Mistaking him for the new waiter, Jane graciously accepted.

Robert immediately flung open his briefcase and extracted two high-tech digital
thermometers, a scientific calculator, and an elegant notebook. Without further
delay, he plunged a thermometer into each jug, did a quick calculation, and declared
that Jim’s milk was twice as warm as Jane’s.

Jenny, the waitress, was piqued, and asked Robert how he knew. “Simple,”
Robert explained. “Look at the display of each thermometer. Jane’s shows 40
degrees Fahrenheit, and Jim’s shows 80 degrees Fahrenheit. Eighty is twice as large
as 40, and that proves that Jim’s milk is twice as hot as Jane’s.”

“Also,” said Robert, to show off his high-tech thermometers and impress Jenny
with his erudition, “these thermometers can show you the temperature in either
Fahrenheit or Celsius at the touch of a button! Always be sure that you use the same
units of measure for both jugs, otherwise you will not be comparing like readings.”
He hit two identical buttons on the thermometers, and the temperature of Jane’s jug
of milk read, “4.44 degrees Celsius” and Jim’s read “26.67 degrees Celsius.”

“Look what you have done now!” Jenny complained. “You made Jim’s milk
more than six times hotter than Jane’s. 26.7 divided by 4.44 is more than 6!”

“I did not,” Robert retorted. “I just changed my unit of measurement.”
“Sir!” exclaimed Jim. “My temperature is rising as well! We want to drink our

coffee in peace. All we need is a fresh jug of warm milk for Jane, or she may use
some of mine.”
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holds when different properties of very different kinds of objects map
to the same domain. For example, people’s heights and lengths of
rooms both map to the length domain, which provides the common
home for their units of measure and conversion rules between units of length.
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“Impossible!” cried Robert. “Your temperature can only rise if you are sick, or
if the mechanism for regulating your temperature cannot cope with the extreme
heat of summer! See, my remote sensing thermometer can even sense your tempera-
ture from a distance, and it shows that you are holding at a steady 98.4 degrees
Fahrenheit.”

Fortunately, Mr. Domain arrived just then. “What’s the fuss about?” he asked
Jenny. Jenny, almost in tears by now, cried, “Robert just made Jim’s milk six times
warmer than Jane’s by measuring its temperature in Celsius rather than Fahrenheit!
It was only twice as hot before!”

“Now, ladies and gentlemen, let us be civilized about this,” said Mr. Domain,
fixing Robert with a specially penetrating glare. “I happen to know all your birth-
days. You, Jenny, were born on January 1, 1977. It is now 2001. That makes you
twenty-four years old. Your daughter was born on January 1, 1995. That makes her
six years old. I can also calculate that there was an eighteen-year gap between the
date of your birth and that of your daughter’s.”

“Now, what would I learn by dividing the date on which you were born by the
date on which your daughter was born?” They thought hard about it. No one had
an answer.

“Well, there you are,” said Mr. Domain triumphantly. “You would learn noth-
ing. It is meaningless to divide one date by another.”

“But why?” asked Robert, quite intrigued by Mr. Domain’s question.
“Simple, Robert,” answered Mr. Domain. “You, of all my guests here, should

know. The date domain has no information on ratios because it has no natural zero.
The zero hour for the Gregorian calendar (the ‘normal’ calendar most commonly
used in the Western Hemisphere) was arbitrarily set. You can certainly measure the
difference between any two dates as I just did. The unit of measurement is your
choice—days, years, minutes, hours, seconds, or any other measure of time—but
ratios are meaningless. The domain just does not have the information if it has no
natural zero. You cannot wring blood from a stone!”

“Ah!” exclaimed Robert, a new light dawning in his eager eyes. “So it is
meaningless to take the ratio of temperatures as well! After all, zero degrees Celsius
was arbitrarily set at the temperature at which water freezes, as was 32 degrees
Fahrenheit.”

“That is correct,” Mr. Domain replied, addressing both Jenny and Robert, “so
it was meaningless to say that Jim’s milk is hotter than Jane’s by any multiple, be it
two, six, or anything else.31 However, you can say that the difference in temperature
is 40 degrees Fahrenheit, or 22.27 degrees Celsius.” To make it less embarrassing
for Robert, he added, “You were right about the Unit of Measure. When you talk of
magnitudes of differences, you must express them in some units of measure, other-
wise they are meaningless. There can be a wide choice of units, but you must choose
one.”

“Domains like this, which convey information on classification, order
(or sequence), and the magnitudes of gaps (or differences) between points in
sequence, but no information on ratios or proportions, are called Difference Scaled
Domains.”32
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“All differences in a Difference Scaled Domain must be expressed in at least
one, but perhaps many, Unit(s) of Measure. Nominal and Ordinal Domains, on the
other hand, need no unit of measure. All they need to express information in the
world framed by space and time is Format. Difference Scaled Domains are different.
To express information (that already exists in the domain, regardless of whether it
was actually expressed in space and time), all Difference Scaled Domains must be
associated with at least one, and perhaps many, Units of Measure. Formats must
then be linked to each Unit of Measure. I will tell you more about that in a bit.”

“I see the truth of that,” replied a much more contemplative Robert. “For
example, the distance between the door and my table is 10 feet, or 120 inches. The
unit of measure I use does not change the actual distance between the door and me,
but it certainly changes the number I write down.”

“You are right,” Mr. Domain replied, “but your question about length takes
this discussion to an entirely different level altogether. It should be obvious by now
that Difference Scaled Domains are rich in information. They convey enough infor-
mation not only to classify and sequence objects, but also to measure the magnitude
of gaps between objects in a sequence. However, there is another kind of domain
that carries even more information. We need to talk about Ratio Scaled Domains.”

To Jim and Jane he added, “I did not mean to intrude, and I thank you for being
so even-tempered. Robert was right, though. His remote sensing thermometers
show that both your temperatures are normal at 98.4 degrees Fahrenheit, and if I
may take the liberty of saying so, you are a well-matched pair and very close to each
other in the temperature domain. The gap between you is very close to zero.”

Ratio Scaled Domains “What about me?” asked Jenny, quite pleased with the
thought of Difference Scaled Domains. “Does that mean no one can say I am four
times as old as my daughter?”

“Sorry to disappoint you, Jenny,” said Mr. Domain. “Date and age are defined
on very different kinds of domains. Age is the gap between the date on which you
were born and today’s date. It is not a date. Indeed, it is valid to talk about ratios
and proportions of gaps between objects measured in Difference Scaled Domains,
but the ratios themselves must map to Ratio Scaled Domains. For example, you can
say that you are six times as old as your daughter, and Jim will be perfectly right if
he says that the difference in temperature between his jug of milk and Jane’s was five
times the difference in temperature between ice and Jane’s jug of milk. That ratio
will hold regardless of the units of measure you use to measure the gap, as long as
you use the units consistently. Try it for yourself.”

Mr. Domain sighed quietly. “What a pity,” he thought. “Jim and Jane are so
close in the temperature domain, and I wish Jane’s jug of milk were closer to Jim’s
as well.33 Then none of this commotion would have happened.” However, he
continued.

“Gaps between objects in a Difference Scaled Domain will always map to a
Ratio Scaled Domain, but so do many other things. Almost everything physicists
measure, such as mass, length, area, volume, time (in the same sense as age, not
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date), probability, and so on, and many other things of interest to business, such as
money and product or process defect densities, map to Ratio Scaled Domains.”

“Of Nominal, Ordinal, Difference Scaled, and Ratio Scaled domains, Ratio
Scaled Domains are the richest in information.”

“Ratio Scaled Domains convey enough information to classify, sequence, and
measure differences as well as ratios between objects that map to them.”

“Like Difference Scaled Domains, Ratio Scaled Domains must also have at least
one, and perhaps many, Units of Measure. Units of Measure are needed to express
information that these domains already have in the world framed by space and
time.”

“Like my distance from the door!” exclaimed Robert. “It maps to the Length
Domain, and I can certainly say that I am twice as far as Jim is from the door,
because I am standing 10 feet from the door, while Jim is sitting only 5 feet from the
door. Even if I changed my unit of measure to inches, meters, or anything else, the
individual numbers might change (although the distance would not), but their ratio
must stay the same, as long as I use the same unit to measure both our distances.
Now it has all started making sense.”

Mr. Domain’s Secret Mr. Domain was beaming happily at Robert. “Now I am
almost ready to share my secret with you. It is my secret map of knowledge. It is very
old—as old as the universe we live in.”
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Box 4: Mr. Domain’s Calculations

Robert quickly verified Mr. Domain’s calculations.

In Fahrenheit:

Temperature of Jane’s milk = 40 degrees Fahrenheit

Temperature of ice = 32 degrees Fahrenheit

Difference between temperature of ice and Jane’s milk = 8 degrees Fahrenheit

Temperature of Jim’s milk = 80 degrees Fahrenheit

Temperature of Jane’s milk = 40 degrees Fahrenheit

Difference between temperature of ice and Jane’s milk = 40 degrees Fahrenheit

Ratio of differences = 40/8 = 5
In Celsius:

Temperature of Jane’s milk = 4.44 degrees Celsius

Temperature of ice = 0 degrees Celsius

Difference between temperature of Jim’s and Jane’s milk = 4.44 degrees Celsius

Temperature of Jim’s milk = 26.67 degrees Celsius

Temperature of Jane’s milk = 4.44 degrees Celsius

Difference between temperature of ice and Jane’s milk = 22.26 degrees Celsius

Ratio of differences = 22.26/4.44 = 5

(The result of the actual calculation is 5.01, not exactly 5, due to rounding errors. The
temperature in Celsius was computed to only two decimal places. Had the temperatures not
been rounded, the two ratios would have matched exactly.)
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“But first we must pause to take stock of what we know. There are four kinds of
domains:”

• “Nominal Domains contain only classification information. They have no
information on sequencing, distances, or ratios of properties of objects.”

“In order to physically express this information, it must be physically
formatted and recorded on some medium. A single piece of information must
be recorded in at least one, and possibly many, formats. For example, a
person’s gender may be coded as a number (e.g., 1 for ‘female’ and 2 for
‘male’) or a letter (e.g., F for ‘female’ and M for ‘male’); a picture of a man
for ‘Male’ and a woman for ‘Female,’; a hexadecimal code on magnetic
disk that only computers can read; or almost any coding scheme you can
think of.”

• “Ordinal Domains contain both classification and sequencing information.
They have no information on the magnitudes of gaps or ratios of properties of
objects.”

“To physically express this information, we only need to choose a physical
format and record it on some medium. A single piece of information must be
recorded in at least one, and possibly many, formats. Moreover, regardless of
format, we can compare which objects are greater or less than others, in terms
of properties that map to Ordinal Domains.”

• “Difference Scaled Domains let us classify and arrange objects in a natural
sequence, and let us measure the magnitude of point-to-point differences in
the sequence, but they carry no information on ratios. They have no natural
zero.”

“To physically express this information, we not only need at least one phys-
ical format, but also a Unit of Measure (UOM). A single piece of information
must be recorded in at least one, and perhaps several, units of measure. For
example, the ambient temperature may be recorded in Fahrenheit or Celsius,
and the date may be expressed in the Gregorian or Islamic calendars.”

“The UOM is not enough by itself to express the information. Each UOM
must be expressed in at least one, but possibly several, formats. For example,
Fahrenheit may be spelled out as Fahrenheit, or printed as ‘°F’ in different
documents, and may be in different fonts or colors. It may even be spoken out
aloud, displayed in a graph or icon, or recorded as a binary code on disk for
computers to interpret.”

• “Ratio Scaled Domains let us classify and arrange objects in a natural
sequence, measure the magnitude of differences in properties of objects, and
take their ratios. They always have a natural zero.”

“Like Difference Scaled Domains, both UOMs and Formats must be specified
in order to physically express the information. A single piece of information must be
recorded in at least one, and perhaps several, units of measure. For example, lengths
of rooms may be recorded in feet, inches, meters, and centimeters; the age of
accounts payable may be expressed in months, years, or days; the weight of a wagon
may be expressed in kilograms, pounds, and tons; and payments may be recorded in
U.S. dollars, British pounds, Japanese yen, and so forth.”
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“As in Difference Scaled Domains, the UOM is not enough by itself to express
the information. Each UOM must be expressed in at least one, but possibly several,
formats. For example, the U.S. dollar may be printed as ‘USD’ or ‘$’ in different
documents. ‘Feet’ may be stored as ‘feet’ or ‘ft,’ or as a binary code interpreted only
by computers on different media. ‘Pound,’ the UOM of weight, may be stored as
‘pound,’ ‘lb,’ and so forth.”

Then, Mr. Domain opened a weathered and ancient book. “Here is my secret
map,” he said with a twinkle in his eyes. “It is not complete, and I regret I cannot let
you into all my secrets just yet, but I promise I will by the time you finish this book.
This map is only an introduction to the territory of Domains. It summarizes only
what I have just told you. Let me show you how to read it.” [The map has been
reproduced in Figure 1.5.]34

“Domains are objects in the Metamodel of Knowledge, as are Units of Measure
and Formats. For this reason, we can call them Meta-objects. Not all Meta-objects
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Figure 1.5 (Partial) Metamodel of domain.
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are shown on this map—not even some you have been introduced to, such as Rela-
tionship and Process. [You will find them in Module 5 on our Web site.] The hierar-
chy at the top of the map classifies different kinds of domains and arranges them in
order of intrinsic information content. Chapter 3 of Creating Agile Business Sys-
tems with Reusable Knowledge shows how these hierarchies help normalize busi-
ness rules.”

“The lower half of the map shows the relationships between various meta-
objects; therefore, they are called metarelationships. The meta-objects are rectan-
gles, and the metarelationships are arrows. To understand the rules, you must read
along the arrows.”

“For example, starting with ‘Quantitative Domain,’ the full sentence along the
arrow reads ‘Quantitative Domain is expressed by one or many Unit of Measure.’
Note that the lower limit (1) on the occurrence of Unit of Measure shows that each
Quantitative Domain must have at least one unit of measure, or else it cannot be
expressed at all. Similarly, the next sentence, starting with Unit of Measure reads
‘Unit of Measure is expressed by one or many Format.’ ”

“The arrow that starts from and loops back to Unit of Measure reads, ‘Unit of
Measure converts to none or at most one Unit of Measure.’ This is the meta-object
(remember, relationships are objects, too) where conversion rules, such as rules for
currency conversion or measurement conversion, reside. This meta-object facili-
tates storage of the conversion rule in a single place.”

“I understand why you have a lower limit of zero—if you had only one UOM,
there is nothing else to convert to,” interjected Robert. “But why did you restrict the
conversion rule to only one other UOM? Cannot yards, for example, be converted
to feet by multiplying by 3, or to inches by multiplying by 36? So right there you
have Yard, a UOM for length related to two, not one, other UOMs.”

“A very perceptive question, Robert,” said Mr. Domain. “Of course, you are
right, each UOM of a Quantitative Domain can be converted to every other UOM.
But remember, the purpose of the metamodel is to avoid redundancy, and you need
only one conversion rule per UOM. You could then navigate to any other UOM in
the domain via a chain of conversion relationships.35 One relationship per UOM is
all you need. Another would add no information. It would be redundant. I once had
a very interesting visitor—I remember his name was Claude Shannon36—who
helped me understand this.”

“It also implies that if you ever create a new UOM for the domain, you have to
add just one conversion rule,” said Robert excitedly. “You do not need a separate
rule for every other UOM in the domain. Boy, isn’t that a nice saving! This object
(conversion relationship) has both the conversion ratio and the rule that tells you to
multiply the value as measured by the source UOM to convert to the target UOM.”

“Note also, ”said Mr. Domain, “whenever you have two or more UOMs for
any given domain, there is automatically and intrinsically a pair of conversion rules
that will let you convert one UOM to the other. This is true whether business is cur-
rently interested in converting between UOMs or not. It just is, and these rules will
apply to any objects that map properties to the domain. For example, the rule for
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Box 5: Conversion Between UOMs

Measurements in any given Difference or Ratio Scaled Domain can be
converted from one UOM to another by multiplying by a conversion ratio. If
one or more UOM (and conversion ratio) is already in use in a domain and a
new UOM is introduced, then we need to introduce only one new conversion
ratio to enable us to convert measurements expressed in the new UOM to any,
and every, other UOM already in use. We do not need individual ratios for
conversion from the new UOM to each of the UOMs already in use. Indeed,
we would denormalize knowledge if we specify each ratio individually; each of
these ratios can be derived if just one conversion ratio is known.

The following example illustrates these real-world facts. In order to keep
the example simple, we have based it on the Length Domain, but the same
arguments will apply to UOMs in any Ratio or Difference Scaled Domain.

Let us assume that doctors in different countries decided that they would
conduct a survey to find the average height of people. Soon after they started
the project, they realized their scales had different units of measure: inches in
Inland, feet in Footland, and meters in Metland. They realized they would all
have to agree on a single unit of measure to succeed. The conversion rules
between inches, feet, and meters are in the following table.

To

From Inches Feet Meters

Inches

Feet ×12

Meters ×3.2808

For example, to find the rule for converting from feet to inches in the table
above, find “feet” under the “From” column on the extreme left, and then
look along the “Feet” row to find the cell under the “Inches” column. That
cell contains the rule “× 12,” which means multiply by 12 (i.e., to convert feet
to inches multiply by 12). Thus, 5 feet = 5 12× = 60 inches. Similarly, the rule
for converting meters to feet is “multiply by 3.2808.” We also know that
division is the inverse of multiplication. Thus, the table contains three atomic
rules.

We need only these three rules to be able to convert between any units of
measure in the table. For example, although the table contains no explicit rule
for converting inches to feet, we can derive it by using the rule that division is
the inverse of multiplication (e.g., to convert inches to feet, we divide by 12).
Similarly, although there is no explicit rule for converting meters to inches, we
can derive it from the information in the table. We can convert meters to feet
by multiplying by 3.2808, and then multiplying the result by 12 to convert to
inches. Had we included the conversion ratio for explicitly converting meters
to inches in the table, it would have been redundant, and knowledge would be
denormalized.
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converting feet to inches will apply to heights of people, dimensions of rooms,
lengths of wire, or any other property that maps to the Length Domain.”

“So you see,” continued Mr. Domain, “even though we have just started, and
our metamodel is still rudimentary, some kinds of reusable components are already
becoming self-evident.” Looking at Jane, who was shaking her head incredulously,
he added, “Of course, you might argue that this is all common sense, and it could
well be; but bear with me, as the metamodel fills out, many other reusable compo-
nents will emerge naturally. After all, we are modeling the nature of nature,” he
added with a smile.

“I can see from the map that much of what we have discussed for UOMs has
parallels with formatting issues as well!” exclaimed Robert. “Now I am beginning
to see, even if it is still just a glimmer in my eye, how the metamodel of knowledge
can help me normalize rules!”
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Had the doctors all used the same UOM, there would have been
no need to convert at all, and there would have been no need for con-
version rules. (Note that the diagonal cells of the table are all blank.)
This is what Robert meant when he said that he understood why the lower
limit of the conversion relationship was zero.

The doctors were uncomfortable using UOMs with which they were unfa-
miliar, and could not agree on which of the three UOMs (inches, feet, or
meters) they would use for their project. They finally decided that to be fair to
all, they would settle on centimeters, a UOM that none of them used. If we
added centimeters to our list of UOMs for length, the conversion rule table
would become:

To

From Inches Feet Meters Centimeters

Inches

Feet ×12

Meters ×3.2808

Centimeters ×0.01

There is only one conversion rule we would add to the table: “Multiply by
0.01 to convert from centimeters to meters.” With this single new rule, we
could convert centimeters to any of the other units of measure in the table. For
example, although there is no explicit rule in the table for converting centime-
ters to inches, we could multiply centimeters by 0.01 to convert to meters,
multiply the result by 3.2808 to convert to feet, and then multiply that result
by 12 to convert to inches. We leave it to the reader to try to convert centime-
ters to the other UOMs in the table. This is an example of what Robert meant
when he said that he did not need to add a separate conversion rule for every
UOM in the domain each time he added a new UOM to the table—adding a
single new conversion rule would be enough.
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“Now that you can read the map, understanding the verbs in parentheses is
easy,” said Mr. Domain. “They merely show the relationship in the reverse direc-
tion (i.e., read in the direction opposite to the arrow). It is called the inverse relation-
ship,37 but more on that later.”

“One more thing, if I may, before we move on,” continued Mr. Domain. “Note
that none of these metarelationships involves time. They are not processes. The
rules just are. There is no data flow or conversion process in the real world. It is just
Knowledge. Later, we will see how these can naturally map to computer implemen-
tation and still stay normalized. We will have to link each implementation to a
single piece of immutable knowledge that just is.”

The Structure of Domains—Perception, Five Senses, and Aliens in the Lost Worlds
of Metanesia Jane was getting a little confused, and felt it was high time she
made her presence felt. “Whoa! Hold your horses there for a moment! I really don’t
understand. What is this fuss about information intrinsic to meaning that exists
beyond any spatial or temporal frame? After all, we can only know about the
existence of information through our five senses. We know about the behavior of
objects that are framed by space and time only because we can see, hear, smell,
touch, or feel them. How can we claim something exists when we cannot see, hear,
smell, touch, or feel it?”

“Good point, Jane,” said Mr. Domain with a delighted smile. “Indeed, you
have raised questions that philosophers have long debated.38 I will have to take you
on a tour of my secret zoo in the lost world of Metanesia to explain.”

“A word of warning, though,” he added a little anxiously. “It is a fantastic jour-
ney, but not everyone returns from Metanesia. Moreover, even if they do, they can
get somewhat eccentric, like my friend Robert here. Are you sure you want to go?”

“I am not going to be scared off so easily,” thought Jane to herself. “Mr.
Domain, or whatever he likes to be called, is probably out of touch with reality. I am
not going to let him off the hook so easily!” To Mr. Domain, she simply said, “Yes, I
am sure I want to go.”

“Come, then, and remember that it was your choice!” Jane suddenly plunged
into a strange stygian darkness. She could not even see the tip of her nose in the
dark. A complete and ominous silence, unlike anything she had ever experienced,
enveloped her totally. She felt strangely disembodied. She realized with some trepi-
dation that she was completely cut off from her senses. She could neither see, hear,
feel, nor smell. Even the taste of the air she used to breathe was gone. Only the core
of her being was left. Gradually, Jane sensed strange presences gathering around
her, and as if from very far away, she heard Mr. Domain.

“You are in the presence of a very powerful alien being. It is not like anything
you have ever known, or can ever imagine. Its senses are completely different from
yours. It does not see, feel, smell, hear, or taste. Yet it knows. Even I do not know
how, and it has a Mind. Even I do not understand its thoughts or perceptions. Be
extremely cautious.”

Jane was beginning to wish she had not accepted the challenge. Oh, wouldn’t it
have been so much nicer to go back to a warm conversation with Jim, even if her jug
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of milk was a tad cold! Anyway, here she was. Slowly she felt a thought forming in
the fringes of her consciousness. It seemed like a question.

“What are you?”
“I am Jane.”
“Do not comprehend response.”
“I am human, 5 feet 6 inches tall.”
“Do not comprehend response. Explain human. Explain tall.”
“Tall is the same as high.”
“Do not comprehend response.”
She heard Robert’s presence replying, “Humans are sets of properties mapped

to space.”
“Now I don’t understand,” thought Jane, “but that’s okay if we can get out of

here.”
“Explain Space.”
“Boy, whatever this thing is, it must be dumb,” thought Jane.
“Careful Jane!”—that seemed to be Mr. Domain.

“Let me try.” (Jane was almost sure that it was Robert responding.) “Space has
three independent attributes that we call three dimensions. Each is mapped to the
same Ratio Scaled Domain that we call length. The three attributes of space are
labeled length, breadth, and width. These attributes are uncorrelated.”39

“Understood!”
“Yes, Robert, as long as you can exchange pure information, any mind, how-

ever alien, will have common ground to understand your message. This being senses
the world in ways we cannot even begin to fathom, and our senses are equally alien
to it. If you talk in terms of things you see, hear, touch, smell, or taste, then it will be
confused.” Jane was sure that this was from Mr. Domain.

Then she sensed Robert’s response. “Understood. However, whatever incom-
prehensible and unimaginable senses it has, it has to be aware of its environment.
That can happen only if it gets information from reality. The same thing is true for
us as well. The common structure of information is the only way we can understand
it, and it can understand us.”

“Oh, get real!” thought Jane.
No sooner was the thought out, when she found herself standing on a sidewalk

with Jim, back in the good old United States of Information. Had it all been a
dream? Jane was sure that Domain’s Metaphysical Diner was somewhere in the
neighborhood. She just couldn’t see it. She has looked for Mr. Domain’s diner ever
since. She has never found it. She realizes Mr. Domain is spread so thin. After all, as
she understood in a flash just before she found herself on the sidewalk, he is every-
where and every when. You can’t really get away from him. Not now. Not ever.

“O World invisible, we view thee,
O world intangible, we touch thee,
O world unknowable, we know thee,
Inapprehensible, we clutch thee!”
—Francis Thompson, In No Strange Land
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1.4 Meta-Objects, Subtypes, and Inheritance

Meta-objects are objects that structure the meanings of objects. They are the com-
ponents from which the meaning of Knowledge is configured. Meta-objects help us
normalize real world behavior (Nijssen’s irreducible facts [297] or Ross’ atomic
rules [294]). The meta-objects we have discussed thus far are:

• Object (the fundamental meta-object);
• Property;
• Relationship;
• Process;
• Event;
• Domain;
• Unit of Measure (UOM);
• Format.

The kinds of rules each meta-object normalizes are shown in Figure 1.6. More-
over, we have seen that behavior and irreducible facts (or atomic rules) are merely
different perspectives of the information content or properties of objects. They are
simple in and of themselves, but are the building blocks of knowledge.

An ontology like that in Figure 1.6 arranges objects in a hierarchy of meaning.
Objects at a lower level are derived from those higher up by adding information.
Thus, Figure 1.6 tells us that the meaning of Process is obtained by combining the
meanings of Relationship (an interaction between objects) and Event (the flow of
time).40 The relationships between objects in an ontology are special. They are called
subtyping relationships. They convey information from higher to lower levels of the
ontology. The lower level object becomes a special kind of higher level object. Thus,
Figure 1.6 tells us that Ratio Scaled Domain is a special kind of Domain via the
chain of subtyping relationships that lead from Domain to Ratio Scaled Domain via
Quantitative Domain.

Thus, we introduce two new meta-objects to our repertoire of meta-objects: the
subtyping relationship, and its corollary, the Subtype. They are key concepts,
because they help encapsulate and normalize knowledge. Shared behavior is nor-
malized in the supertype object, and automatically shared with subtypes by implica-
tion. For example, aging, gender, credit rating, names, Social Security numbers, and
so forth, are common to all people. People could be employees, customers, or both.
Thus, “Person,” the object class, will normalize behavior common to people, such
as aging, gender, and so forth, regardless of whether the person is an employee, a
customer, or both. Thus, Customer and Employee are subtypes of Person. The
subtypes add information that gives them their special meaning. For instance,
Employee adds the employment relationship with another person or organization,
whereas Customer does the same for the purchasing relationship. This is the infor-
mation that Employee and Customer normalize. They inherit the rest of their infor-
mation from Person. This example shows us why inheritance, the subtyping
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relationship, and subtypes are needed to normalize information, and are therefore
critical to the discussion in this book.41

Box 6 shows different kinds of information that subtypes may contain to distin-
guish special behavior of a subset of objects from behavior common to the entire
(parent) class.

Readers interested in a more comprehensive discussion of meta-objects and
their behavior may refer to Creating Agile Business Systems with Reusable Knowl-
edge, published by Cambridge University Press. We will now address how compo-
nents of knowledge can be configured into rules of business, and how inheritance
can automate reuse with an example.
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Figure 1.6 Basic meta-object inventory: kinds of rules each meta-object normalizes.

41. A relationship may connect several objects; the subtyping relationship is a special kind of relationship. Therefore, a subtype may have
multiple parents, a fact inherited from Relationship. Process in Figure 1.6 is an example of this.



1.5 Meta-Objects and the Natural Repository of Knowledge

Wisdom, we saw in Section 1.1, is the symphony of collective knowledge that helps
to move the firm toward its goals. Knowledge consists of configurations of rules.
The most fundamental building block of knowledge, as well as the ultimate

1.5 Meta-Objects and the Natural Repository of Knowledge 31

Box 6: Subtyping Criteria

Object instances may respond to events by changing their state. A change of
state might make the instance a member of a subclass, or remove it from a sub-
class. For example, an unemployed person who is hired becomes an employee.
Employee is a subtype of Person (see the earlier discussion). Similarly, an
employee who is fired skips out of the employee subtype. Thus, individual
objects skip in and out of subclasses in response to events (i.e., their roles
change). Morphism is the quality of having a form or shape. Polymorphism
is the quality of appearing in several apparently different forms. There-
fore, subtypes are often called polymorphisms of their supertypes. This
term will be used frequently in the chapters that follow (see the note on
polymorphism).

A guard condition is a rule that determines whether an event will have an
effect on a particular object or not. For example, a request to revise the terms
of a sealed agreement is not valid. Thus, the sealed state of the agreement is a
guard condition. Thus, guard conditions are just another way of subtyping
objects. We could have divided Agreements into those under negotiation and
those that are sealed. The revision effect would then be a property (behavior)
of only Open Agreements. If the Agreement object were designed thus, then we
would not need a separate guard condition on the parent object to check its
state.

6
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repository of information, is the atomic rule—a rule we cannot break into smaller,
simpler parts without loss of meaning. The meta-objects of Figure 1.6 are the natu-
ral wellspring of atomic rules and the repository of knowledge. They are the home,
and basis of real world meaning.

In this section, we will understand how atomic rules are configured into busi-
ness knowledge, and how reusable components of knowledge naturally emerge
from the meta-objects of Figure 1.6. The intent in this introductory chapter is to
develop a basic understanding. In Creating Agile Business Systems with Reusable
Knowledge, these issues are examined in depth.

A configuration of rules is not merely a loose collection of atomic rules. It has
structure—atomic rules may also be assembled from other atomic rules. Some
atomic rules are reused repeatedly as we polish our business positions with product
and process innovation. These reusable rules are our reusable components of
knowledge. Sometimes entire structures and configurations may be reused to build
specialized domains of knowledge. This is analogous to machinery manufacturers
assembling reusable subassemblies from standard (reusable) parts. These reusable
subassemblies may in turn be incorporated into multitudes of versions and varia-
tions of the end product. Reusability springs from the structures of meta-objects.
Therefore, let us understand how the objects in Figure 1.6 are repositories of atomic
rules.

Let us start by revisiting the simple example in Box 2. Each process in Box 2 is
an object, and they are strung in a chain that shows which process must take
precedence over another. These links are relationships, and therefore objects in their
own right. These relationships carry irreducible facts about mutual dependencies
between processes they connect. Thus, the chain of processes is a structure assem-
bled from atomic rules. It is a very simple configuration of atomic rules.

To understand how atomic rules may be assembled from other atomic rules,
and to understand how subassemblies of rules may be reused, let us take another
example, which is a simple atomic rule common to many businesses: Organization
Ships Product.

The shipment is a relationship between organization and product. It is also an
object in its own right (just as all relationships are). The rule Organization Ships
Product is shown in Figure 1.7.42 Read it as you would Figure 1.5; only remember
that the arrows (i.e., relationships) are also objects in their own right.

Figure 1.7 illustrates two atomic rules:

1. An organization may make many shipments.
2. Each shipment may contain many products.

This is a simple configuration of knowledge. It is just a set of two atomic rules
that are not mutually linked in a structure. The two rules stand on their own.

Now let us examine a scenario that forces change. In the following scenario, as
rules of business change, we will add or alter rules, changing the simple configura-
tion above step by step. As we do this, we will understand how knowledge,
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42. Cardinality and other constraints familiar to advanced business modelers have been deliberately omitted to keep the diagrams simple.
The intent of this chapter is not to be technically comprehensive, but to convey the essential concepts. Readers who would like more
detail may refer to Creating Agile Business Systems with Reusable Knowledge, published by Cambridge University Press.



configured in the meta-objects of Figure 1.6, is naturally normalized in the real
world. We will step through the process of assembling knowledge from compo-
nents, one step at a time, as shown in Figure 1.8.

Assume that the firm had negotiated a flat rate per shipment but the contract
was about to expire, and that the shipping cost will depend on the gross weight of
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the shipment in the new contract. The scope of the shipping model must expand to
include the gross weight.

Assume also that the firm has access to components of knowledge as a part of
an inventory of knowledge artifacts that it has already built and stored in a reposi-
tory. First, we must look for the relevant knowledge in the repository.

We locate the Weight Domain. It is a Ratio Scaled Domain. We understand
(from Figure 1.5 and Box 5) that it must be associated with units of measure and
conversion rules in the structure shown in Figure 1.5. We also understand that
weight can never be a negative number. It is a constraint (i.e., an atomic rule) associ-
ated with the domain. (Constraints are also objects; see [337].) Thus, there is a natu-
ral structure of irreducible facts associated with the Weight Domain. Assume the
artifact in the repository reflects this. This natural structure may then be considered
a subassembly of knowledge stored in the repository. Figure 1.8 shows this struc-
ture (second structure from the left).

When we assemble Shipment with weight, it implicitly and naturally inherits the
entire structure associated with the domain. The units in which shipment weight
might be measured, the conversion rules between these units, and the fact that the
shipment weight cannot be negative are all irreducible facts that flow from the sub-
assembly. We might choose a preferred, default unit of measure to express the ship-
ment weight when we design the business process. Our default unit of measure
might depend on the context. For example, we might prefer kilograms when we
deploy the process in the European Union, and tons when we deploy it in the United
States. In neither context will the structure change. Indeed, it will be common to
both. This is an example of how knowledge is reused.

If the unit weight of the product were also needed, we would reuse the Weight
Domain again. We would assemble the product object with the Weight Domain,
and inherit the same structures and rules. We would not have to redefine these con-
straints, units of measure, and conversion rules separately for shipment weight and
product weight. If a conversion rule changed, or a new unit of measure was added to
the Weight Domain, then it would automatically be available to both shipment
weight and product weight, because knowledge was normalized.

In this next step, we will understand how irreducible facts may be reused to
build other irreducible facts. Assume that the new contract with the shipping com-
pany specifies that all products must be shipped by truck. The atomic rule will read:
Organization ships Product by truck.

First, let us test this rule to validate that it is an atomic rule. Let us check to see if
we lose information when we break the rule into smaller, simpler pieces.

1. Organization ships Product.
2. Organization ships by truck.

Together, the two rules do not necessarily mean that the product will be shipped
by truck. For example, both statements will be true even if the Organization ships
other items (e.g., supplies, documents, and so forth) by truck or by air. Therefore,
we have lost information by dividing Organization ships Product by truck. It is an
atomic rule. We obtained that atomic rule by turning Shipment from a two-way
relationship between Organization and Product into a three-way relationship
between Organization, Product, and Truck. We have created a new atomic rule
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from another. It is a special case of the more general atomic rule from which it was
derived.43 This new structure, and how it was assembled from knowledge artifacts in
the repository, is illustrated in Figure 1.8.

Now, we have another requirement. We find that trucks cannot carry more
than 8 tons (i.e., the gross weight of each shipment by truck must be no more than 8
tons). It is another irreducible fact. This is not a generic constraint attached to the
weight domain; rather, it is specific to shipment by truck. Therefore, the constraint
is attached to Shipment Weight, a property of Shipment (an object in its own right,
as shown in Figure 1.6), and not the Weight Domain. This constraint will not be
automatically inherited by weights that are properties of other objects (for example,
Product Weight), because it is attached specifically to Shipment Weight, and not to
the generic Weight Domain.

The effect of attaching this constraint of 8 tons to Shipment Weight implies that
this property of Shipment now has two constraints.

1. Inherited automatically from the Weight Domain, that no weight may be
negative.

2. Specific to Shipment weight, that no shipment may exceed 8 tons.

The combined effect of both constraints is to restrict Shipment weight to a range
from 0 to 8 tons. The structure on the extreme right of Figure 1.8 shows how these
rules have been configured to reflect knowledge about product shipment.

If we reengineered the process to ship by air as well as by truck, then we would
again use the structure Organization ships Product in Figure 1.8. However, Air-
plane would substitute for Truck in the structure on the extreme right of Figure 1.8.
The weight limitation might also have to change. This is another example of how
knowledge is naturally normalized, and may be reused.

Since the weight limitations imply use of the Weight Domain, all conversion
rules also will be automatically inherited from the domain, and will apply to all con-
straints on weight. In our example, this might facilitate interoperability between
European and United States operations.

See also “The Architecture of Knowledge” on our Web site.

1.6 The Problem of Perspective

“Truth fails not; but her outward forms that bear
The longest date melt like frosty rime”

—William Wordsworth, Mutability

Can real world objects really anchor reusable components of business knowledge,
even as scopes and rules shift? Will subtyping and inheritance truly defeat the dark
forces of chaos? Our world is complex, driven by learning, change, opportunity,
threats, and competition. To defeat chaos, we must normalize knowledge in the
right objects and subtypes. Otherwise, objects will not inherit the behavior they
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43. The Universal Perspective and the Metamodel of Knowledge have the most frequently used generalized rules, a starting point for reus-
able components.



must, and might inherit behavior they should not. (We call this inheritance by mis-
take; see the example in Box 8.) How can we identify the right objects in a shifting,
chimerical world? This is the problem of perspective.

As many practitioners know from bitter experience, objects alone cannot nor-
malize and encapsulate reusable knowledge, nor can subtyping and inheritance by
themselves defeat the forces of complexity and chaos, because both come up against
the problem of perspective. The world is a chimera, and so is our perception of it.44

What Is Perspective? We understand the world around us by experiencing
its behavior. We seek its meaning by forming concepts of what behavior is
shared by what objects, and what is special to each. These concepts are based on
our individual experiences and perceptions. Not only are our experiences and
perceptions different, but also two people will never think exactly alike. Therefore
our concepts (i.e., generalizations of what is shared and what is special), are
naturally different. For example, a physicist might say that a rock thrown by a child
and a shell fired from a field gun are similar, because both follow trajectories with
similar shapes, under the influence of the same forces (e.g., gravitation and air
resistance). On the other hand, a general might say that the shell and field gun are
similar, but not the rock, because both the gun and shell are complementary
weapons of war that must be issued from his inventory, whereas the rock is a
child’s toy.

What do differences in perspective mean to objects that try to anchor knowl-
edge? Our concepts of shared behavior are generalizations. They are object classes,
sometimes abstract, like the meta-objects we recently discussed. These object classes
and subtypes anchor the shared behavior of objects we perceive. Since each one of
us generalizes and specializes our perceptions differently, many of our concepts may
not match those of others. Objects and relationships are sets of properties based on
classification of common behavior of things we experience. Each object may have
several features and group several behaviors; hence, we may not agree on object
classes and relationships themselves—a fundamental problem on which many soft-
ware projects have foundered.45

Indeed, as scopes shift, new behavior is recognized and old constraints retired.
The same individual may change the way he or she classifies common behavior. (His
or her perspective changes its state. Did that just happen to you in Box 7?) Object
classes become chimerical, and the object model becomes a chimera, which is yet
another cause for chaos instead of a firm anchor of reusable knowledge. Almost
every data and object modeler has experienced this problem.

We have replaced the domino effect of change ricocheting and rippling through
unintentionally replicated and unmanaged knowledge in the system with two other
problems (see the examples in Box 8):
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44. See the note on Multiperspective and Facet Modeling.
45. Some analysts have proposed that we do not try to classify objects intuitively. Instead, they suggest that we mathematically analyze simi-

larities between objects in terms of their properties to group them into object classes and subtypes [283]. While this approach may be
useful, it will not guarantee stable object classes. If the scope of the process changes so that some properties under consideration change,
the classification scheme may also change. The inclusion or exclusion of behavior may change affinities between object instances, which
in turn can change the taxonomy of objects and relationships. This happened because we did not address the root problem; we only
mechanized it. Facet Modeling, described in the note on Multiperspective Modeling, is another approach in which aspects of an object
might be reused. For more information, see [13, 15, 21, 23, 53].
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Box 7: Perspective Is an Object

Do you see two people in a private conversation or a chalice in the figure
above? What you see depends on how you classify the white and black spaces
in it—which color is empty and which is solid. Perspective is a point of view. It
is also a model. It is the entire structure of interconnected objects that
anchor knowledge—classes, aggregations, relationships, constraints, state
spaces, domains, effects, and all the other meta-objects in [337], glued to each
other in a structure we call knowledge, or more modestly, our perspective of
knowledge. It is also an object in its own right—an aggregate object with a
structure. Each individual’s perspective is an instance of a model. If the model
changes in response to new information or an insight, it has changed its state.

Often the changes are minor—a new attribute, a new relationship, an
additional effect, or a new subtype. However, sometimes the change can be
fundamental. The classification scheme—the objects and relationships them-
selves—may change.

Consider why the same underlying reality can appear very different from
different perspectives. Object instances are things or concepts that have prop-
erties. Some properties are shared with one set of things, and other properties
with other sets of things. It follows that the same thing might belong to differ-
ent object classes when perceived from different perspectives. Changing per-
spectives can change entire classification schemes, which can have a very a
profound effect on the model.

Consider what happens when classification schemes change. Object
classes are classification schemes based on similar properties of object
instances—all properties of instances in a class do not always match. Match-
ing properties are shared, and the others are not. We manage shared properties
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1. Inheritance by mistake—wrong behavior was inherited because our object
taxonomy was incorrect, or became incorrect when scopes and
perspectives changed.

2. Inheritance deficiency—behavior that should have been inherited by an
object was not, because the object taxonomy was defective, or became
deficient in a new scope and a different perspective.

The example in Box 8 was too simple to be real. It involved only two analysts
(you and Jim); three objects (Bill, Payment, and Document); and one subtype (Bill,
with two parents, Payment and Document). Even in this simple example, there was
ample room for both kinds of mistakes: Inheritance Deficiency and Inheritance by
Mistake. In the real world, object instances might share some, but not all, behavior.
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with the concept of superclass (supertype), and unshared properties
with the concept of subclass (subtype). A subclass is meaningless with-
out a superclass; if a superclass disappears, so must all its subclasses.
Thus, if entire objects vanish, then they take with them all their relationships,
constraints, and subclasses, and their relationships and constraints as well.

Thus, when classification schemes (i.e., taxonomies) change, they can
have a domino effect on the entire model, sweeping away entire subclasses,
along with myriads of relationships, constraints, partitions, and all other
structures that relate objects and subclasses into a consistent and cogent con-
figuration of knowledge. New structures might have to take their place. New
and old structures are objects, too. The appearance of the new and the dissolu-
tion of the old may impact other structures, which in turn have other impacts.
Thus, change can ripple through the entire structure of knowledge until it set-
tles into a new configuration (and the possessor of the change perspective
thinks, “Aha—now I understand!”). It is called a paradigm shift—a different
model of the world, or a perspective that has changed its state quite radically.

This is why we need the Universal Perspective with its universal object
classes and relationships to pin down widely shared ideas about business and
reality. The secret of these universal objects46 that anchor knowledge firmly
from every possible perspective is not hidden in some arcane and abstract
detail. Rather, it is explicit in the sweeping generalizations that can withstand
the incessant pounding of continual change and the immense diversity of cre-
ative thought and innovation. The Universal Perspective consists of objects
and structures that masquerade as apparently different objects in different per-
spectives, but are actually different states, roles, and compositions of universal
objects. Thus, understanding universal objects and the Universal Perspective
help us pin down the essence of universal reality and the unity of all perspec-
tives. All perspectives are states of the Universal Perspective. Paradoxically,
the Universal Perspective is changeless, because it underpins change. It is this
Universal Perspective we seek to solve the problem of perspective.

7

46. Remember, relationships are objects too.
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Box 8: An Example of the Problem of Perspective

Consider a bill in an accounts receivable system. You might be justi-
fied in considering it to be a request for payment, and hence a state of an object
called Payment. You have just generalized two key business concepts: Bill and
Payment. The bill is now a subtype of payment, and it inherits various proper-
ties of payment, such as currency of payment, the payee and payer, due date,
goods and services being paid for, and so forth. You are quite satisfied that you
have normalized and reused the behavior of payment, and are certain that
other applications will be able to reuse this intelligence. You store it as an arti-
fact in an electronic repository of business components.

In the meantime, your company has expanded its global operations, and
has key customers in non-English speaking countries. Speedy international
cash flows are critical to growth. Raising electronic bills in the language of the
customer is the key to strengthening the relationship with international cus-
tomers and getting paid on time. The plan is to send bills to customers in the
language of their choice, using e-mail. An electronic copy of e-mailed bills will
be retained in your employer’s database.

The billing system must be enhanced, so that each customer’s bills can be
formatted in his or her language of choice. Your repository of knowledge
artifacts has an object called Document, with special translation behavior
attached to it. Jim, a billing analyst, finds your knowledge artifact, called Bill,
in the repository classified as a kind of Payment. He is puzzled. “A bill,” he
thinks to himself, “is not a payment—it is a document we send to customers! I
know Documents already have an automatic translation facility attached to
them. If I make Bill a subtype of document instead of a kind of payment, then
my translation problem will be solved.” He proceeds to do just that. To his
dismay, bills can now be translated into the customers’ languages, but have
lost all payment information (e.g., amounts, currency, due dates, and so
forth), because Bill is not a subtype of payment any more.

Jim brings the problem to you. You realize at once that it is an Inheritance
Deficiency caused by a deficient taxonomy of objects. You look Jim in the eye
and sagaciously suggest, “Why not make Bill a subtype of both document and
payment? That way we will inherit all the behavior we need.” Jim is
impressed, thanks you, and does just that. He is quite happy until John, the
billing manager, approaches him. John tells Jim that his staff has a problem
trying to understand foreign language bills. He wants two copies in the firm’s
database—one in English, and the other in the customer’s language. The Doc-
ument object is a supertype of Bill, and has copying behavior attached to it.
Jim thinks John’s request is as good as done. The bill would have automati-
cally inherited this copying behavior from Document.

All hell breaks loose when copies of the bills are made in English. From the
perspective of Bills being a request for Payment, duplicate requests for
payments are being logged against customers in the firm’s accounts receivable
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Worse, any given object instance might share different kinds of behavior with
instances of different kinds of objects. Analysis teams may be large, and each ana-
lyst may have his or her own unique perspective. How much greater would be the
real world risk! Larger teams, more perspectives, more objects, and more multiple
inheritances from larger numbers of supertypes all together represent an ideal recipe
for chaos!

These issues stem from the problem of categorizing behavior cogently, a need
which has been left unresolved for 40 years from the time of the first formal business
model. We are still stuck with it.

Does a Universal Perspective Exist? What is the solution? To group behavior
cogently, we must have cogent objects; to get cogent objects, we must solve the
problem of perspective; to solve the problem of perspective, we must seek common
ground. We know we can seek common ground, because we know individuals
perceive the world partly from their own unique point of view, and partly from
widely shared ideas generic to the world of business, or imposed by the physical
world. Without these shared ideas, each one of us would be forever condemned to
our own private universe. We would not understand each other, nor would we be
able to work as a team. We know our perspectives can converge quite rapidly when
we model simple situations based on these shared ideas. It is much harder when our
models are broad in scope and complex in detail. To handle the industrial strength
models of today, which span complex corporations and even cross corporate
boundaries, we need a more robust anchor. We need a Standard Universal
Perspective—a model that will subsume individual perspectives, even as it allows
the free play of diversity in support of individuality, innovation, and creativity.

“Without stability or change, Eternal, it has no origin and no end.”

—Adapted from The Gospel of Buddha by Paul Carus

Does the universal perspective exist? Is it possible to define universal classes that
will allow the free play of individual differences and creative thought, or must we be
forever chained to the chimera of perspective? Widely shared ideas about business
and reality underpin our perceptions, and because of these widely shared ideas, it is
possible to define universal classes of objects that encapsulate shared knowledge. It
starts with the Metamodel of Knowledge in [337].

These universal object classes anchor knowledge firmly and coherently from
every possible business perspective. They create a pattern—a standard perspective
that other perspectives can add to, but one which will not have to change to satisfy
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system. Customers are understandably upset, and the firm’s global
position has become vulnerable to competition. This is an example of
Inheritance by Mistake, and is just one instance of how the problem of
perspective can cause chaos.47
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their requirements. Thus, this pattern, like the chassis of a car, is a component that
connects standard and custom parts to make the entire unit work. The Universal
Perspective grows from it.

Standard parts are the universal object classes in the Universal Perspective.
These objects normalize shared ideas. Custom components will inherit this shared
wisdom, and will add the special behavior and creative ideas that innovative busi-
nesses formulate to prosper and excel, even as the universal pattern of shared ideas
in our “chassis” automatically and naturally integrates special behavior with other
processes within, and even beyond, the firm.

The metamodel and the Universal Perspective together will defeat the forces of
chaos, but there is another practical, and equally important problem that we must
overcome to make them one team. It is the tyranny of words.

“As shadows wait upon the sun
Vain the ambition of kings.
To leave a living name behind
And weave but nets to catch the wind.”

—John Webster, Vanitas Vanitatum

The Tyranny of Words What is in a name? Everything! Names are the labels for
our concepts, and the means of communicating these concepts to others. Every data
administrator knows the tyranny of words, and those that work for large
corporations know how intractable it is. Different groups and organizations often
need very similar concepts, but call them by different names; different groups also
may have the same name for very different concepts. It is a recipe for confusion
when organizations merge, or seamlessly integrate business processes and systems.
It is also a culture: attempts to standardize names for concepts across organizational
borders usually generate more heat than light. A seemingly trivial problem of syntax
can take up disproportionate amounts of organizational time and resources.48

The Tyranny of Words emerges from the metamodel of knowledge—that the
concept is different from its label and the same object may have many names (i.e.,
name itself is a class of objects that consists of individual instances of name). Differ-
ent (instances of) names may be preferred in different contexts. The context is the
perspective.49 These concepts are the anchor for the rules in Figure 1.9. (Read it as
you did with Figure 1.5.)

In many situations, it might be best not to standardize names. The problem can
be quite intractable when deeply entrenched, long-standing interest groups clash
over choices of names—there are so many concepts to name in any real business!
Consider that battling over names may not only be an exercise in futility—it can
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48. Recently there has been an interest in standardizing vocabularies across value chains (Module 5, Section 3, on our Web site addresses
value chains; see Figure 2.22 of this book). Value Chain Markup Language (VCML) from Vitria Technology, Inc., is one such initiative.
VCML defines a value chain as “a network of all of the business partners and transactions in a supply and demand chain from raw mate-
rials and subassemblies to the consumer. A value chain spans vertical and horizontal relationships within and across industries. It
addresses relationships with all parties participating in designing, manufacturing, financing, marketing, delivering, and supporting a
product or service.” VCML standardizes vocabularies to facilitate B2B collaboration. VCML models have been published for aero-
space, automotive, banking and finance, education, energy, government, healthcare, insurance, petrochemical, retail, telecommunica-
tions, and transportation industries. See [65], or visit http://www.vcml.net/.

49. In facet modeling, all properties of an object, not just its name, are said to belong to an aspect of the object. Instead of linking a property
of an object directly to the object, the aspect is linked to the object. For more information see the note on facet modeling, or [13, 15, 21,
23, 53].
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Box 9: Synonyms and Homonyms

Different names for the same concept are called synonyms, and a sin-
gle name for different concepts is a homonym [48].50

For example, backbone is a network of broadband connections between
switches for the telecom industry, and the spinal bone in our backs for the rest
of us. It is a homonym. Similarly, SDLC is an abbreviation for Systems Devel-
opment Life Cycle for the information systems professional, and Synchronous
Data Link Control, a kind of data transmission protocol, for a network profes-
sional. Thus, SDLC is also a homonym.

A word can be a synonym and a homonym at the same time. For instance,
most of us know that an account for a salesperson is a synonym for customer,
but to an accountant, it means a category of expense or revenue. Thus,
account is both a synonym and a homonym.

Synonyms are common even within the same industry, and even within the
same firm. For example, in a major telecommunications company, the opera-
tions departments identified central offices51 for telephone switching facilities
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50. Synonyms and homonyms are states of names. When a single name has a naming relationship with more than one concept, it is a hom-
onym. When a single concept has a naming relationship with more than one name, each name is a synonym. See Figure 1.9.

51. A central office (CO) in the telecommunications industry is a switching center in which telephone trunks and loops are terminated and
switched. Some synonyms for central office in the telecommunications industry are telephone exchange, switching center, switching
exchange, and even switch.



bring the entire exercise into question—but also that unfamiliar names might actu-
ally sow confusion and become a barrier to creativity. Remember our intent is to
make change easier—not harder!

Instead of standardizing names, the group that administers the universal per-
spective might have its own label or name for each concept (object) that can be the
hub around which all its synonyms revolve. See Figure 1.10. It shows three perspec-
tives of two objects with several names each. The Primary names (and objects) at the
core are shared, but hidden from all three perspectives. Perspective 1 has one name
for object 2, a name that means the same thing to perspective 2 as well, and six syn-
onyms for object 1, one of which is a name for object 2 in perspective 2. Thus, it is a
homonym. Perspective 2 has six synonyms for object 2, one of which is a name per-
spective 1 uses for object 1. Perspective 3 has a name for object 1 that it shares with
perspective 1, and another for object 2 that it shares with perspective 2.

The primary name, or Concept ID, can pin down the concept and anchor all its
other names and synonyms. In this way, not only can default names be different in
different perspectives and still map to the same concept, but users can also see and
understand how other groups have named their concepts in the repository of knowl-
edge. These synonyms and other names of an object will be aliases for the object.
For clarity, the Concept ID should be crisp, and never be a homonym. The concept
is the key to meaning, and we must focus on its meaning.

Thus, if this structure of knowledge is stored in an electronic repository, then
each stakeholder need only be aware of names in his or her own perspective. There
may be synonyms in a single perspective, too. The homonym between the two
objects has a different meaning in each context (perspective), but those who hold
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at least one
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must have at least
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Each person or organization
must hold at least one
perspective, perhaps more

Figure 1.9 Name is an object class linked to perspective.

with a CLLI code (pronounced “silly” code), whereas commercial
departments called the identifier Sensor ID. Senior managers and pro-
fessionals, including many who had been with the firm for several
decades, had no idea that the other half of the firm used a different word for the
same concept—a concept that was central to their business.
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one perspective can be aware that it is a homonym, and will be free (to use the repos-
itory) to look up its meaning to others.

The naming structure should be embedded in the Standard Unified Perspective
we recently discussed. This “chassis” of shared perspective is a firm anchor for
every possible perspective that emerges from the Metamodel of Knowledge in [337].
The Standard Universal Perspective springs from the Metamodel of Knowledge,
because that metamodel provides the abstractions that group common behavior
and keep knowledge normalized. Thus, to solve the problem of perspective, we will
need to understand both the Universal Perspective and the metamodel of knowledge
that is its fountainhead.

The intent of this introductory chapter was to give you a “feel” for the
Metamodel of Knowledge and some of its key components. The next chapter will
describe the Universal Perspective. It will show how business meanings are compo-
nents configured from other, more elementary meanings. Many of these base mean-
ings lie within the Metamodel of Knowledge. Creating Agile Business Systems with
Reusable Knowledge by Cambridge University Press elaborates on the Metamodel
of Knowledge.

Even if you have not read the above-mentioned book, a healthy dose of common
sense is all you will need to understand the Universal Perspective in the next chapter.
However, if you must know the rules, laws, assumptions, and abstractions that have
shaped the Universal Perspective, then we suggest you read Creating Agile Business
Systems with Reusable Knowledge.

44 On Components and the Nature of Reality: Introduction to the Metaworld
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Figure 1.10 Primary Names, Perspectives, and Aliases.



C H A P T E R 2

The Universal Perspective: Scope of Business

Rama: “When there are countless universes arising and dissolving in the infinite …
why do you teach me of their nature?”
The Sage Vasishta: “In that way you have … gained knowledge of the relationship
between a world and its meaning, or the object it denotes … In every atom of this
existence are countless universes—who has the power to even count them?”

—The Yoga Vashishta, an undated treatise from ancient India

This chapter describes the Standard Universal Perspective. The first part of the
chapter describes a hierarchy of business meanings. These meanings are objects.
Objects at lower levels of the hierarchy are polymorphisms of the higher-level
meanings. These universal polymorphisms normalize shared business rules that
connect functions of enterprises, and even complex supply chains, into cogent busi-
ness models that create and deliver economic value. This chapter then identifies the
semantics of universal normalized interactions between these objects. These pat-
terns are expressed in object models.

The chapter concludes by describing how these primal patterns of business
information can be used to integrate and engineer business processes and informa-
tion systems. It also describes how business process engineering may be automated
with a shared repository of knowledge, and lists the kind of infrastructure that
would be required to utilize such a repository.

The Universal Perspective is a pattern. It is a pattern that underpins our under-
standing of business—a pattern of information, a scope, and a context. The Univer-
sal Perspective is a shared pattern of understanding; therefore, the Universal
Perspective is a pattern that connects.

It is not only a shared pattern of understanding that helps businesses communi-
cate, but also a shared pattern that glues together myriad aspects of business and
entire supply chains. It is the home of those few, but simple, rules of business that
are used most often, and within these rules lie the core values found at the heart of
every business. These rules are also those that are the most critical to every business.
Indeed, the Universal Perspective creates the very meaning of business.

The Universal Perspective is important because it weaves the enormous diver-
sity of models and perspectives into one harmonious whole. It glues the uncountable
expressions of detail and viewpoints into one composition. It is a pattern of unity in
diversity. The Universal Perspective subsumes, transcends, and connects individual
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understanding. It is a pattern of connection, because it is the meeting place where
meanings join and melt into their essence. It unites, because it is the essential pattern
that weaves diversity into one cogent and coherent whole.

Think of the Universal Perspective as a hub from which all perspectives radiate
like the spokes of a wheel. In the timeless stillness of the hub lies the silent conflu-
ence of myriad streams of thought. The hub draws them together inexorably, as it
weaves these diverse threads into a pattern, a harmony at the heart of the hub, a har-
mony born of the confluence of meaning.

This hub, a unifying pattern, binds the diverse. Sometimes these diverse per-
spectives might even be apparent opposites, or even perspectives that clash in noisy
conflict, yet the Universal Perspective at the heart of this spinning hub is their foun-
tainhead.

The Universal Perspective is a primal pattern that can bind and hold the similar
and diverse alike in harmony, because it seeks their common essence. In doing so, it
normalizes those few rules that are used most often in the vast diversity of thoughts
and concepts that create businesses and frame their uncountable polymorphisms.
Thus, every business concept, old or new, creative or conventional, becomes a poly-
morphism of this universal pattern.

This chapter will lend substance to the shadowy concepts hidden within the
Universal Perspective, and its abstract parent, the Metamodel of Knowledge in
[337]. Indeed, together they are the Universal Pattern and the wellspring of
meaning.52

2.1 Universal Perspective, Universal Pattern

“Up from earth’s center through the seventh gate
I rose, and on the throne of saturn sate,
And many knots unravel’d by the road;
But not the knot of human death and fate.”

—The Rubaiyat of Omar Khayyam

Widely shared ideas about business and reality underpin our perceptions, and
because of these widely shared ideas, it is possible to define universal classes of
objects that encapsulate shared knowledge. These universal object classes anchor
knowledge firmly and coherently from every possible business perspective.53 They
are a pattern—a standard perspective that other perspectives can add to, but one
they will not have to change to satisfy their requirements. It subsumes them all.

46 The Universal Perspective: Scope of Business

52. A fundamental premise of the Metamodel of Knowledge is that a single meaning may have several expressions. The equivalence of mul-
titudes of expressions is not always obvious. Moreover, their equivalence may be context sensitive; that is, in a given region of informa-
tion space, the expressions in question may always yield identical results, but may diverge outside it. Readers interested in more
information may refer to [337], the note on lambda calculus, and publications on the topic in the References.

53. Cross-industry process integration and corresponding standards have been driven by the growing realization that competitive advantage
lies in positioning the entire supply chain competitively, not just positioning individual suppliers and corporations. Value Chain
Markup Language (VCML) is a recent standard that was formulated in support of this need. VCML is an XML-based standard. VCML
includes an industry-specific vocabulary of commonly used objects. This vocabulary also includes rules for cross-industry translation of
vocabularies. The industries covered thus far have been listed in Chapter 1 under The Tyranny of Words. This list is likely to grow. See
also [65] and http://www.vcml.net.



Every model of business is a polymorphism of this universal pattern. The secret
of the Universal Perspective lies not in detail, but in generalization. Only the general
can withstand the intense pounding of continual change compounded by the diver-
sity of creative thought and innovation.

The Universal Perspective is not the result of business concepts generalized at
random. The generalizations in the Universal Perspective are resilient because they
are special kinds of generalizations. They flow from the Metamodel of Knowledge,
polymorphisms of the normalized knowledge therein.

The Universal Perspective is the entire structure of interconnected objects that
anchor knowledge—classes, aggregations, relationships, constraints, state spaces,
domains, effects, and all the other meta-objects described in [337], glued to each
other in the structure we call knowledge, or more modestly, our perspective of
knowledge. It is also an object in its own right—an aggregate object with a struc-
ture—an object composition.
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Box 10: Aggregation, Composition, Relationship, and Process

An aggregate object is a collection of objects. Its internal structure, the
nature and existence of associations between its constituents, may or may not
be known; all that we need to know is that the aggregate is a collection of
objects. When the relationships between objects in a collection are known, it is
a composition. A composition is a kind of aggregate—a subtype. An aggregate
may be an aggregation either by decree, or based on specific aggregation crite-
ria. For instance, an object class is a special kind of aggregate, based on com-
mon features. Relationships may also be compositions, a fact inherited from
the generic meta-object we discussed in Chapter 1. For instance, consider the
relationships “Person lives in House” and “House located in Town,” con-
nected serially create a relationship “Person lives in Town.” It is a
composition.

Thus, any model is also a composition. Indeed, any network of associa-
tions within the model is also a composition. The aggregate object will nor-
malize information that its constituents do not—for example, the number of
objects aggregated. Although it might be counterintuitive, an aggregation
might even be empty—an aggregation with no members that normalizes the
fact that the object count of the collection is nil.54
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House Town
Located in 1
[location of 1 or more]

Live in 1
[lived in by 0 or more]

Person
Live in 1
[lived in by 0 or more]

54. See the empty set in Box 19 on our Web site.
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One kind of derived relationship is also called a transitive relation-
ship. For instance, Person lives in Town is derived from the two relation-
ships in the composition above. A transitive relationship adds no new
information, and should be omitted if the composition it was derived from is
included. Otherwise, information will be replicated and not normalized. See Mod-
ule 5, Section 1, on our Web site.

A Relationship may also be derived from another relationship by adding
information to the original, and thereby subtyping it. These are called
polymorphisms. Thus, a generic “assembly” relationship between machine parts
and a machine might assemble parts into a machine. A relationship for assembling
cars from car parts will be a polymorphism of the generic Assemble relationship.
The assembling of a car is called an inclusion polymorphism of the generic Assem-
ble relationship, because Assemble includes the meaning of assembling cars. See
the note on polymorphism, which is also discussed in detail in [337].

A relationship may also loop back to the same object class. For example, a
Person may represent Person. These relationships are called recursive relation-
ships. Some recursive relationships (like represent) may be permitted to loop back
to the same instance of an object. These are called reflexive relationships. Others
(e.g., self help) might have to always loop back to the same instance of the object.
These are called idempotent relationships. Some, like Person may be parent of Per-
son, might be barred from looping back to the same instance of the object. These
are called irreflexive relationships, as described in Module 5, Section 3, on our
Web site.

Figure 116, Module 5, Section 4, and Module 6, Section 1, all on our Web site,
show why reflexive relationships are polymorphisms of recursive relationships,
idempotent relationships are polymorphisms of reflexive relationships, irreflexive
relationships are polymorphisms of idempotent relationships, and nonrecursive
relationships are polymorphisms of irreflexive relationships.

A symmetrical relationship is the same as its inverse (e.g., Person is relative of
Person; the relationship reads the same in both directions). An asymmetrical rela-
tionship must read differently in forward and backward directions; its inverse
must be different from it (e.g., the inverse of Person is parent of Person is Person is
child of Person; the child cannot be his or her own parent). An antisymmetrical
relationship is a recursive relationship that is asymmetrical, except when it loops
back to the same object instance (e.g., arithmetic subtraction; the order of subtrac-
tion matters, unless a number is being subtracted from itself). Module 5, Section 4,
on our Web site, shows that asymmetrical relationships are polymorphisms of
symmetrical relationships (e.g., parent of is a polymorphism of relative of),
idempotent relationships are polymorphisms of antisymmetrical relationships,
and antisymmetrical relationships are polymorphisms of reflexive relationships.

In Chapter 1, we discussed how processes are temporal relationships. A pro-
cess relates resources with its products. The resources must come before the prod-
ucts. Thus, adding information on the flow of time to any relationship (or
composition) turns it into a process. This makes process a polymorphism of rela-
tionship. Resources may also be consumed by the process. Consumption of a
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resource includes any alteration to the resource (i.e., state change).
The altered resource is considered a product. Products may also be
waste products. Catalysts are resources that are referenced, but not
consumed. Shorn of information on resources and products, a process
becomes a mere event—an interval in time. A Moment is a time interval of
negligible duration.

A process may be the responsibility of a person or organization. There are
different kinds of roles a person or organization may play. These include:

• R: The process owner is responsible for the overall quality and relevance
of the process;

• A—Authority: The person or organization is responsible for supervising
the process, usually a role delegated by “R”;

• W—Work: The person or organization who executes the actual process;
• C: The person or organization is consulted in the execution of the pro-

cess;
• F—facilitator: Usually used in collaborative processes, this person or

organization coordinates the smooth running of concurrent engineering
or collaborative processes, in which several parties must collaborate
concurrently to create work products.

In this book, these ownership roles will be collectively termed “RAWCF”
parameters of a process. See detailed discussion in Module 5, Section 3, under
Process Ownership, on our Web site.

The knowledge that a set of objects interacts in some unspecified way (i.e.,
involve each other) is the most basic of relationships. All relationships are
polymorphisms of “involve.” Relationships have two basic properties: (1)
Order, the number of distinct object instances tied into the relationship; and
(2) Degree, the number of distinct object classes tied together by the relation-
ship. Relationships of a degree larger than 2 are called “higher degree” rela-
tionships, and those of an order greater than 2 are called “higher order”
relationships. Relationships may also be constrained in different ways. Con-
straints (and other added information) create polymorphisms. One constraint
is the cardinality constraint—constraints on occurrences of the relationship,
or limits (upper, lower, or both) on numbers of source and/or target objects
the relationship may link (see the figure in this box).

The existence of a relationship may mandate the existence of another, and
vice versa. This is called a mutual inclusion or set equality constraint between
relationships. The existence of a relationship might bar the existence of
another. This is the property of mutual exclusivity between relationships. The
existence of a relationship may mandate the existence of another, but not vice
versa. This is a subsetting constraint between relationships—the subset may or
may not exist if the superset does, but the superset must exist if the subset
exists. These properties flow from constraints on the order and degree of
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relationships, and have been discussed in detail in Module 5, Section 1,
on our Web site. See Figure 74 on our Web site.

Objects also may limit the number of relationships they may have
with other objects. The cardinality constraints on relationships are inherited
from this feature of the generic meta-object. Constraints may be imposed at
both class and instance levels. For example, business rules might dictate that a
person, an instance of an object, may participate (a relationship) in only one
project (another object) at a time. This is an upper bound on the cardinality
ratio of Participate, a relationship between object classes Person and Project.
Assume we change the rule. We allow a person to divide his or her time
between at most five projects. The upper bound on the cardinality ratio of Par-
ticipate has become five instead of one.

Along with special projects inside the firm, the individual may spend time
with the firm’s customers. Then, his or her time must be divided between cus-
tomer care and internal projects. The total number of feasible relationships that
employees may have with projects and customers may then be in question. The
model may require that the upper bound limit the total cardinality ratio, rather
than the cardinality ratios of relationships between employees and projects,
and employees and customers separately.

Thus far, participate, the relationship, has conveyed only nominal informa-
tion on a person’s participation in projects and customer care. At the instance
level, it has only told us whether a person is, or is not, associated with a specific
project and/or a specific customer. It has not said how much of the resource
(person) will be consumed by the project or customer, nor if all projects and
customers will consume his (or her) time and effort equally.

The relationship can be more informative than this. For instance, it could
tell us that one project might consume twice as much time as another, as might
one customer consume twice as much time as another. The time an individual
can devote to projects and customers may be limited. Thus, there are two
interdependent items of information involved—an individual’s capacity to par-
ticipate in relationships, and the quantum of that capacity depleted by each
relationship. The capacity for participation is an attribute of the object and
normalized by it, and the capacity consumed is an attribute of each relation-
ship, and is normalized by the relationship. Each relationship between
instances of objects may not only convey the fact of association, but also how
much of an object’s capacity for association with other objects it consumes.
Thus, the capacity for association locked up by a relationship may vary by rela-
tionship class or by relationship instance. Capacity has been discussed in more
detail under Compositions of Relationship in Module 5, Section 1, on our Web
site. Size is a polymorphism of capacity. Capacity stems from relationships in
general, and Size from the containment relationship discussed in Box 12. It is
an inclusion polymorphism of capacity. Size can have different
polymorphisms. Each polymorphism of containment is a potential polymor-
phism of Size. For example, a constraint on how many people can live in a
house is a polymorphism of size that stems from the Live in relationship, which
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In order to subsume all perspectives and yet capture their common essence, this
primal composition cannot be information-rich. It must necessarily be information-
sparse. It is timeless in its Spartan sparseness. Therefore, it cannot be a process. It is
a static model, but one that can metamorphose into processes, and even supply
chains, as Time seeps through the objects it holds.

“Ordinary” occurrence relationships between object classes are among the
most information sparse structures in the metamodel of knowledge (see Box 10).
Therefore, it is hardly surprising that the Universal Perspective will consist of an
object model that glues together generic business objects with exactly these kinds of
relationships. These relationships will metamorphose into processes, succession
constraints, rule expressions, and even supply chains, in step with the information
we add to them.

However, before we can articulate these relationships between objects, we must
first identify what these fundamental business objects are. Only then will we be in a
position to articulate the common relationships that bind them into timeless truths,
a composition at the heart of the Universal Perspective. Thus, the Universal Perspec-
tive consists of the Metamodel of Knowledge, fundamental business objects, com-
mon of polymorphisms of these objects, and their relationships. Together, they
create a pattern. It is this pattern that we call Universal Perspective. In the following
sections, we will build the Universal Perspective step by step, one step at a time. Ref-
erence [337] describes the Metamodel of Knowledge in detail.

2.1.1 Stock Themes of Business—Polymorphisms of Fundamental Objects

Fundamental business objects are polymorphisms of the inchoate meta-object of
Chapter 1. This inchoate object is a pattern of pure information.55 The objects in
Figure 2.1 are the most basic of business meanings, and the root of all themes shared
by businesses.

2.1 Universal Perspective, Universal Pattern 51

in turn, is a polymorphism of containment. The floor space of a house
is another polymorphism of size that stems from a containment rela-
tionship with the area domain. See Module 4, Section 3, Reusing
Knowledge—Building Upon the Old, Rule 2, on our Web site.

Occurrence of a relationship also may be enriched with additional infor-
mation on sequencing and quantitative calculations. For instance, monetary
value is related to price and quantity via arithmetic multiplication. This is a
quantitative relationship. It carries more information than merely asserting
that price, quantity, and monetary value are mutually associated. Adding
information to an object creates subtypes. Thus, these are all different ways in
which relationships may be subtyped.

Aggregate objects, compositions, relationships, and processes have been
described in much more detail in Module 5 on our Web site.
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55. Reference [337] discusses how the meta-object is a pattern of pure information that asserts the meaning of All, which is a mathematical
value discussed in Box 51 on our Web site. The mathematical value Any is discussed in Module 5, Section 4, on our Web site.



Each object in Figure 2.1 is a polymorphism of the primal object, and will be dis-
cussed in this section. Each also may be a resource used by a process. Even events and
processes could become resources for processes. Events or processes that trigger pro-
cesses in a chain are no different from other resources in the before-and-after rela-
tionship a process articulates (see Box 10). Thus, predecessor processes and
triggering events can be considered to be resources of the processes they trigger. They
are “consumed” or “used” by the successor (or triggered) process to produce its
products. Similarly, successor processes and events may be considered products pro-
duced by predecessors. When one process spawns another, the spawned process is
clearly a product of the process(es) that spawned it, either singly or in combination.

Figure 2.2 shows relationships hidden in Figure 2.1, and recognizes that a
resource is merely a role of the primal object derived from its relationship with Pro-
cess. A Resource is any object that is a potential resource of a process. A resource
may be used by a process, but does not have to be. Thus, it is a synonym for the pri-
mal object of Figure 2.1.56 The hierarchy between Energy and Physical objects in
Figure 2.2 is counterintuitive and will be discussed under Physical Object.

The primary intent of the subtyping hierarchy of Figure 2.1 (and others in this
section) is to normalize common features of business in the right objects, and at the
right levels. If we can do this, these features will not be endlessly replicated in multi-
tudes of unthinking business objects. Instead, they will be normalized and inherited.

For the most part, these features are business rules and interactions so funda-
mental that we take them for granted; yet, they are very important because they are
so basic. They are so basic that they are endlessly replicated in most business mod-
els, yet they connect entire businesses and supply chains. Thus, they are the keys to
integration because they are stock themes. They are also the keys used most often,
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Figure 2.1 Fundamental business objects. See Box 11.

56. The “use” relationship and its cardinality in the Metamodel of Knowledge determines that the term “resource” and “object” have the
same meaning. An individual resource may or may not be used by any process. The term “resource” implies that it is a resource because
of its potential to be a resource for some undetermined process (see Figure 116 and Module 5, Section 4, on our Web site).



masked most often, and hidden in multitudes of polymorphisms. Normalizing these
interactions will unmask their polymorphisms. Unmasking their polymorphisms
will make business processes agile business systems easy to integrate, and will make
information systems flexible. Figure 2.1 and others that follow are templates that
will unmask.

The diagrams in this section will be subtyping hierarchies as in Figure 2.1.
Inheritance will trickle down from the top of the hierarchy to the bottom; super-
types will be on top, and subtypes will be below. Unless they are explicitly shown
within the same partition, the subtypes in these diagrams will not be mutually exclu-
sive. A specific object instance might simultaneously combine features of several
object classes in these hierarchies.

Chapter 1 described how subtypes become polymorphisms of their parents as
they combine and inherit their features, and how multiple inheritance can combine
features of multiple parents [337]. This is how most business meanings will emerge

2.1 Universal Perspective, Universal Pattern 53

Box 11: Partitioning Objects

Object classes may be partitioned into mutually exclusive subtypes.
For instance, the class of Persons may be partitioned into Male Persons and
Female Persons. A partition is a meta-object. Subtypes within a partition are
mutually exclusive. However, subtypes across partitions need not be. For
example, a parent also may be an employee, because the parent/nonparent
partition is distinct from the Employee/Nonemployee partition. Chapter 2,
Section 3, in [337] describes partitions in detail.
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in this section as objects in subtyping hierarchies. The relationships in the Universal
Object Model of the next section will give rise to more business meanings. The focus
of this section is on universal, frequently used subtypes; the next section will focus
on universal relationships between these objects.

For this reason, nonsubtyping relationships have been mostly omitted in the
following figures. The few that have been shown have only been depicted because
they clarify fundamental meanings, and are sometimes the very basis of the hierar-
chies we will discuss. These relationships are defining relationships for these
polymorphisms. Without these features, there would be no subtype. The subtypes
thus described will often normalize the interactions we will cover in subsequent sec-
tions. Our subtyping hierarchy starts with the primal meta-object.

Under the primal object we have the following.

Time and Event

An event is a time slot. It captures information on the flow of time, and is a part of
the Metamodel of Knowledge in [337] (see Box 10, and comprehensive coverage in
[337]). Processes and business events, such as fairs, festivals, exhibitions, and
promotions, are polymorphisms obtained by adding business meaning to “Event.”

Person/Organization

Person/Organization subsumes the common behavior of people and organizations.
A person is an individual human being. An organization is an aggregation, a pattern
of people. When it has structure, it is a composition of people. Person/Organization
emerges from an artifice—the laws of Man and the conventions of business. In the
eyes of the law, and in common business practice, an organization is like a person in
many ways. An organization may own assets, owe money, be responsible for tasks,
be held legally liable for its actions, be the originator of its ideas, be the repository of
expertise and experience above and beyond the expertise and experience of its indi-
vidual employees, and so forth. Person/Organization is the repository of these fea-
tures common to both people and organizations. It is an abstraction that normalizes
properties shared by both and inherited by each.

Organization is also an abstraction and a polymorphism of Information, but
Person is more concrete (and a physical object to boot!). We will discuss the behavior
of Person/Organization in more detail in the sections on common polymorphisms of
Person/Organization. Any object, including Organization, may be considered to be a
manifestation of information, but clearly Person/Organization, Energy, and Event
are mutually exclusive manifestations. Figure 2.2 articulates the obvious.

Energy and Physical Objects

A Physical Object occupies physical space, and can only be in one physical place at a
time. Contrast this with Information. The same item of information may exist
simultaneously at several places (see Box 25). Physical versus abstract state spaces
are discussed in detail in the discussion of Pattern in [337]. Box 62 on our Web site
has an example of how these differences impact business rules and how change may
be automated.
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Although the subtyping hierarchy between Energy and Physical Objects has
been flattened in Figure 2.1,57 and both have been shown at the same level,
Figure 2.2 shows that one is a polymorphism of the other. This might vex some
readers.58 What does energy have in common with a material object, except that
both may be resources used by a process? It has plenty in common. To begin with,
both material objects and energy are located in physical space.59 They share the
property that the same item cannot be in more than one location at a time. Other
objects, like information and documents, may simultaneously occupy several loca-
tions in virtual space. Organizations may even occupy several locations in virtual
and physical place simultaneously.

Events too need not be exclusively confined to one physical or virtual location.
An event is a time slot; time passes everywhere in physical space. Unless we narrow
this generic event down to a specific physical or virtual geography by adding mean-
ings or constraints, and make it a polymorphism, it will occur everywhere simulta-
neously. Thus, unlike most objects, energy and physical objects are special. They
can only be in one (physical) place at any given moment.

Moreover, energy has less structure than a material object. It conveys less infor-
mation. Energy is a supertype that normalizes the constraint that gives a physical
location has exclusive possession of an object. Material objects inherit this con-
straint from energy. Most physicists are well versed with the equivalence of matter
and energy. However, as knowledge engineers, our interest in the subtyping hierar-
chy is different. It flows from the fact that both matter and energy share the con-
straint that they must exist in only one physical location at a time—a fact that is
inherited by all material objects from Energy, an inheritance also borne out by the
laws of physics.

Medium, Document, and Information

A medium of information is a role of the primal object. This role tells us that objects
can carry and convey information. Any polymorphisms of the primal object may
play this role. Examples abound; they are as much a part of our daily experience as
they are prolific.60 Therefore, being a medium of information is a fact that is articu-
lated and normalized by the primal object itself. The relationship between Informa-
tion and the primal meta-object in Figure 2.1 tells us that any object can contain and
convey information.61 When it does so, it is a Document. A class of documents is a
Medium. It is a special kind of class, as we will see.

Information is recorded in a document, and in a format. That record, the join-
ing of format and information in a medium, creates the document. The document
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57. See how inheritance hierarchies may be flattened in Box 15.
58. In Figure 2.1, we had “flattened” this hierarchy of physical objects—see Box 15.
59. Chapter 4, Section 1, in [337], under the discussion of Patterns, clarifies the distinction between physical space and other kinds of

spaces.
60. Events such as promotions or triggers for actions obviously convey information, as do physical objects, such as books or the stone tab-

lets of yesteryear. Energy constantly pulses information to the television sets in our living rooms. A band of frequencies in the electro-
magnetic spectrum may not only carry energy, but also may be reserved by a radio station in order to broadcast information. The band is
thus both a medium for expressing information and a place for locating it. Money, or Funds, tells us the value of objects that we buy and
sell. It is perhaps belaboring the obvious to say that people are sources of information, and organizations hold the collective experience
of people, which makes both people and organizations media for storing and transmitting information.

61. Box 12 discusses Contain. Medium of in Figure 2.1 is a polymorphism of Contained in when the contained pattern is a pattern of pure
information.
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Box 12: Extending UML Composite Aggregation and Physical
Location

“Location” is always relative. “Locate,” a relationship in the Metamodel of
Knowledge [337], locates a pattern in state space relative to another. The loca-
tion of an object is only meaningful in relationship to another; to locate an
object in terms of itself conveys no information and is meaningless. Locate is
also a symmetrical relationship. The inverse of locate is also locate; the located
object also locates the locator. “Contained in” is an asymmetrical polymor-
phism of “locate” that describes a special kind of relative location, in which
one pattern encapsulates another, without necessarily incorporating it. The
limits of the encapsulating pattern surround the limits of the enclosed (encap-
sulated) pattern. “Part of” is a polymorphism of “Contained in” that asserts
that an aggregate not only contains another, but also incorporates it as a part.
Thus, a room may be considered to be a part of a house, and owning the house
will imply owning its parts, but the furniture in the house are not its parts, and
owning the house does not imply owning the furniture (e.g., it might be bor-
rowed). The inverse of Part of is the aggregation relationship (Aggregate of).
Consists of is a synonym for “Aggregate of.” The subtyping relationship is a
polymorphism and even more constrained form of “part of,” in which an
object is incorporated into the class of the containing object and virtually loses
its separate identity. For instance, a man is not a part of a person; it is a sub-
type, because Person (the class) incorporates Man into its meaning. These
polymorphisms of “locate” are analyzed in Chapter 5, Sections 2 and 4, and
Figure 114, in [337]. Chapter 2, Section 3, in [337], also describes why the
existence of a polymorphism is contingent on the existence of the supertype,
but not vice versa.

The relationship called “composite aggregation” in UML gives an aggre-
gate object exclusive possession of a part (Box 33 on our Web site). The UML
symbol for it is the solid diamond in Figure (c) of Box 33. The UML syntax
bars an object in a composite aggregation from being a member of any other
aggregation. Note that the “composition of” relationship we discussed in Box
10 is a less constrained form of structured aggregation. “Composition of” tells
us that the aggregate is structured. It does not bar membership in multiple
aggregations.

We will obtain UML’s composite aggregation if we cap the cardinality
ratio of the contained in relationship to be at most one. Composite aggrega-
tion in UML is thus a configuration of two components—a special relation-
ship (contained in), and a special value constraint attached to its cardinality.

This construct, the composite aggregation of UML, flows from the prop-
erty that a physical object only may be in one place at a time. It is a subtype of
containment used primarily to tie physical parts into physical assemblies, or to
make a physical place or object “contain” other physical objects. The
metamodel of knowledge makes finer distinctions. It not only distinguishes
between structure, and the lack of structure in an aggregation, but also distin-
guishes membership of a composition (i.e., being a part of an object) from con-
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need not be a piece of paper. It could be a bit stream of information riding on the
wings of radio waves through space. It could be a recorded message we hear, or a
holographic image projected in space for us to see. The Document in Figure 2.1 gen-
eralizes our everyday concept of document.

It is also common knowledge (and common sense) that every format cannot
apply to every medium. For example, sound cannot format a picture, and a paper
document does not record sound. The many-to-many relationship between Format
and Medium in Figure 2.1 makes room for these kinds of restrictions. The
medium-format resolution entity,62 an object buried within this many-to-many rela-
tionship, articulates the fact that a format may have different polymorphisms in dif-
ferent media. Thus, a format for printing images on paper is a polymorphism of the
corresponding format for displaying images on the screen of your computer. The
bottom line: A Medium is a class of documents that normalizes constraints on its
format.

A document can be copied from one medium to another, but it cannot switch
media. Each copy may convey exactly the same information, but each is a distinct
document in its own right. However, just as it is possible to classify an object in a
multitude of ways, it is possible for a document to simultaneously belong to multi-
ple media. For instance, a spoken word, pregnant with information, is a document
propagating through Air, its medium. The frequency spectrum is also its medium.
Both Air and Spectrum are places for information, because they both normalize
constraints on how information may be formatted, and what kinds of symbols are
permitted in each medium. The spoken word was a sound constrained by the inter-
section of constraints imposed by each medium to which it belonged.63 It was a doc-
ument that was an instance of two different media. Thus, the class of spoken words
is a class of documents with two parents—the frequency spectrum and Air. Both are
its media.

A medium, like any class, articulates a potential—the potential of a document
to exist. A medium may have no documents—it might lie unused—only a concept
and an unrealized potential; or it may have several documents. It is thus a class—an
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tainment of one object in another. Nor does the metamodel bar an
object from being a part of several structures simultaneously—not
even if both structures depend on it for their very existence and mean-
ing—because the object in question might be a concept or meaning (i.e., a pat-
tern of pure and abstract information). The metamodel must do this because
the scope of business knowledge extends beyond gross physical constructs,
into structures of information, concepts, and meanings. The power of reason
extends beyond the scope of mechanical engineering in the physical world. The
metamodel of knowledge extends this power of reason.
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62. Resolution of many-to-many relationships are discussed in Box 24. Details are in Module 5, Section 1, on our Web site. See “Resolving
Many-to-Many Relationships” on our Web site.

63. Set intersection is discussed in Box 19 on our Web site.



aggregation—that might even be devoid of members.64 An instance of a medium is
thus an object class that may have no instances, but when it does, these instances
will be instances of documents. The bottom line: Medium is a class of documents
based on formativeness (formatability). The relationship between Document and
Medium in Figure 2.1 is a special polymorphism of the subtyping relationship, and
a document will inherit all constraints (such as formatting, information quality, and
longevity constraints) that its medium normalizes. Document gives information a
place for expression. The medium gives a document its substance and the potential
for expression. Document is a subtype that joins two parents (i.e., Medium and
Place) into one indivisible whole—a place of expression for information. Formatted
information in a document is thus potential realized.

Place, Medium, and Document

The locate relationship (see Box 12) creates the concept of Place. Any resource may
be a place. Thus, Place can be either a physical place or a virtual place, such as an
electronic bulletin board or a part of the radio frequency spectrum. Located in is a
synonym for contained in. It is a polymorphism of locate (see Box 12). When we
consider visual patterns, it is appropriate to call the envelopment of one pattern by
another “containment,” and the relationship between the contained pattern and the
enveloping pattern “contained in.” However, when we consider the location of a
resource such as a meaning conveyed by a medium, convention might consider
“located in” a more elegant expression. In either case, they mean the same. Both are
the same polymorphism of Locate. We have called it “located in” in Figure 2.2.
“Location of,” the inverse of “located in,” is a synonym for “container of.” When a
resource is located in another resource, the containing resource becomes the Place of
the contained resource. It is an optional role that any resource can play.

Astute readers might ask whether a place can really be empty: Will not a place
always contain one resource itself? If this reasonable sounding premise is true, then
even a place devoid of other resources cannot ever be truly empty. Consequently,
contradicting the assertion in Figure 2.2, the cardinality of Located in can never be
nil. The reason for this premise fades away with the quantum of information it con-
veys—none. A fact must convey information in order to contribute to a model or a
component of knowledge. The location of a place within itself fails this test, since it
conveys no information. This is why the cardinality of “located in” is the way it is in
Figure 2.2.65

Thus, while Place is an optional role of Resource, it plays a key role. We all
know that places—virtual or physical—are resources we use, buy, and sell. They are
the single most important resources at the heart of the entire physical and virtual
infrastructure that supports everything that we do. Business is perpetually seeking,
jostling, and competing for the right Place, in more than one sense.66

A Document is also a kind of Place—a place for Information. However, a docu-
ment is more than a place. As we recently discussed, a place cannot be a document
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64. Reference [337] shows how a Class is an aggregate object, and may be empty. Thus, the existence of a medium does not require the exis-
tence of a document. Medium is a concept based on shared constraints on Format.

65. We discuss the irreflexivity of the containment relationship in detail at the end of Module 5, Section 2, on our Web site. See “Location,
Containment, and Incorporation” on our Web site.

66. Businesses compete for market space. See the section on markets and market segments in this chapter.
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Box 13: Money, Preference, and Economic Value

Preference and Economic Value (money) are two frequently used busi-
ness domains, as described in detail under The Information in Domain, Chap-
ter 4, Section 3, in [337]. Preference is an ordinal scaled domain, whereas
Economic Value is a ratio scaled domain. Although preferences are usually
discrete ranks and economic value is a ratio scaled continuum, economic value
and preference are related. Economic Value, being a ratio scaled domain, has
more information than preference, an ordinal domain, and may legitimately
be considered a subtype of the preference domain (see Box 14). To turn Prefer-
ence into Economic Value, information on intermediate preferences was
added, until the domain became dense enough to be considered a continuum.
Information on a nil value (indifference) was also added to the domain to turn
Preference into Economic Value. Thus, economic value is really preference
information quantified.

Economic Value is also an example of how all ratio scaled domains may
not be equally flush with information. The information content of the Eco-
nomic Value domain lies somewhere between the sparse information of the
ordinal preference domain, and the rich certainty of “hard” information
inherent in physical ratio scaled domains like mass or length. Economic Value
conveys “softer,” more uncertain information. Until money was discovered,
primitive economies were based on bartering goods and services. They had no
unit of measure they could associate with economic value. However, when
preference information of large numbers of people was involved in larger com-
munities, information content inherent in the preferences of individuals added
up, and the overall preference of the population (an aggregate object) became
almost ratio scaled, and monetary exchange evolved. With monetary
exchange in place, the near quantitative statistical nature of aggregate
preference became evident and firmly established as the domain of money.

As we considered the preferences of large numbers of individuals, the
meaning of preference and the meaning of information in the composite, pref-
erence information domain “melted” into a single continuum of values. As an
increasing number of individuals were considered, the information conveyed
by each person’s preferences added up,67 and the relationship between prefer-
ence and information got denser and denser, until it could be considered a
ratio scaled continuum. Thus, we are justified in considering Economic Value
as a primary domain that is a subtype of Preference, an ordinal domain.
Domains like Economic Value, which were created by adding information to
primary domains with less information until they changed into a new kind of
domain, are subtypes of the domains from which they grew. See Chapter 4,
Section 3, in [337].

Unlike its physical counterparts, the unit of measure of Money is
nonstationary (i.e., changes over time). Thus, if you expressed a value, such as
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67. Readers interested in the mathematics of how individual preferences add up to yield domains richer in information may refer to the dis-
cussion on concordance on page 229 in [311].



unless it also formats information. The format might be patterns of energy shim-
mering in some medium, or patterns of symbols carved onto a rock, but it must be a
format and a symbol. Only then will the place be a document. Thus, Formatted in,
in Figure 2.2, is a special polymorphism of Contained in in Box 12.68 Thus, a Docu-
ment is a special subtype of Place.

Any kind of Place can be considered to be a Document as soon as it contains
formatted information. The content of a document is information, and its substance
is the substance of its medium; but its format is the hallmark of an individual
Document.

Place can have innumerable other polymorphisms. For instance, it can be a
physical assembly of parts; then, the assembly is the place for its parts. It also
could be abstract information—a meaning that also contains other meanings. For
instance, the meaning of Ancestor contains the meaning of Parent, which contains
the meanings of Mother and Father. An organization is another kind of abstract
place—a place for people, and a place for information. The polymorphisms of Place
are too numerous to even attempt to enumerate. Any object, tangible or intangible,
can be a Place, and any object located by another is associated with a Place.

Fund

Fund is money in any form, a subtype of Information (see Box 13).69 Fund and
Money are subtly different meanings in this book: like Length and Mass, Money is a
domain. Domains have no states. The money domain is therefore stateless, but Fund
is not. Fund adds information on states—the quantum of money at a point in
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a pay scale, in U.S. dollars 10 years ago, it will not equate to its expres-
sion in U.S. dollars today (nations that have experienced hyperinfla-
tion know the severity of this problem only too well!). Since the money
domain has intrinsically less information than physical domains, such as
length or mass, even if you converted 10-year-old dollar values to present-day
dollar values, the conversion will intrinsically lack the reliability (certainty of
being correct) that, say, converting from feet to inches has.

Rules for converting money from one unit of measure to another conform
to the conversion rules for ratio scaled domains (see Chapter 1). Whether we
convert one currency to another in terms of their current values, or convert a
measure of currency past to the measure of the same currency today, we multi-
ply by a conversion ratio. Converting between currencies is called an exchange
rate; converting the same currency between different times is called an index.
Each is a conversion ratio, and both change state. Conceptually they are iden-
tical. The knowledge is normalized in the money domain, ready to be config-
ured and used when required. Reference [337] has more details.
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68. Figure 114 under “The metamodel of relationship” on our Web site shows how the Metamodel of Knowledge configures the meaning of
containment.

69. The information domain is discussed in Box 42 on our Web site.



time—to the stateless money domain. Thus, specific bank balances, budgets, or
financial accounts are instances of Fund. The quantum of money in each instance
maps to the money domain. Reference [337] has more detail on domains.

From Information, Fund inherits the fact that it may be formatted in documents
of different kinds, and conveyed by the same kinds of media as its parent. For exam-
ple, funds may be recorded in electronic formats and exchanged in virtual space, or
recorded on paper currency bills and exchanged physically.70 Funds are denomi-
nated in different currencies that are its respective units of measure. All quantitative
values must have units of measure, and may be expressed in multiple units of mea-
sure. See Domain in Box 30.

Resource and Its Polymorphisms

Any aggregation, classification, or composition of any of the polymorphisms in
Figure 2.2, or any interaction (relationship or constraint71) between them, is also a
resource, since it also will be a polymorphism of the primal object. Business rules
could aggregate resources into groups of mandatory resources or groups that can-
not coexist (e.g., products in the marketplace). These resource groups will also be
subtypes of Resource; they add information and structure to Resource, the primal
meta-object. The implications are profound, but we will defer that discussion to a
subsequent section in this chapter.

Mutability of Resources
Liskov’s Substitution Principle asserts that a subtype may always be substituted for
a supertype in a model without affecting the semantics of the model.72 Does Liskov’s
Substitution Principle, applied to the subtyping hierarchy in Figure 2.2, imply that a
physical object is a resource mutable with energy, and people are mutable with
physical objects? On the surface, the answer is “no.” The proposition not only
seems counterintuitive, but also incorrect—even ridiculous. However, appearances
can be deceptive. Considered literally, the proposition is correct. It only looks ridic-
ulous because we are used to thinking laterally rather than literally, like a computer.
To see how, consider what it literally means when we say that a generic physical
object is a resource for a process—it means that any physical object will do. There is
no requirement that the object be constrained in any way. Indeed, there is a require-
ment that there be no constraints; not even people are excluded.

Business processes are rarely as generic or abstract. They are more structured,
and are usually more specific about the kinds of resources they need to produce spe-
cific products. For instance, if a business process requires wood, it cannot do with
stone. However, if it truly required only a solid object, either wood or stone would
do. We intuitively exclude people when the process calls for material resources. We
think in a box. The problem is with us, not Liskov’s Substitution Principle.
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70. Recognizing that Fund is a polymorphism of Information helped us creatively reengineer the check of Box 62 on our Web site.
71. A constraint is a kind of relationship. See Module 5, Section 4, on our Web site; a relationship may be a resource.
72. Liskov’s Substitution Principle asserts: “It must be possible to substitute any object instance of a subclass for any object instance of a

superclass without affecting the semantics of a program written in terms of the superclass.” Although articulated for computer pro-
grams, this principle also applies to business meaning. See “The Substitution Principle” in Chapter 2 in [333], and Module 5, Section 1,
under “Mutable Perspectives” (on our Web site), Section 3 in the section on process engineering, and the Principle of Parsimony in the
Notes.



The process that requires some unspecified form of energy is even less struc-
tured. Most business or engineering processes will specify the kind of energy they
need (e.g., heat, light, electricity, kinetic energy, and so forth). If the process is so
vague that it says any form of energy will do, we could feed it anything, even matter,
for matter contains energy. What this process is (literally) telling us is that it requires
matter or energy; either item will do. For the same kinds of reasons, we must temper
our understanding of mutability when we consider other kinds of subtyping struc-
tures, like Fund versus Information or Document versus Place.

When developing models from the patterns in this book, keep the Principle of
Parsimony as your guiding principle. The Principle of Parsimony asserts that we
specify the minimal amount of information required in a model or process in order
to maximize flexibility of resources.73 If you do not have to, do not specialize the
high-level objects, or add to the patterns in this book. Use them “as-is” as much as
possible.

Business Product Versus the Product of a Process
The same kinds of objects that are resources also can be products of processes. The
primal object of Figure 2.1 can just as easily be called Item or Product.74 However,
there is a subtle difference between a business product, which is a proposition posi-
tioned for sale in the marketplace, and the product of a process as it is defined in the
Metamodel of Knowledge. The difference involves ownership. There may be prod-
ucts of processes that are not owned by any person or organization. For instance, no
person or organization is responsible for or holds a title of ownership to a natural
process like the condensation of clouds to make rain, nor does anyone own the rain
that falls from clouds. Yet rain is a product of condensation, a process. On the other
hand, ownership of a product lies at the heart of any proposition positioned for sale
in the marketplace. We will call this a business product.

In this chapter, unless we qualify it as the product of a process, the term “prod-
uct” will mean a business product. Of course, a business product is also a product of
a process. The proposition must be produced, but not all items that are produced
and owned are meant for sale. Thus, a business product is a subtype of the product
of a process, and it is a polymorphism of Resource, based on the usage of this term
in this chapter. A corporation could own the rain it creates, if it owns the process for
creating rain by seeding clouds.

Ownership of Products and Assets
Ownership lies at the heart of any business. It is a core value. A resource (or product
or item) may be owned. The concept of Asset captures this rule and the fundamental
value of business. Just as Medium was a role of the primal object obtained from its
relationship with Information, and Resource was similarly obtained from its
relationship with Event (or Process),75 Asset is derived from the primal object,
because of the ownership relationship it may have with Person/Organization.
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73. See the note on the Principle of Parsimony. The Principle of Parsimony is also discussed in [337].
74. The product of a process is a polymorphism of the primal object in a different partition from Resource (i.e., a Resource may also simul-

taneously be a Product). Module 5, Sections 3 and 4, discuss the topic; Figure 116 under “The Metamodel of Relationship” on our Web
site shows the produce relationship and its cardinality.

75. Process is a subtype of Event and Relationship (Box 10). If an event or relationship is a resource, Process also will be.



Asset, like Resource and Medium, is a role of the primal object, inherited by its
polymorphisms.

At one time, every resource in Figure 2.2 could be owned. However, business is
now more enlightened; we cannot own people. For this reason, polymorphisms of
Asset are almost identical to polymorphisms of Resource; only people are left out.
Conversely, Funds are always owned, and hence are always assets.

Thus, Asset is a more constrained pattern than Resource; its degrees of freedom
are fewer.76 Asset is Resource with a restriction—that Person must be excluded.
Thus, Asset is a polymorphism of Resource.77

Even when ownership is in dispute, the disputed item is an asset—we know that
it is owned, although its owner might be “unknown.” As the identities of its owners
becomes more certain, and the possibilities grow more restricted, the pattern called
Asset also becomes more constrained in information space. Thus, based on the prin-
ciple of subtyping by adding information (see Box 14), an asset with known owners
is a polymorphism of the same asset with unknown, or disputed, owners. The only
information we need before we can call a resource an asset is that it is owned, even if
we do not know by whom. As its owners become clear, the asset becomes a subtype
of the bare bones asset of Figure 2.3. Of course, if we know that the resource in
question is money (Fund), ownership is always implied.

A business product, as we recently discussed, is an asset that a person or organi-
zation positions for sale. Not all items that are owned are positioned for sale. For
instance, funds are always assets, but few corporations outside the financial sector
call them their principal business products. Similarly, an automobile maker might
own stationery for business use. The stationery is an asset, but the firm hardly con-
siders it as an item meant for sale. Of course, if the firm did decide to sell its excess
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Box 14: The Principle of Subtyping by Adding Information

The Principle of subtyping by adding information asserts that adding
information to a pattern of information creates a subtype of the pattern. It
applies to any pattern of information. Meanings are abstract patterns of infor-
mation. A constraint on a pattern reduces its degrees of freedom and adds to
its information content, thus subtyping it. A condition is also a kind of con-
straint; it reduces the freedom of a pattern. Therefore, a conditional pattern or
concept is a subtype of the unconstrained pattern or concept. Similarly, declar-
ing the contents, components, or internal composition of an object adds infor-
mation to it. Therefore, it is a subtype of the object that offers no visibility of
its parts, contents, or structure (see Boxes 10 and 12). These principles are cen-
tral to the concepts in this book, and are discussed in detail in Box 43, Module
5, Sections 2 and 4, and Module 6, Section 2, on our Web site. Patterns are dis-
cussed in Chapter 4, Section 1, in [337].
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76. Degrees of freedom are discussed in Chapter 4, Section 1, in [337], under Patterns. See also “Mutable Perspectives” on our Web site.
77. Box 43 and Module 6, Section 2, on our Web site describe how constraints carve polymorphisms out of parent objects.



stationery, land, or buildings, they would acquire all the characteristics of business
products that we will describe later in this chapter. Thus, a business product is a
subset of an asset—a subtype based on intent to sell. Figure 2.4 articulates this.

A business product is a polymorphism of Asset in a different partition from
those in Figure 2.3. Thus, any of those items (or their aggregations) may be products
(and services) that businesses may position in the market place.

Note how even Capacity may also be sold, lent, or used. (We covered Capacity
in Box 10.) Capacity is a property of a relationship between objects—an interaction
between them. Thus, conforming to the rules we described in our discussion on
polymorphisms of Resource, it also may be a resource, and hence, an asset and a
business product.

The inheritance hierarchy in Figure 2.3 has been “flattened” to make the figure
simple. For instance, we know from our recent discussion that Fund is actually a
polymorphism of Asset, because it is a polymorphism of Information. Similarly, we
know that a physical object is a polymorphism of Energy. These structures have
been simplified and flattened in Figure 2.3. We can flatten a subtyping hierarchy
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because the subtyping relationship is transitive. Two or more subtypes in tandem
imply every subtype is also a subtype of the object at the top of the hierarchy.

In the remainder of this chapter, we will often flatten and simplify in order to
illustrate, but remember, the complex structures and the multiple levels of inheri-
tance will be hidden within these simplifications (as they were hidden within the
simplified objects in Figure 2.1). The simplified diagram is only a view. The elec-
tronic repository of knowledge should track and store these hidden structures even
if it can present simplified views.

Common Polymorphisms of Event

Figure 2.5 adds information to Event, which is a pure time slot (see Box 10), to
derive an ontology of business meanings. The primary intent of the subtyping hier-
archy in Figure 2.5 is to normalize features of business events at the right level, so
that these features will be inherited by the right polymorphisms of Event.

The hierarchy in Figure 2.5 is not intuitive when we think of manifestations of
business events, but it mirrors reality, and has a profound impact on how we can
normalize rules to make business processes flexible. Let us understand why, and
how we can use it.

Time Period
Time Period is synonymous with Event. An event records occurrences in time. It
also records the passage of time. Every event must have a start time and may have an
end time.78 All events are time periods of different kinds, imbued with different
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Box 15: Flattening Inheritance Hierarchies

When we simplify inheritance hierarchies by flattening them, we lose
inheritance of information—meanings, constraints, attributes, relationships,
and effects—normalized by the objects at intermediate, “flattened” levels
(now hidden). These features of hidden objects must now be assigned to visible
subtypes of hidden objects. If parents at the top of the hierarchy also are hid-
den, then their information must be passed to the next level of visible subtypes.
As we have seen, this can denormalize and replicate information. For example,
the location constraint is replicated when we ignore the subtyping hierarchy
between Energy, Physical Object, and Person in Figure 2.2.

When we flatten a subtyping hierarchy, we also lose the kind of automated
enumeration of parents described by Rule 5(c) of Box 16. If subtypes are hid-
den, then we cannot enumerate (or update) populations of parent objects
based on cardinalities of and changes in their subtypes. Thus, showing a hier-
archy is important in order to determine which polymorphisms will normalize
which features and when we must enumerate objects bottom-up.

15

78. Module 5, Section 3, on our Web site describes Event.
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Box 16: Domain Rules Ready Reckoner

Domains are discussed in detail in Chapter 4, Section 3, in [337]. The
following summarizes the discussion:

Rule 0: Measurability of domains.

a. Nominal domains only carry information on distinctions between
values.

b. Ordinal domains rank values in terms of their magnitudes, but
contain no information on absolute magnitudes or differences in
magnitude between values.

c. Difference scaled domains convey information on the magnitude of
differences between values, but no information on a nil value
(hence, no information on absolute magnitudes of values).

d. Ratio scaled domains convey information on absolute magnitudes
of values. This includes information on a nil magnitude.

Rule 1: Adding meaning to a domain creates a new domain. Meanings
added may be new or inherited. If the new domain includes meaning(s) inher-
ited from other domains, then it is a subtype of the domain(s) it was created
from, and:

a. The new domain will inherit unit of measure information from its
parent domain and add information of its own.

b. If the nil value was included in the new domain and the old parent
domain did not have it, the units of measure of the old domain will
be inherited with their zeros reset to coincide with the new nil value.

Rule 2: Any multiplication or division operation on values in a ratio scaled
domain creates a new ratio scaled domain. Multiplication and division opera-
tions may be between values in the same or different domains. Units of mea-
sure of the new ratio scaled domain will be expressed in terms of the same
operations on units of measure of the domains it was created from, as will con-
version ratios between units of measure of the new domain. Thus, units of
measure and conversion ratios for the new domain may be derived from its
constituent domains (and ultimately its constituent primary domains).

Rule 3: Addition and subtraction operations on values in the same ratio
scaled domains map back to a subtype of the same domain. Addition and sub-
traction are permitted between parent and subtype domains. The subtype
domain will inherit all units of measure, conversion, and formatting choices
from its parent domain.

Rule 4: Addition and subtraction operations between values in different
ratio scaled domains have no meaning if one domain is not a subtype of the
other.

Rule 5: Proportions are ratio scaled attributes of aggregate objects that are
subtypes of a parent object class. All proportions conform to the following
rules:
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a. Population: Every aggregate object has a population
attribute. The population enumerates its members. Its units
of measure are units of enumeration.

b. Sum of a ratio scaled attribute over all instances in a class: Given a
ratio scaled attribute of an object instance, corresponding object
class(es) will have an attribute that sums up the instance level
attribute over all instances of the class. This sum is a class level, not
instance level, attribute. Class level totals will automatically be
implied by the existence of each instance level ratio scaled attribute,
and the units of measure of the class level attribute will be identical
to that of the instance level attribute.

c. Sum of class level attributes in a partition:
i. The sum of populations of individual subtypes in an exhaustive

partition will equal the population of the parent object. In a
nonexhaustive partition, the sum may be less, but cannot
exceed the population of the parent object. The units of
measure of the sum will be inherited from the enumeration
domain. The subtypes in an exhaustive partition cover all
instances of the supertype. For example, the Male/Female
partition of Person is (nearly) exhaustive. Subtypes in a
nonexhaustive partition do not categorize only some instances
of the supertype. For instance, a land/sea partition of vehicles
would leave out those that fly.

ii. Adding to (subtracting from) the population of a subtype will
always automatically add to (subtract from) the population of
its supertypes, but not necessarily vice versa. The partition may
not be exhaustive, and even if it is, we will not know which
subtype(s) have increased (or decreased) their population(s)
based on increases (or decreases) in the population of
supertypes alone.

iii. The sum of class level attributes (i.e., attributes that are sums of
absolute values of corresponding instance level attributes),
which are summed across all subtypes in an exhaustive
partition, will equal the value of the class level attribute of the
parent object. In an inexhaustive partition, the sum may be less,
but may not exceed the class level attribute of the corresponding
parent object. The units of measure of the sum will be inherited
from the domain of the summed attribute.

Since the partition represents the collection of subtypes in it,
the partition normalizes these relationships. They are between
the parent and the partition. Each subtype in the partition
inherits them.

d. Proportions: The sum of populations of individual subtypes in a
partition will equal the population of the parent object in an
exhaustive partition, while in a nonexhaustive partition, their sum
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cannot exceed the population of the parent. The sum of class
level attributes, attributes that are sums of absolute values of
corresponding instance level attributes, summed across all
subtypes in an exhaustive partition, will equal the value of the class
level attribute of the partitioned object; in a nonexhaustive partition,
their sum cannot exceed the population of the parent. Since the
partition represents the collection of subtypes in it, this relationship is
between the parent and the partition. Each subtype in the partition
inherits it.

The result of a Proportions calculation is independent of the units
of measure used to express the divisor (or dividend), provided the
divisor and dividend are expressed in the same units of measure. The
existence of proportions is automatically implied by the existence of
an attribute and partition of an object class.

e. Range: Values in any domain of proportions lie between Nil and
Total. The unit of measure of a proportion should assign the nil
value to the number zero, and the Total value to a larger number.

f. Sum of proportions: The sum of proportions in an exhaustive
partition must equal Total. In nonexhaustive partitions, the sum of
proportions cannot exceed Total. The units of measure of the sum of
proportions are the same as units of measure of proportions, which is
implied by Rule 3.

g. An injunction against arithmetic addition of proportions: Proportions
for a given attribute of a subtype in a partition may be meaningfully
added. Across partitions, or across different attributes, addition of
proportions has no meaning.

Rule 6: Division of one difference scaled value by another is meaningless,
and so is multiplication of one difference scaled value by another.

Rule 7: Mutually subtracting pairs of values in a difference or ordinally
scaled domains will create a new domain. The new domain is the domain of
intervals, or gaps between pairs of values, obtained by attaching a nil value to
the original domain. It is a subtype of the domain from which it was cre-
ated. The units of measure of the domain of gaps will be inherited from
the domain from which it was created, as required by Rule 3. If the original
domain was:

a. Difference scaled, the new domain of intervals will be ratio scaled.
b. Ordinally scaled, the new domain of intervals will be difference

scaled.

Rule 8: Addition of values in the same difference scaled domains is mean-
ingless by itself. It may have meaning in expressions that do not bias the result
by changing the arbitrary zero value of a given unit of measure (e.g., by adding,
subtracting, or multiplying it multiple times), in which case it maps back to the
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same domain and the same unit of measure. The entire arithmetic
expression must be considered in toto.

Rule 9: Values in the domain of gaps may be meaningfully added to,
or subtracted from, values in the domain from which it was generated. The
results of the operation will map to the latter domain, in the same units of mea-
sure. Addition of values between subtype domains and their parent domains will
be meaningful, provided the hypothetical nil value is not distorted. Addition and
subtraction operations with values in other domains, with this exception, have
no meaning.

Rule 10: A relationship between domains creates a new domain. The rela-
tionship may involve a single domain or several domains. The scaling of a
domain thus created is:

a. At least the same as the scaling of the participating domain with least
information, when all domains thus joined contain sequencing
information. We can assume that the new domain is scaled the same
as the participating domain with the least information. If the domains
were all quantitatively scaled, then the unit of measure of the new
domain, a complex value object, will be the arithmetic product of
units of measure of domains associated by the Cartesian product.

b. Ordinal, when one or more domains thus joined is ordinally scaled,
which is a special case of Rule 10(a) above.

c. Nominal only when all domains thus joined are nominally scaled.

Rule 11: Every domain inherits the following properties from the domain of
information.

a. A count of its members is an attribute of every aggregate object,
including every domain and object class. It maps to the ratio scaled
enumeration domain.

b. Every domain has one or more domain(s) of proximity metrics
associated with it. The domain of the proximity metric is a subtype of
the domain with which it is associated, and measures the accuracy of
values in the domain. Table 2 in [337] describes the scaling of the
proximity domain.

c. Every object, including domains and their values, has the ratio scaled
attribute of reliability. Values of reliability range from Nil to Total.
The reliability domain articulates the consistency of meanings. It
maps to the domain of proportions. In a purely deterministic model,
reliability may only be Nil or Total.

d. Every object maps to the ratio scaled completeness domain. This
domain measures the proportion of information in the object that has
been realized. Values of completeness range between Nil and Total.
Completion maps to the domain of proportions.

e. Every relationship maps to the ratio scaled validity domain. It is a
universal attribute of relationships. Values of validity range from Nil
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meanings. This is why Time Period in Figure 2.5 is distinguished from the other
events that add meaning to it, and are therefore its polymorphisms.

The sale of time is a common event in business. Indeed, meanings of Asset and
Business Product, added to Event, makes it a saleable event. A saleable time period
is a subtype of two polymorphisms of Resource—Event (Figure 2.5) and Business
Product (Figure 2.4)—in two independent partitions of Resource. Thus, for exam-
ple, when a staff supplementation agency (a temp agency) sells its employees’ time,
it is the relationship between Employee and Time Period it is selling. That is a role, a
polymorphism of Time Period, and an example of how polymorphisms of the uni-
versal perspective mutate into special purpose business objects.

That all the other objects in Figure 2.5 are also events is not always immediately
obvious. The facts are subtle because polymorphisms add meaning to their parents,
and they can combine meanings of different parents. These added meanings can
overwhelm and obfuscate the essential nature of the parent, to the point that we
might hardly consider the object an event as we use its polymorphism. Consider an
invoice. A business rule might assert that all invoices in excess of $5,000 must be
approved for payment by the departmental head. The occurrence of the condition,
an invoice in excess of $5,000, is an occurrence in time. It is an event that happens at
a Moment in time. A Moment is a time period of no duration, in which start and end
times coincide (see Box 10). Thus, the occurrence of the invoice is an event, while its
substance is a document.

We must be clear about the aspect of invoice being addressing when we model
behavior. An invoice is a request for payment. That is obviously an event. The
request for payment in excess of $5,000 is clearly a subtype of this event. Thus, we
must distinguish the request, an event, from the document, its physical form, and
both must be distinguished from the information in the document. Otherwise, our
processes will not be flexible. The following discussion of Payment will make
this clear.

Payment
Payment is an event that involves transfer of funds. It also occurs in a Moment, a
time interval too short to be of interest to the business. An invoice, as we have seen,
has a double meaning. It is a request for payment, an Event, and a document that
records that request. Thus, it is could be considered an Event or a Document. In
order to normalize knowledge, we must divorce each meaning of Invoice from the
other, and consider each separately. Each is a distinct object and component of
knowledge.
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to Total. The validity domain articulates the meaningfulness
of a relationship (rule) between objects. In a purely
deterministic model, validity is either Nil or Total. Validity
maps to the domain of proportions.

f. Specific relationships with these domains of information may be
nominally, ordinally, difference, or ratio scaled, depending on the
information content of the relationship.
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The occurrence of the request is an event and an item of information. It is infor-
mation recorded on a document, and indeed, may be recorded on several docu-
ments. Invoices are documents, and may be copied (as indeed they were in the
example of Box 8). The information that requests payment for an item stands apart
from the document it is recorded on. It is unique, and must maintain its identity
even if the document that records it is replicated, and indeed, even when the same
information is recorded or transmitted in several distinct different documents, for-
mats, or currencies.79

To demonstrate the need for this, let us return to the example in Box 8. Had Jim
recognized the difference between Information, Event, and Document implied by
the invoice, there would have been no confusion about accounts receivable. Dupli-
cate payments would not have been requested of customers, and John’s requirement
would have been quickly, accurately, and reliably satisfied. Change would have
been quick and easy, and the process resilient and automatic. Jim’s firm would have
leveraged automation to become responsive, innovative, and competitive.

The secret lay in matching the meaning of Invoice against the template in Figure
2.1, and using it to peel back layers of meaning by assigning the information in the
invoice to the different generic objects in that figure. The request for payment was
an event and an item of information. The event created the information. The tem-
plate in Figure 2.5 makes this clear.

Subsequent reminders or requests would all point to the same item of informa-
tion, making it clear that it is the same payment being requested. Each request and
reminder is an event. These requests and reminders may be formatted and referred
to in different documents, and in different formats and currencies (units of mea-
sure), but when two or more documents refer to the same request (or reminder), it
must be clear that this is the case. This can only happen if each request or reminder,
an event, is uniquely identified and preserves its unique identity. That request, in
turn, might refer to the same payment. That also would be clear if the information
created by the payment event had a unique identity. This is how the Universal Per-
spective helps us to normalize information, and to frame flexible processes in flexi-
ble contexts. We will return to this example again in the section on buying and
selling.

Figure 2.5 shows two mutually exclusive subtypes of Payment—incoming and
outgoing payments. These polymorphisms emerge from perspectives of Payment.
When considered from a person’s or an organization’s perspective, Incoming Pay-
ment is a payment that a person or organization receives, and Outgoing Payment is
a payment that the person or organization pays out. Both are events. Each event will
switch polymorphisms, but not its identity, depending on whose point of view we
assume.

Meeting
When we think of meetings, a room full of people comes to mind. For some of us,
chat rooms and conference calls also might come to mind. However, the object in
Figure 2.5 is more than a conventional meeting. It is an exchange that involves two
or more persons or organizations. Information is exchanged in meetings. It is a
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79. Currency is a unit of measure of Fund. See the section on Fund.



communication event. It could even be a series of discrete events. If the series
stretches to perpetuity, or has no known end, the meeting will be a saga of commu-
nication events (see Box 17). Thus, the generic Meeting of Figure 2.5 subsumes and
extends our mental image of meetings.

The one resource every meeting must use is people, and there must be at least
two or more, otherwise there cannot be a meeting. These people are Parties to the
meeting, and they may represent organizations. This will also make the organiza-
tions that they represent parties to the meeting. This demonstrates that “party to”
(Person may be party to Meeting) and represent (Person represents Organization in
Meeting—a ternary relationship80) are transitive with respect to each other.

A meeting could, of course, use other resources as well (e.g., space, computers,
or telephones), but it must always have two or more participants, and these partici-
pants will be persons, who might or might not represent organizations. The occur-
rence of two or more parties is the central, defining pattern at the heart of Meeting.
All polymorphisms of Meeting, including agreements, negotiations, and even dis-
agreement and conflict, will inherit this fact.

Meetings may be sagas. In fact, the concept of meeting extends even beyond
sagas of discrete events. For instance, consider an agreement. Agreements always
bind two or more parties. Agreements inherit this fact from Meeting; they are
polymorphisms of Meeting. Moreover, some agreements have no definitive end.
They may be agreements in perpetuity, and hence are sagas. These agreements are
not sagas of discrete events, yet they are sagas, and they are also meetings because
they bind two or more parties. The parties meet in perpetuity within the agreement.
Thus, Meeting in Figure 2.5 is a broader, more general concept than the meeting
that comes to mind when most of us think about the word.

However unstructured a meeting is, it always involves two or more parties.
Even the most unstructured meetings will crystallize around this central core of
meaning. If we mandate that a meeting must end, it will be no longer be a Saga.
However, it will still be a polymorphism of the saga it cut short. It will be a poly-
morphism obtained by adding on information when the meeting will end.81

A Meeting may be planned, potential, or actual. Polymorphisms also may be
planned, potential, or actual. These states are therefore inherited by Agreement.
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Box 17: Sagas

A saga is an event that has no known end. It also might be a series
without end of repetitive events. For instance, the series of transportation
events for finished goods from a factory is a saga of transportation events. (See
also Saga in Box 30.) Module 5 discusses Saga in detail. See Box 55 and Mod-
ule 5, Section 4, on our Web site.

80. A ternary relationship is a relationship between three distinct object classes (Box 10). A transitive relationship is a relationship derived
from other relationships. For example, Person live in Town was derived from the two relationships acting in tandem in the composition
in Box 10. Module 5 on our Web site discusses relationships in detail.

81. “The Metamodel of Relationship” on our Web site describes how a discrete event crystallizes out of a saga. See Figure 116.
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The Agreement in Figure 2.5 subsumes planned, potential, or actually sealed agree-
ments. A potential agreement may be under negotiation. It is a substate of Potential
Agreement. Thus, Negotiation is a polymorphism of Agreement that is included in
the fact that Information Exchange is a polymorphism of Meeting. Information
Exchanges are not Sagas. They must end. So must a Negotiation. This is the infor-
mation Negotiation contributes to Potential Agreement.

Resource Transfer
Resource Transfer events transfer resources from one resource to another. They
constitute a special kind of relationship between resources. For instance, a transfer
event might transfer information from one document to another. Both Document
and Information are resources (see Figure 2.2). Information is the resource being
transferred, and Document is the resource it is being transferred from and the
resource it is being transferred to. Similarly, transferring the possession of an item
from one person to another is also a resource transfer. In this case, the receiving and
sending resources are persons, and the resource being transferred is some polymor-
phism of Asset (see Figure 2.3).

Unlike the examples above, resources are not always transferred between simi-
lar resources. Some transfers might be between dissimilar resources. For instance,
possession of an item may be transferred from a person to an organization. Person
and Organization are different kinds of resources. However, any transfer of
resources must always involve three resources—the resource being transferred, the
resource it is transferred from, and the resource it is transferred to. Resource Trans-
fer is not only an event, but also a three-way relationship between resources. Thus,
Resource Transfer is a first order, third degree relationship.82 Box 10 tells us it is also
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The section on the Netmarket supply chain in Module 5, Section 3, on our Web site,
under “Supply Chain Standards,” discusses the dynamics of meetings with examples. It
discusses structure (see Box 59 in that document), the lack of structure, and how
unstructured processes are not necessarily unmanaged processes. Rather, their parame-
ters are determined as they are executed by governing processes, or are determined ran-
domly, without good governance. Naturally, the polymorphisms of Meeting will
depend on what its expected work products and resources are. Its work product(s) can
be any object in Figure 2.2, or their aggregations, interactions, and polymorphisms. The
work product determines the purpose of a process. See Module 5, Section 3, on our
Web site. The section on Netmarkets shows how even the purpose of an unstructured
meeting may be determined on the spur of the moment, during the meeting. However,
all the examples in that section were meetings of finite duration. They had clear begin-
nings and ends. The generic meeting of Figure 2.5 has even less structure. It could be an
indefinite, almost purposeless saga—even a saga without discrete events. This purpose-
less parent is the concept from which all meetings flow. The parent is important only
because its busy and purposeful descendants are the spinning wheels of business.

82. The Order and Degree of relationships was described in Box 10. See Module 5, Section 1, on our Web site under “Degrees of Combina-
tion” for details.



a process—a combination of Event and Relationship. Each normalizes a different
aspect of Resource Transfer.

Resource Transfer is a task—it must begin and clearly end. Tasks, unlike sagas,
are processes that have distinct ends (see Box 17). The resource transfer event
cannot be a saga by itself, but we could have a saga of resource transfer events in a
process.

A resource may be transferred, and it may be returned. Both events are resource
transfer events. Taken together, they are a composition—a loop that returns to end
at the transferring resource (see Figure 2.6). The last leg of the transfer, the return
event, might or might not return the same resource, but together the composition is
an Exchange. Indeed, both the forward and return legs of an exchange may consist
of several subprocesses, which taken together, would loop back to the point of
origin.

An exchange is clearly an idempotent relationship (see Box 10).83 It is perhaps
less clear that all transfers are polymorphisms of idempotent relationships. The dis-
cussion on polymorphisms of idempotent relationships in Box 10 tell us why (see
Box 18 for an example).84 Figure 2.5 articulates this fact, and demonstrates how
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Figure 2.6 An exchange is an idempotent relationship: (a) an exchange is a two-way transfer of
resources between resources; and (b) return is an idempotent composition.

83. See also idempotent compositions in Box 61 of the case study on our Web site.
84. Detailed discussions of polymorphisms of idempotent and other relationships are in Module 5, Section 4, and Module 6, Section 1, on

our Web site.



abstract universal truths, normalized by the Metamodel of Knowledge in [337],
flow into objects of interest to business. Business objects become meaningful
polymorphisms of the sparse and spare meta-objects in the Metamodel of Knowl-
edge. Thus is the circle between business and its meaning closed.

Transfer and Exchange are fundamental to the behavior of both the physical
world that frames business, and the core values at the heart of business. In this
section, we will discuss both. It all flows from the Metamodel of Knowledge. The
Metamodel of Knowledge is the fountainhead of the meanings that mesh—mesh
like the gears of your car, to create meanings at the heart of every business.

Exchange
An exchange is exactly that—a two-way exchange of resources. An information
exchange is a two-way exchange of information. An Exchange is a discrete event. It
must begin and end. An exchange can never be a saga, and neither may an informa-
tion exchange be a saga, but it could be a purposeless confabulation.

This makes Information Exchange a polymorphism with triple parents—Meet-
ing, Information Transfer, and Exchange, as shown in Figure 2.5. Information
Exchange is a meeting that always ends, and one that involves communication (an
exchange of information).85 Figure 116, Module 5, Section 4, on our Web site, tells
us that a task is a polymorphism of a saga.86 This hierarchy is hidden in Figure 2.5;
the hierarchy in Figure 2.5 has been flattened to avoid clutter (see Box 15). Hence,
Exchange also will be a polymorphism of an exchange saga. Thus, an agreement
(event), in which parties tell each other that they agree, is a polymorphism of the
agreement saga discussed under Meeting. It is included in, and implied by, the
subtyping relationship between Meeting and Information Exchange in Figure 2.5
(see inclusion polymorphism in Box 10). Clearly, the subtyping relationship
between Meeting and Information Exchange is inherited from the subtyping rela-
tionship between Saga and an event of finite duration, shown in the Metamodel of
Knowledge in Figure 116 on our Web site. It is yet another example of how the
Metamodel of Relationship embraces the Universal Perspective, creating the mean-
ing of business in polymorphisms and configurations without count.

Every exchange is a two-way exchange of resources. Thus, every exchange is a
relationship. An exchange is also an event of finite duration. Thus, an exchange is a
process of finite duration (see Box 10).

A multiway exchange may always be expressed as a composition of binary
exchanges. Of course, if an exchange in the collection depends on other exchanges,
then the collection will become a higher order process; that is, the process order is
greater than two (see Box 10). For instance, consider a negotiation. In a negotiation,
one party tables a proposal, and the other parties respond to it. It is a two-way
exchange of information if only two parties are negotiating, and a multiway
exchange if several parties are involved.
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85. Information Exchange inherits the fact that at least two (or more) persons or organizations are parties to the event, from Meeting; that
information is the resource being transferred between these parties, from Information Transfer; and that the transfer is a closed loop, an
exchange between the parties to the meeting, from Exchange. Thus, three patterns, Meeting, Information Transfer, and Exchange, join
as one to create a fourth—Information Exchange. It is an example of how meanings in the Universal Perspective engage each other to
create new meanings through their polymorphisms, even as they untangle and normalize meanings, rules, and information that are tan-
gled in the everyday world of business.

86. See Saga in Box 10.



The response of each party depends on the responses of the others. Thus, the
multiway exchange is also a multiway relationship. The order of this relationship
may change in response to events as parties drop in and out of the meeting, but as
long as there are two parties to the meeting, the meeting will remain a meeting, and
the exchange will remain an exchange. The events that added or removed parties
from the meeting may be considered governing processes normalized by Meeting.
Meeting normalizes this information because it is Meeting that normalizes the fact
that an information exchange must have at least two parties. This is also an example
of how the parameters of a relationship need not be cast in stone. Its order, degree,
or other features may change in time in response to its governance, or in response to
effects of events that impact the Meeting.87 This example also demonstrates how
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Box 18: Transfer Versus Exchange—A Difference of Perspective

Chains of transfer events that loop back to the same object are expres-
sions of idempotent relationships [see Figure 2.6(b)]. A relationship (and there-
fore a process) may have several expressions.88 It follows that the exchange may
be implemented in several ways, via different places, intermediaries, processes,
and process maps. Each will be a different expression, or implementation, of
the same exchange. Moreover, each expression considered as a whole will be a
subtype of the expression that it expresses. From this, we can infer that each
implementation of an exchange will be its subtype. This subtype tells us how
the exchange is implemented, and which intermediaries and processes are used.
The supertype captures the fact that all its implementations boil down to the
same end result (i.e., the same states and products); in other words, the same
exchange. It is common sense embedded in the metamodel of knowledge, and
common sense that uses the Universal Perspective as its conduit. Someone or
something has to put common sense into dumb automation. The Universal Per-
spective does.

Even if the exchange is a composition, it must consist of at least one
Return, because Exchange is an idempotent relationship. However, an
exchange may change into a nonidempotent relationship as we add informa-
tion to it. See Box 10, and details in Module 6, Section 1, on our Web site.
These polymorphisms of Resource Exchange will be nonreturning transfer
events. For instance, an organization may move resources from one part to
another. The organization is then transferring resources from itself, to itself,
which is clearly an idempotent transfer. However, if we discriminate between
the two parts of the organization and treat them as different organizations,
then the idempotent loop becomes a transfer that is not an exchange, but rather

87. Module 5, Section 3, on our Web site, discusses governance of structured and unstructured processes in detail; see “Processes That Gain
and Lose Structure” on our Web site.

88. Module 5, Section 1, on our Web site, discusses how aggregates are expressed by their compositions; Box 33, Module 5, Sections 2 and
3, and Chapter 6, Section 2, on our Web site, discuss that a relationship may have many expressions; Module 5, Section 4, and Module
6, Section 2, on our Web site, discuss why each such expression is a subtype of the relationship it expresses.
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a straightforward transfer of resources from one entity to another. The
information that caused this change was the fact that the organization
consisted of distinct and different parts, with the transfer occurring
between these parts. Thus, a Transfer, even a nonreturning transfer, is a poly-
morphism of Idempotent Relationship (as Figure 2.5 shows).

Does this also make Nonreturning Transfer a polymorphism of Exchange?
Yes indeed, it does—even though it defies common sense and intuition. Figure
2.5 has flattened and simplified this hierarchy between Exchange and
Nonreturning Transfer, to make the hierarchy easier to understand (see Box 15).
The example above shows us how we can reconcile these two diametrically
opposed perspectives. In Figure 2.5, it is implied by the fact that both looping
and nonreturning transfers are polymorphisms of Idempotent Relationship,
albeit one level removed. In our example, the idempotent parent normalized the
fact that the transfer was from an entity (i.e., an integral whole) to itself, and its
nonidempotent polymorphisms normalized the fact that the transfer was
between distinct parts of this integral whole.

Whether or not the exchange metamorphoses into an “ordinary,”
nonidempotent transfer depends on how granular a view of the organization we
take; that is, our perspective of it. Even as we break the organization into its
parts, we might not have added enough information to distinguish between the
parts a particular idempotent transfer has connected. That polymorphism of the
exchange will remain an exchange, because the polymorphism of the original
idempotent relationship remained an idempotent relationship. Thus,
polymorphisms of exchange, and indeed any idempotent relationship, may or
may not be idempotent. Module 6, Section 1, on our Web site, describes how
these kinds of shifting perspectives flow from the Metamodel of Knowledge.
Thus, an electronic repository of knowledge artifacts that recognizes the
metamodel will have the capability to resolve these differences in perspective.
One will metamorphose into the other, depending on the amount of informa-
tion available and the level of detail required. The Metamodel of Knowledge in
[337] is the ultimate arbiter at the core of the Universal Perspective.

Figure 2.6(b) shows that a Resource Exchange must consist of89 at least one
transfer relationship. It could also consist of several relationships. Transfer rela-
tionships are clearly antisymmetrical relationships.90 They will be asymmetrical
unless a resource, such as a person or an organization, transfers another
resource back to itself, in which case, the direction of transfer will not matter.

A Return Event is a kind of transfer. It is a subtype of Resource Transfer.
Every resource exchange must consist of at least one transfer. However, the
reverse is not true. A resource transfer event may not be a part of any exchange
relationship; it might be a straightforward transfer of resources that are never
returned. If the exchange is a single transfer, the Return Event merges into this
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89. Consist of is discussed briefly in Box 12. The details are in Module 5, Section 2. See “Location, Containment, and Incorporation” on our
Web site.

90. See antisymmetry in Box 10.



processes inherit governance and other features from their supertypes. Exchange
will be governed if Meeting is governed. It is implied.

Every exchange is at least a two-way process; exchanges imply responses or
acknowledgements. Thus, an exchange is a chain of resource transfer events that
loops back to the originator. It implies that an exchange is idempotent with respect
to an originator (see idempotency in Box 10). Idempotent chains are described in
Box 61, under the case study on our Web site. The concept of Return is implicit in
Exchange. To understand Exchange, we must understand Return. That will be our
next step.
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Box 19: Exchanges, Returns, and Idempotent Relationships

An idempotent ring, or chain of relationships, fused together as an
integral whole, will constitute an idempotent relationship.91 The composition
will be asymmetrical if at least one relationship in the composition is asymmet-
rical. This will be true even when it is not an event or process, and has nothing
to do with changes caused by time. When we add time, the relationship
becomes an idempotent process that swings around and restores an object to
its original state or substate. See Box 61 in the case study on our Web site.

The generic return event of Figure 2.5 is the last leg of the looping compo-
sition through state space.92 A generic return is the leg that ends where the first
leg of the composition started. Of course, both legs may be compositions and
chains of relationships themselves. See Box 61 in the case study on our Web
site. If these chains merge into one loop and lose their individual identities,
then the idempotent loop will be a single object, without any known internal
structure; the exchange and return will become one. They will merge into the
single unbroken idempotent loop, an object that is both an exchange and a
return—an exchange with itself, and therefore a return from itself to itself.

A return through state space is the most generic of returns, and an
exchange in state space is a composition of paths that collectively loop back to
the point of origin, restoring the original state (see Figure 2.6). Polymorphisms
of this generic Exchange and Return swing through subspaces that may ignore
some features (e.g., axes) of the total space. For example, returning to the same
geographical location after a trip, returning a borrowed item to its owner, and
restoring stolen property to rightful owners are all polymorphisms of this
generic return. Each loop, like the string of places visited on the tour, or the
chain of people in possession of an item, is a polymorphism of Exchange. In
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91. This is discussed in Module 5, Section 2, on our Web site.
92. See State Space and trajectories through it in Chapter 2, Section 2, in [337].

sole transfer event (see Box 19). Thus, every Resource Exchange will
consist of one transfer event, even if that transfer event is itself.
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Return and Reversal
The most generic form of return is the asymmetrical form of the idempotent rela-
tionship (see Box 10). It lies at the root of every exchange and return, a spare and
hidden spirit without business substance; exchanges and returns lend it form.

Returning a resource is common business practice. It could be a borrowed or
purchased item being returned, or a return for any other reason. Return is an event
and a process. It is a part, and the last leg, of an exchange. It is thus the last leg of an
idempotent composition of processes—idempotent chains like those in Box 19 and
Figure 2.6. As Figure 2.6 shows, the other legs of the composition are also Transfer
events, but a return is special. It is a transfer event that transfers back to the begin-
ning of the loop. It is a subtype and polymorphism of Resource Transfer.

Transportation, Information Transfer, and its subtype Transfer of Possession,
are all polymorphisms of Resource Transfer, in partitions that are independent of
the partition that has Nonreturning Transfer and Exchange (see Figure 2.5). It fol-
lows that the subtyping hierarchy in Figure 2.5 lets Transportation and Transfer of
Possession be Nonreturning Transfers that do not loop back to their point of origin.
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the first example, the traveler on the trip may have started fresh and
returned tired. In considering the traveler’s state at the end of the
round trip, we only considered his or her location in physical space
when we called it a closed, idempotent loop; we ignored his or her libido in
state space. In the second example, when we considered the chain of people
who took possession of the item, we ignored the geographical location of the
item. The item may have stayed in the same physical location as it switched
owners. Indeed, financial securities are often traded in this manner. The
actual certificate remains immobile in the vault of a depository even as its
ownership changes. In each example, when we called the chain of resources
an idempotent loop, we ignored different aspects and features of the ex-
change. The exchange in each example was a polymorphism of the generic
Exchange of Figure 2.5 (and Figure 2.6). Each polymorphism was
idempotent in a different subspace. It was idempotent with respect to one or
more features of the resources in the exchange.

An exchange will be idempotent even when it is a barter that does not
involve the same item. Then, the loop may not be idempotent with respect to
the resource being transferred, but it still will be idempotent with respect to
the resources doing the bartering. These resources could be persons, organi-
zations, and even places (or any other resource in Figure 2.2).

The Metamodel of Knowledge in [337] has a return relationship. It cap-
tures the meaning of Return in its most generic, nontemporal form. Figure 2.5
shows the fragment of the metamodel that has this relationship. It is an asym-
metrical relationship that may or not be temporal. Combined with Event, it
becomes a return event. Box 10 demonstrated that a task is a polymorphism
of event. A Task, unlike a saga, is a process that has a clear and definite end.
Return in this section on events will always mean the Return Event (which is
also the Return Task), unless we qualify the term otherwise.
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Neither does the subtyping hierarchy bar Transportation and Transfer of Posses-
sion from looping back to the origin.93 When they do loop back, they are still Trans-
portation or Transfer of Possession events, but they are polymorphisms of Resource
Transfer that not only transfer, but also return. Indeed, a transfer event even could
be a return event that closes the loop [as in Figure 2.6(b)], and turns a nonreturning
transfer into a (Resource) Exchange. The hierarchy in Figure 2.5 provides for every
possibility. It does so by following the natural hierarchy of information embedded
in generic meanings at the heart of business.

A return event will be the last event in a Resource Exchange, but it need not
return the same resource to the point of origin. A different resource might close the
exchange [see Figure 2.7(a)]. Thus, a return event must be a part of every exchange,
but not every Resource Exchange will have a Resource Return embedded in it. The
same event might even complete several exchanges simultaneously. Figures 2.5 and
2.7 articulate this.

A Resource Return constrains a resource exchange, so that the chain (sequence)
of events that we collectively call the exchange not only loops back to its originator,
but the same resource also comes back to its originator [see Figure 2.7(b)]. A
Resource Returning Exchange is thus idempotent with respect to the resource being
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Figure 2.7 A Resource Returning Exchange transfers and returns the same resource: (a) an
exchange may, or may not, return the same resource; and (b) a Resource Return returns the same
resource.

93. As we will see later in this section, Transportation and Transfer of Possession sometimes may be barred from looping back to the origin.
For example, we cannot be transported back in time, a time slot that has been used can never be restored, or sometimes the terms of sale
may simply bar returns. These kinds of unreturnable resource transfers are more constrained than returnable transfers. It follows from
the discussion Box 62 under Product Engineering, and Module 6, Section 2 (both on our Web site), that these constrained, nonreturn-
able transfers will be polymorphisms (i.e., subtypes) of transfers that do not bar returns. (A thoughtful reader may ask the question: Can
a physically unreturnable transfer, such as transportation from the past to the present, be considered a polymorphism of a nonreturn-
able transfer that merely bars a return to a previous state with a rule that might be relaxed? Hint: Can there be constraints on con-
straints—on their removal or attachment? Which patterns will be more constrained, with fewer degrees of freedom in information
space?)



transferred and the origin of the transfer. Thus, a Resource Returning Exchange is a
polymorphism of Resource Exchange. It is implied by the relationship between
Resource Exchange and Resource Return (task) in Figure 2.5. The origin of the
resource in question also will be a resource, such as a place, a person, an organiza-
tion, or even a document.94 The origin can be any resource in Figure 2.2. That
resource will be the context of the return. This context will frame the meaning of
Return.

A Resource Return may have many polymorphisms. For example, a repurchase
is a resource return, as is the return of borrowed resources or the return of shipped
items to their point of origin. However, an event cannot always be returned. An
event, such as a time slot sold and utilized, cannot be literally returned after it drifts
into the past. The moving finger of time passes on, and cannot return.

Another transfer that the parties involved may deem to be equivalent might then
substitute for the resource that cannot, or will not, be returned. The “return” of the
substitute resource will then reverse the transfer of the unreturnable resource.95 This
kind of reversal is a polymorphism of Return. It adds information on the equiva-
lence of resources (or combinations of resources) with the resource that was trans-
ferred in the context of the event that must be reversed. A reversal conveys more
information than a generic return. The generic return also transfers resources, but
has no information on the equivalence of these resources with respect to any other
transfer events; a reversal does. Thus, a reversal is a polymorphism of Return.

A bald resource transfer is a transfer of a resource from one resource to another
(or, when the transfer is an exchange, from a resource back to itself). The moment
we add business intent to the resource transfer, we make it a polymorphism of the
generic resource transfer, because we have added information. The information we
have added is business intent. Similarly, a return is the last leg of an idempotent
transfer. When we add business intent to this relationship, it becomes a polymor-
phism of a generic return. The intent often is to compensate for the forward leg of
the transfer. Barter, trade, and purchase—the basic values that shape the meaning
of business—emerge from this polymorphism of Exchange. The equivalence of
resources between the forward and return legs of an exchange exists in a context.
That context is compensation in terms of some value (usually the economic value
we discussed in Box 13), but the equivalence may be in the context of other values,
such as the equivalence of mass, energy, persons, organizations, credentials, and so
forth. They all can add business or physical meaning to the equivalence of transfers
or reversals.

A reversal must always have a context—the resource transfer event it is revers-
ing, and the resources (products of the event) it is reversing. The reversal may even
be ordinally scaled or quantitatively scaled in this context, conveying information
on the order of preference and quantum of substitute resources that will do. It is a
polymorphism of the generic reversible process in the Metamodel of Knowledge
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94. Note that the beginning or end of any of the relationships in Figure 2.6(b) might be considered to be the origin of the resource. Similar to
the incoming and outgoing payments we discussed, the origin of a resource is a matter of perspective. Resource Exchange is a special
kind of relationship between resources—resources being transferred, and transferring resources; that is, the resources from (or to) which
the resource is being transferred. Origin is a state of a transferring resource that changes with changing perspective; the identity of the
resource (instance) does not. This is an example of a change of state that does not involve a process or the flow of time in any way.
Instead, it is attached to Perspective, and changes when the Perspective does.

95. Module 5, Section 3, discusses process reversibility in detail. See “Processes, Events and Temporal Relationships” on our Web site.



(see Box 30), and will inherit its attributes, such as the efficiency of reversion,
repeatability of reversion, and others.

A Resource Return is subject to further constraints. A Resource Return man-
dates that the resource transferred in a reversal cannot just be any resource, but it
must be the same instance of the resource that was transferred in the forward leg.96

It is a stringent constraint. Thus, a Resource Return is a strictly constrained form,
and a polymorphism, of Reversal (see Box 14). Like a reversal, a resource return
may convey quantitative information. This behavior is inherited from Reversal, and
is a form of inclusion polymorphism (see Box 10).97 Thus, we may have partial
returns, or even reversals that involve returning a larger quantity of the resource
than was transferred in the forward leg of the exchange.98

A generic return does not constrain the resource being returned in any way. It
only requires that some resource be returned to the origin of the exchange. It could
even be an empty truck returning to a warehouse. However, even a generic return is
a constrained pattern that only exists in the context of another transfer; that is, a
transfer from the origin [the forward leg of Figure 2.7(a)]. In each context, Return
(and Transfer) is a polymorphism that looks different not only because the resource
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96. A Resource Return mandates that the same instance of the resource be returned in an exchange. There are less strict forms of reversion
that will be polymorphisms at intermediate levels between Reversal and Resource Return. For instance, the return might merely man-
date that the same class, not the same instance, of resource be returned. This is clearly a polymorphism of reversal that is not constrained
as much as the Resource Return we have defined in this book. These intermediate levels have not been shown in Figure 2.5. They may be
many—indeed, they are too many to show. As we know, any feature, or even any combination of features, may describe a class. For sim-
ilar reasons, we have not shown ordinal or quantitative polymorphisms of Reversal in Figure 2.5. Box 10 describes quantitative
polymorphisms of occurrences. They are polymorphisms in a partition, which is different from the partition that leads to Resource
Return. Thus, Resource Return may also convey nominal, ordinal, or quantitative information. These polymorphisms are generic to all
relationships, and are implied by the Metamodel of Relationship (Figure 116) on our Web site. All relationships, including reversals and
returns, will inherit the hierarchy of rule expressions in the figure, which shows occurrence relationships, Boolean conditions, sequenc-
ing rules, difference, and ratio scaled arithmetic expressions in a descending hierarchy of polymorphisms.

97. Inclusion Polymorphism is discussed in detail in Box 21 on our Web site. See also the note on inclusion polymorphism.
98. The parties involved in an exchange could agree that a partial return will be adequate to compensate for the earlier transfer. Although it

does not restore the resource to its original state, a partial return could reverse the forward leg of the transfer. In terms of the discussion
on reversible processes in Module 5, Section 3, on our Web site, the efficiency of the reversion is less than 100%, but it is still a reversion.
See Processes, Events and Temporal Relationships on our Web site. The parties in an exchange could also agree that the return of a
larger quantity than was originally transferred is necessary to compensate for the forward leg of the transfer (e.g., a return with interest
added to the principal amount of a loan). In this case, we could say that the efficiency of the reversion (with reference to the discussion on
reversibility of processes in Module 5, Section 3, on our Web site) is greater than 100%. Although this formulation of a return might
sound unconventional, it is identical to the concept of efficiency of reversions discussed on our Web site. It sounds unusual only because
we do not usually frame it in normal business parlance.

99. Chapter 4, Section 1, in [337], discusses Essential Patterns under Patterns. The essence of a pattern gives it meaning and distinguishes
the pattern from other patterns. It is tied to the degree of freedom of the pattern to be that pattern. See “Mutable Perspectives” on our
Web site.

100. Rule expressions discussed in [337]. See Chapter 3 in [337]; also see Box 43 (in the context of subtyping) and Figure 116 (the Metamodel
of Relationship), both on our Web site.

Rules of substitution are normalized by reversals. The essential pattern99 that Reversal
normalizes and adds to Return consists of resource equivalence, preference, and quan-
tum, all in the context of the Return event. Thus, polymorphisms of reversal may be
ordinal or quantitative rule expressions.100 For substitute resources in an exchange,
these rules tell us the quantity and order of preference of the substitutes. A resource
return is a reversal in which the resource that was transferred is also returned. It is a
polymorphism.



being transferred is different, but also because the originating and the terminal
resources are different. Each polymorphism picks a different meaning for each
resource from Figure 2.2 (or from polymorphisms of the resources in Figure 2.2).

The possibilities are enormous and too many to count. These polymorphisms
are masks that hide the common meaning of Return. In the Universal Perspective,
these polymorphisms vanish, and Return stands unmasked in its true scope, an
undivided meaning, simplified, and unfragmented.

Among these polymorphisms, Resource Return alone restores the resource to its
original (sub)state. A reversal must always reference another transfer of resource
event and the resource it is carrying. A Resource Return is a polymorphism of
Reversal. Therefore, Resource Return inherits this fact from Reversal. In any kind
of reversal, including a Resource Return, the resource being transferred, and the
resource being returned, form an idempotent loop, as the origin and destination of
the transfer also do, as shown by the Resource Returning Exchange of Figure 2.7(b)
(and Figure 2.5). The loop is idempotent in a nominally scaled state space that con-
sists of the identities of the transferring resource, the receiving resource, and the
resource being transferred. The axes of the state space that frames the loop are
defined by these instance identifiers.101 The loop may be a composition of transfer
events [see Figure 2.6(b)], and each individual transfer might transfer a different
resource to the next resource in the chain. As long as the final transfer returns the
same resource to its origin, the loop is idempotent with respect to both the resource
that was transferred and the origin of the transfer. Both Resource Return and Rever-
sal are patterns of information. Their meanings spring from this abstract pattern in
state space.

Indeed, even when it does not return the same resource, any Return will
depend on an earlier resource transfer event for its very existence and meaning.
Return is a polymorphism of Resource Transfer. Resource Transfer, Return, and
polymorphisms of Return, are meanings that flow from patterns of information.

A return is a kind of transfer event, which is a subtype and a polymorphism of
an idempotent transfer that may or may not be idempotent (see Boxes 18 and 19).102

Return is also the final subprocess in an asymmetrical idempotent loop (see Box 10).
This gives Return its unique meaning and essence. This is the essential pattern in
Return.103

Unmasked, Return stands exposed and undisguised—a normalized component
of the knowledge machine, ready for use in any of its countless forms. It was the
Universal Perspective that unmasked Return. As you forge ahead, remember that
Return was but an example of how meanings are forged from the Universal Perspec-
tive by the knowledge machine. These meanings are patterns of pure and abstract
information that we can use and reuse to forge even more meanings.

Negotiation
Negotiation is a common business event, even more common than the agree-
ments to which they sometimes lead. A Negotiation is clearly a polymorphism of
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101. State Space is described in Chapter 2, Section 3, in [337]; and patterns in nominally scaled state space are discussed in Chapter 4, Section
1, in [337].

102. Module 5, Section 4, on our Web site, discusses polymorphisms of idempotent relationships in detail. See The metamodel of relationship
on our Web site.

103. Chapter 4, Section 1 [337], discusses essential patterns. See “Mutable Perspectives” in Module 5 on our Web site.



information exchange; every negotiation exchanges information. In a negotiation,
one party tables a proposal, and the other parties respond to it. Thus, a negotiation
is a subtype of Information Exchange, and Information Exchange is a poly-
morphism of Meeting (as described under Meeting). Thus, negotiations are
once-removed polymorphisms of Meeting. Indeed, as we have seen when we dis-
cussed Meetings, Negotiation is also a polymorphism of a potential Agreement.

In order to agree, the parties to the potential agreement must negotiate. To
negotiate, they must meet, either physically or virtually. They must exchange infor-
mation, opinions, and proposals. They must also express their agreement and dis-
agreement to each other. In other words, they must communicate.

This communication could even be by snail mail, but it is still communication,
and communication involves an exchange. Unlike a saga, an exchange of informa-
tion is a definitive event. It begins and ends. Although these exchanges may go on
forever, creating an unending or indefinite saga of exchanges, we cannot call this
train of events an exchange. It is a saga of exchanges. Similarly, Negotiation is a dis-
crete event, but it is conceivable (however improbable it might be) that a train of dis-
crete negotiation events may drag on with no end in sight. This train of events will
be a saga of negotiations, which is distinct and different from Negotiation, the dis-
crete event. All negotiations end. They are all exchanges. Negotiation, by itself, can
never be a Saga. Its definition prevents it from being a saga. This part of its defini-
tion lies in Exchange (resource exchange). As unlikely as it may sound, if we
acknowledge that information is a resource, then we must also acknowledge that
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Box 20: Returns and Reversible Processes

A Return reverses a transfer event, even if it does not reference the
resource that the event transferred [see Figure 2.6(a) and Box 19]. Return also
depends on that transfer event for its very existence.104

The origin of the transfer may be considered a resource (an input) to the
process that is the forward leg of the transfer in Figure 2.7(a), as may the
resource being transferred (see Boxes 10 and 30). The same origin also may be
considered the work product of the return leg of the transfer. Thus, the return
leg reverses the forward leg of the transfer. See the discussion on reversibility
of processes in Module 5, Section 3, on our Web site; and Box 30 of this
book. If the transfer is a Resource Returning Transfer, then the return leg also
restores the transferred resource, and hence is a reversal of the forward leg
with respect to both the origin and the resource that was transferred. The
properties of reversible processes frame the different polymorphisms of
Return. See Module 5, Section 3, on our Web site.

Thus, Transfer, Return, and Exchange all have their roots in the
Metamodel of Knowledge. They all grow from it. The metamodel is their sub-
stance, and they are its expression.

20

104. Module 5, Sections 2 and 3, on our Web site, describe existence dependency and the reversibility of processes, respectively.



Negotiation is a subtype and a polymorphism of Resource Exchange (abbreviated
to Exchange in Figure 2.5).

No exchange is a saga, and neither can a negotiation be a saga. Each negotia-
tion is a session. Of course, we may divide the session into shorter sessions, depend-
ing on how granular our information needs about the negotiation are. Typically,
these shorter sessions might be captured in the minutes of the meeting. Every Nego-
tiation, like all other exchanges, must have a clear beginning and a definitive end. It
is a fact that Negotiation inherits from Task through Resource Transfer and
finally, Exchange.105 Contrast the position of Negotiation in Figure 2.5 with the
position of Agreement. Figure 2.5 clearly articulates that meetings and agreements
may be sagas, whereas negotiations must exchange limited information in limited
time frames.

Figure 2.5 also shows common states of Negotiation, which as we know, will be
subtypes (i.e., polymorphisms) of the event. Negotiations may be closed or open.
The mark of a closed negotiation is that it is a process that has ended. An open nego-
tiation is a negotiation in progress.

A negotiation usually closes in one of two states, success or failure. Success
implies agreement, and failure implies disagreement. However, it is possible that the
negotiation was closed for other reasons. For instance, a party to the negotiation
may cease to exist, and the negotiation might be closed without agreement or dis-
agreement. Similarly, external events (e.g., a deadline, an external business event, or
some kind of higher order governance) might force a negotiation to end prema-
turely, without agreement, and without irreconcilable differences. Thus, closure of
a negotiation exists in a partition that is independent of agreement or disagreement.
It is not only in closed negotiations that parties agree or disagree; they also do so in
open, ongoing negotiations. For instance, parties to an ongoing, open negotiation
may be in disagreement, and may be discussing ways of narrowing their disagree-
ments, so that they can reach an agreement. Thus, closed negotiations may or may
not close in agreement, and open negotiations may or may not be in a state of agree-
ment. Agreement and disagreement are independent of closure of a negotiation. Fig-
ure 2.5 articulates this.

Open negotiations may also be renegotiations. Renegotiations are open
negotiations related to another negotiation. A renegotiation and the negotiation(s)
it is renegotiating are idempotent with respect to terms and conditions. The
renegotiation addresses the same terms and conditions as the negotiation(s) it is
renegotiating.106 That negotiation may have been a closed negotiation that was
reopened, or it may be a negotiation that was left open and incomplete in a previous
session. Thus, Renegotiation is a role of Negotiation that emerges from an asym-
metrical, recursive relationship (see Box 10) with another negotiation. The relation-
ship is asymmetrical, because negotiation (and hence renegotiation) is a process.
Renegotiation can only negotiate an earlier negotiation. Like any negotiation, a
renegotiation may be closed successfully or not.

A successful negotiation is an agreement and an affirmation. It is also a
closed negotiation. An unsuccessful negotiation is a negotiation that closes in
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105. Although individual negotiation events will have definitive ends, it is conceivable (but highly improbable) that a series of discrete negoti-
ations may drag out in an endless saga of discrete events.

106. Module 6, Section 4, on our Web site, discusses idempotent compositions in detail. See The “Metamodel of Relationship” on our Web
site.



disagreement. However, an open negotiation also may be in a state of affirmation or
disagreement. Thus, affirmation does not always imply a negotiation successfully
closed, but a successful negotiation always implies affirmation. Similarly, disagree-
ment does not always imply failure of a negotiation, but a failed negotiation always
implies disagreement. It follows that a successful negotiation is a closed negotiation
that is also a polymorphism of affirmation. For similar reasons, a failed negotiation
is a closed negotiation that is a polymorphism of Disagreement (as Figure 2.5 articu-
lates).107 As we have seen, failed and successful negotiations do not exhaustively
categorize all possible closed negotiations. Negotiations may also be interrupted
and closed without ending in either state. These interrupted states, Suspended, and
Cancelled, Waiting for event (or latent, which is a subtype of Suspended) shared by
all processes and inherited from the metamodel of process, were described under
States of an Event, in Module 5, Section 3. Figure 116 on our Web site includes the
Metamodel of Process, as an integral part of the Metamodel of Relationship.108

Agreement and Confirmation
Consider Agreement. Businesses thrive on agreements, both formal and informal.
Some are legal, subject to processes in courts of law, while others may be recorded
without any legal standing. Some might even be verbal commitments with no writ-
ten record. An agreement occurs at a particular time. The occurrence of an agree-
ment is therefore an event. An agreement is valid for a particular period. That
period of validity is also an event. Its terms and conditions are information about
rights and resources. Thus, terms and conditions are polymorphisms of Information
(the object in Figure 2.1), distinct from the event called Agreement. We will return
to terms and conditions later in this chapter. In this section, we will focus on the
aspect of Agreement that makes it an event.

There must always be two parties to an agreement. There may be more. An
agreement inherits this feature from Meeting. Agreement, the class, also inherits the
fact that it could be a saga from Meeting (see Saga in Box 17). Although uncom-
mon, some agreements may be valid for an indefinite period, even to perpetuity.
Thus, an agreement even could be a saga without discrete events.

A limitation on its duration turns a meeting into a discrete information
exchange process. Agreements also will inherit this behavior. Some agreements will
be events of finite duration made in meetings of finite duration. Both will be
polymorphisms of Agreement.

Some agreements could be sagas, as described under Meeting. A Resource
Exchange is also a polymorphism of Saga. Therefore, Information Exchange, its
subtype, inherits this fact.109 A saga may metamorphose into an exchange if it is con-
strained to clearly and definitively end, but an exchange can only become a saga if
we dilute its meaning and make it less specific, and by doing so, remove its definitive
end. Thus, even agreements that are definitive exchanges are polymorphisms of
those that are sagas. Sagas, as we saw in Box 17 and under Meeting, may or may not
be sagas of discrete events.
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107. As an exercise for the thoughtful reader, consider the questions: Is coercion a form of affirmation? Would you call it a successful
negotiation?

108. Other universal states of events discussed on our Web site are: Not Started, Started, Finished, and for events of infinitesimal duration,
Not Occurred and Occurred.

109. Resource Exchange has been abbreviated to Exchange, and labeled thus in Figure 2.5. Module 5, Section 4, and Figure 116, in “The
Metamodel of Relationship” on our Web site, show that processes of finite duration are polymorphisms of Sagas.



Negotiations often lead to agreements, and the affirmation of agreements must
be formally accepted before they become binding on the parties concerned. Until the
agreement is sealed (confirmed), it does not bind these parties. The formal accep-
tance, the confirmation of the agreement that binds each party, is also an event.
However, unlike the generic agreement (in Figures 2.5 and 2.6), affirmations and
confirmations must end. The confirmation binds each party to the terms of the
agreement as it ends. The parties agree to agree. They confirm. This is clearly a kind
of Exchange, and an agreement. Information Exchange is a kind of Resource
Exchange, in which information is being exchanged.

Thus, Affirmation is a subtype of Information Exchange, but one level
removed. It is a direct polymorphism of Negotiation. Affirmation affirms concur-
rence on Terms and Conditions being negotiated, and changes a negotiation into an
actual, not just a potential, agreement. Sealing an agreement (i.e., Confirmation in
Figure 2.5) is more binding and constraining than its affirmation. It binds the par-
ties in a negotiation to the terms of the Agreement. Thus, confirmation is a subtype
of affirmation.110 Figure 2.5 articulates this.

The example above also shows how objects in the Universal Perspective meta-
morphose into more specialized, information-rich subordinate business objects,
even as they inherit shared meanings from information-sparse parents, and simulta-
neously normalize the meanings they add. Thus, Negotiation, the resulting Agree-
ment, its affirmation, and confirmation are all states of Information Exchange, their
common parent. These events change the state of Terms and Conditions, the infor-
mation associated with an instance of Negotiation, or Agreement. Perhaps Informa-
tion Exchange, or simply Exchange, is the better word.

Many agreements are recorded on documents. The document records informa-
tion, and the agreement (or exchange) event lends a unique identity to this informa-
tion. The information is the “terms and conditions” of the agreement (or the
information exchange) event. Even if the terms and conditions of another agree-
ment (or information exchange) are identical, the terms and conditions of each
event will have distinct and different identities. Each will be a distinct instance of
term and condition embedded in the relationship, between the event and a subclass
of information called terms and conditions. Each has borrowed its distinct identity
from the distinct event with which it is associated. The relationship is the class that
represents this interaction. The terms and conditions are information. Figure 2.9
shows this.

This information is not only recorded in a document, but the information also
may be recorded in several documents. These documents may be copied or refor-
matted without changing the substance of the agreement (i.e., the information in it),
or the occurrence of Agreement. This Agreement is the business event in Figure 2.5.
The terms and conditions of the agreement are polymorphisms of the generic entity
labeled Information in Figure 2.2, and the documents that record this information
(and hence the agreement) are polymorphisms of the generic entity labeled Docu-
ment in Figure 2.2.
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110. The pricinples described in detail in [337] tell us that a constraint conveys information; therefore, constraining an object turns it into a
subtype. This is reaffirmed by the information on our Web site in Boxes 43 and 62 and Module 6, Section 2. The arguments in Module 6
show that features of objects also may be considered kinds (polymorphisms) of constraints.



The common information in written records of different documents, the docu-
ments that record and format this information, and the events that gave them birth,
must not be confused with each other. Otherwise, meanings might be replicated and
processes made inflexible. We can only ensure this when we distinguish between the
polymorphisms of the primal object in Figure 2.1. We must apply these distinctions
to the agreement to sift through and separate its mixed meanings, and to give each
meaning of Agreement (or Information Exchange) a unique identity. We must dis-
tinguish between three versions of the Agreement: its document version; the event
and exchange version; and the information version that completes the collection of
terms and conditions associated with the exchange. Clearly, terms and conditions
may also involve events (e.g., the term of an agreement is an event), but this involve-
ment is different from the relationship we are discussing here.

An agreement valid in a court of law need not always be a written agreement.
For instance, some kinds of insurance policies in the United States bind the insurer
even before the policy is committed to paper. Some kinds of nuptial agreements in
India need only witnesses and not written records. In both cases, the agreement is
legally binding on both parties. It suffices that the agreement event can be proven,
even if it is not documented. Thus, legal recognition (or lack of it) is independent of
whether the agreement is documented or not. They are different partitions of
Agreement.

A Right is a term and condition related to an agreement. For example, the right
to drive is a term and condition of an agreement between an individual and a Gov-
ernment (i.e., an organization). Even freedom of speech is a term and condition of
an agreement made in perpetuity—an agreement between the nation (i.e., an orga-
nization) and its individual citizens. Of course, an agreement may simultaneously
involve and package several rights into one cohesive Bill of Rights, as the Constitu-
tion does. In step with Agreement, rights may be formal or not; written or not; and,
of course, some, like the right to use a resource (e.g., a broadcasting medium), may
even be sold. We have acknowledged this behavior by acknowledging that informa-
tion may be an asset. Agreement was an event that sealed the Right to make it an
Asset, and Assets may be sold, even if they are pure Information. Of course, Rights
that are sold, used, lent, leased, gifted, or revoked111 must always reference the origi-
nal agreement that gave them birth.

Thus to normalize knowledge, we must distinguish between the polymorphisms
of the primal object articulated in the Universal Perspective we are now unmasking.
Objects of interest to business are aggregations and interactions between
polymorphisms of the objects in Figure 2.2. Behaviors of these polymorphisms are
inextricably tangled in business meanings and concepts. Unless we sift through their
behavior and unmask these polymorphisms, it will be hard to normalize behavior.
Consequently, the risk and cost of change will continue to be high. The Universal
Perspective helps us sift, untangle, and allocate.

Keeping track of conflicting agreements, riders, and modifications can become
very complex in large, complex, dispersed, and diverse organizations or supply
chains. Separating the substance of an agreement (i.e., its information content), the
event that marks the agreement, and its record on a document, are all key to
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111. Revocation is a polymorphism of Reversal. Module 5, Section 3, on our Web site, discusses Reversal. Reversals must always reverse a
past instance of a process.



tracking agreements and their consistency. We must sift, untangle, and allocate in
order to do this well. The Universal Perspective is the key.

Transfer of Possession and Resource Use
A product or resource may change hands. A sale (or gift) is one polymorphism of
this kind of event. The title (ownership) of a product changes hands by mutual con-
sent in a sale (or gift). Thus, Sale and Gift are polymorphisms of this nameless trans-
fer-of-title event, which in turn is a polymorphism of Agreement (the event).112

When we consider either, we must separate the event that transfers possession from
the resource that is transferred, and separate both from the event that transfers
the resource.113 Only then can we frame a flexible business process—one that
grows naturally from the universal perspective, normalizing information even as it
takes shape.

Indeed, the agreement is only a state of the negotiation that ends in agreement.
It may also fail, and the sale would not occur. Even if the negotiation is too trivial or
short to be of interest to the business model (e.g., when consumer items are pur-
chased on impulse), negotiation always precedes a sale, and the ultimate agreement
that transfers possession will always be a state of Negotiation, a polymorphism. If
we are not interested in the negotiation that led to the agreement, then we may
always flatten the hierarchy in Figure 2.5. Box 15 gives us the terms of reference
for this.

Transfer of ownership is only one polymorphism of transfer of possession. A
product or resource might also be lent. Lending and transfer of title are common
patterns at the heart of business. Lending and transferring ownership are also mutu-
ally exclusive, as Figure 2.5 makes clear. However, note that lending is distinct and
different from usage. For instance, a bank may lend you money, but you may not
use it. A lender might creatively configure a financial product and charge you only
for the part you use. A telephone company does not lend or sell you its network, but
will charge you for its use. Thus, the use of a resource also can be a product that a
firm may position for sale. It is an event, an occurrence in time, that is being sold.
This is why resource use is an event, and Product Use is its saleable polymorphism.

“Lending” and “Use” are meanings often inextricably mixed and consequently
confused. To build flexible processes, we must separate and normalize each. Use is
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112. Figure 2.5 makes clear that Sale and Gift are mutually exclusive subtypes in a partition of meaning. Gift is an event in which ownership
is transferred without requiring a barter or exchange of funds. Indeed, both are barred. The giving of a gift must not depend on receiving
another in exchange, or on paying for it. If this were the case, then it would be a sale. Figure 2.5 shows that both Sale and Gift inherit the
fact that they are agreements from Negotiation. Note how the gifting event, which we have called Gift in Figure 2.5, is distinct from the
resource being gifted, which we could also call Gift. When we consider either Sale or Gift, or even the lending event, we must separate
the event that transfers possession from the resource that is transferred, and both from the event that transfers the resource. Each is a dis-
tinct and different object, with a distinct business meaning. Each normalizes different kinds of information. Business processes will only
be flexible if we isolate each meaning in a different object, so that their interactions are clearly isolated components of knowledge that
we can reconfigure at will.

113. Theft is an example of a transfer of resources without prior agreement. Even when it is not a theft, and a sale has been executed, the new
owner might not get physical possession of the item at the time he or she buys it. Indeed, the new owner could have physical possession
before the actual sale (e.g., when he or she buys an item already leased to him or her, or when an owner uses an item on a trial basis before
confirming the sale). Thus, separating Transfer of Possession, a subtype of Agreement in Figure 2.5, from transfer of resources, which
might occur with or without a supporting agreement, is the right thing to do. The business processes may then support innovative ways of
doing business. Corporations will be free to configure different kinds of dependencies between the two kinds of events. The events will be
reusable components borrowed from the Universal Perspective. Thus, the Universal Perspective and the Metamodel of Knowledge pro-
vide plenty of room for creatively configuring processes to maximize business advantage and to support process innovation.



derived from the defining relationship between a process and its resource (see Box
10). It becomes the Usage event when time is added to the relationship. A lent item,
on the other hand, does not have to be used; it only gives the borrower the right to
use it. Each meaning may be supported by a different kind of agreement. This
agreement is the event in which parties agree to the sale, which is different from the
actual event when a resource is actually delivered, which in turn is different from the
event in which the resource was actually used. Indeed, it is common sense that a
resource does not have to be a business product that has been bought or borrowed
in order to be used. Therefore, it is also clear that (Business) product use is a sub-
type, a polymorphism, of the more generic concept of resource usage. Figure 2.5
articulates this.

Returning or buying back an item is also common business practice. It is an
event and a process. It is also a polymorphism of Return in Figure 2.5. The process
is the last leg of an idempotent loop (as in Figure 2.6) that restores possession of a
product transferred by the first leg of the loop. Repurchase thus restores a past pos-
session relationship between a Person/Organization and a resource. It is therefore
also a process. It follows that the repurchase process is idempotent with respect to
both Person/Organization, and (possession of) resources transferred.

A repurchase or repossession of borrowed resources must always reference
another transfer of possession event. Indeed, it depends on the earlier event for
its very existence and meaning. It reverses that event.114 Some purchases, such
as the use of time, may be physically impossible to return. When this hap-
pens, an exchange agreed to by all involved parties might compensate for the
unreturnable item. This will be a reversal, as well as a return. The hierarchy in
Figure 2.5 implies this. Figure 2.5 tells us that a reversal is a kind of return (i.e., a
polymorphism).

Repurchasing the product and reversing its sale are two common poly-
morphisms of the return event. Figure 2.5 shows how a repurchase is a subtype of
two parents, a purchasing event and a return event. Because a reversal is a subtype
or Return, the relationship in Figure 2.5 also implies that the repurchase might be a
reversal or a substitution, unless we specifically bar it. This is another example of
the common sense that naturally flows from the Universal Perspective and the
metamodel of knowledge that hides within it. Thus, the metamodel anticipates the
requirement even before it is articulated by a process engineer!

Indeed, repurchasing agreements, known as REPOs, are when a seller agrees to
buy back a security at an agreed upon price in an agreed upon time frame, and are
well-known in the financial securities market. Just as a securities trader may buy a
security back, a retailer may agree to buy back (or substitute) goods sold within a
time frame if a customer is not satisfied, and a bank may agree to buy back a mort-
gage from its customer. These are examples of how generic objects in the Universal
Perspective may be combined with other objects to reuse and unify elements of busi-
ness process knowledge across the vast diversity of economic activity that defines
the global economy of the new millennium.
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114. Box 61 in the case study on our Web site discusses idempotent processes and state transitions. Box 19 in this book discusses Return in
the context of idempotent processes. Module 5, Section 2, on our Web site, discusses existence dependency, and Section 3 discusses the
reversibility of processes.



Processes across the full spectrum of industries may be assembled from the pat-
terns in this chapter if these patterns are stored in an electronic repository. Software
applications also may be assembled from corresponding fragments of prefabricated
code and interfaces. Module 5, Section 3, on our Web site, describes how business
processes may be automatically expressed in software under “Crossing the
Chasm—Business Process to Information Systems.” Thus, we need not reinvent the
wheel each time we design a process and software to support it. It can reduce
time-to-market, and make the business more responsive. Competitive advantage
through differentiation and customization can still be obtained by adding special
rules to prefabricated code and patterns.115

Governance, Monitoring, and Tracking
Monitoring Events may monitor any object, including an event (see Box 30). Gover-
nance events may change states of other events.116 Monitoring events often will be
resources used by governance events to monitor states of objects. Based on these
enquiries, governance events might change the states of other events.

Unlike governance events, monitoring events by themselves will change no
states, except the “observed” state mentioned in Box 30, and discussed in Boxes 54
and 56 on our Web site. Both governance and monitoring events will have uncount-
able polymorphisms depending on what they govern or monitor. Often they will
work in tandem, forming a pattern of monitoring, inquiry, and governance. The
pattern may even be a Saga.117

Monitoring events may not always be tied to patterns of governance. For
instance, regulators and auditors monitor, but do not always govern. They are one
of the communities in Box 21, and it is these communities that drive monitoring,
governance, and training. Indeed, these events might also be continual, repetitive
sagas without end.

Monitoring events often manifest as business tracking events. Tracking events is
a kind (subtype) of monitoring event that measures the similarity between two
objects in terms of its features. One object in the pair is sometimes the designated
benchmark. For example, a controller may track the coordinates of an aircraft
against reference coordinates that show where the airplane should be. Tracking
events are polymorphisms of the proximity metric, a relationship between a pair of
objects. Relationships, we know, become processes when time flows into them as
they are joined to Event (see Box 10).

Planning and Tracking
Plan is a state of every object that describes an intent and expectation for the future.
That state is set by the planning event. It is a universal process. It also has a univer-
sally understood meaning, so we will not elaborate on it.
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115. Adding special rules and constraints to these prefabricated generic patterns will create custom components, which are polymorphisms of
the generic patterns in the repository. See “Supply and Demand Chains” on our Web site. Customization will help us drill down to the
core of Figure 96 from its outermost layers. The outermost layers of Figure 96 under “Supply and Demand Chains” hold the Universal
Perspective and the Metamodel of Knowledge. The core has the custom components that differentiate the products, services, and pro-
cesses of the firm from its competition. The generic patterns at the periphery of Figure 96 are abstract, and sometimes are
counterintuitive. This makes them difficult to identify. This book will help reduce that risk.

116. Monitoring events were discussed in detail in Module 5, Section 3, and Box 54, on our Web site. Governance events were also discussed
in the same section, and in Box 56. See “Processes, Events and Temporal Relationships” on our Web site.

117. Sagas are discussed in Box 17.
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Box 21: Polymorphisms by Intent

Many business events are derived by combining the polymorphisms in
Figure 2.5 with the goals of the following communities.

Some events could be of interest to several communities. These events may
simultaneously belong to several of the following categories. The following list
is by no means exhaustive. It is only indicative of classes of events that are of
interest to the communities in the figure above.

• Promotional Events (process owners).
• Delivery Events (polymorphism of the process output event of interest to

process owners are detailed in Module 5, Section 3, on our Web site).
• Sourcing Events (polymorphism of process input events of interest to process

owners are detailed in Module 5, Section 3, on our Web site).
• Making Events (polymorphism of the transformation event of interest to

process owners are detailed in Module 5, Section 3, on our Web site).
• Reconditioning Event (an idempotent process and a polymorphism of the

generic making event, of interest to process owners).
• Training Event (of interest to the community of learning and knowledge).

21
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• Environment, Health, and Safety Event (of interest to all communi-
ties, but of special interest to the regulatory community).

• Accident, Incident, or Exception (a subtype in a different partition
that could be combined with any kind of event to show absence of intent, or
contingencies). Thus, we could have sourcing accidents, reconditioning inci-
dents, making exceptions, and others. We discussed exception events and
defects in Module 5, Section 3, on our Web site, under risk management
transforms.

Business intent—the intent of the communities in the figure flows into the
lifeless Event of the metamodel from the classes in the list above. Indeed, busi-
ness events could combine intent, and be polymorphisms of several classes
simultaneously. Thus, we could have Environment, Health, and Safety Training
events (i.e., processes), Promotional Delivery events, Sourcing Training events,
and so forth. These events will be subtypes with multiple parents.

Indeed, business polymorphisms of Event could also combine the classes on
this list with those in Figure 2.5. Thus, we may have a Planning process for
Reconditioning, a Resource Return event for Sourcing, a Tracking process for
Making, a training event for product use, and so forth. Of course, as we have
recently seen, events in Figure 2.5 may also combine on their own to produce
meaningful polymorphisms, such as Resource Usage Tracking, Resource
Return Governance, Exchange Negotiation, and so forth.

Polymorphisms of events (and hence processes) also may flow from the
roles they play in nonsubtyping relationships with other events and objects in
the Universal Perspective. These polymorphisms will convey meanings that are
distinct from those conveyed by the subtyping relationships. For instance, plan-
ning a training event is different from training for a planning event. We will dis-
cuss these kinds of polymorphisms later in this chapter.

The bottom line is that business events (like other business objects) can be
forged from themes in the Universal Perspective and the Metamodel of Knowl-
edge, by combining the stock themes therein to create new and innovative
patterns of information that are business themes in and of themselves. A sophis-
ticated knowledge machine could even do so on the fly.
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Box 22: Proximity Metric

The proximity metric is a measure of similarity between objects. It mea-
sures how close a pair of objects is in state space. For example, the difference
between budgeted and actual expenditure is a proximity metric. Physical dis-
tance is also a measure of similarity—it measures how similar the position of a
pair of objects is in physical space. The proximity metric is a component in the
metamodel of knowledge. It is discussed in detail in Chapter 4, Section 1, in
[337], under patterns, and its metamodel is in Figure 52, and Tables 1 and 2 of
that book. See our Web site.
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It will suffice to recognize that Plan is an event, which like the others we dis-
cussed, also may be recorded on documents, and will convey information. As we did
for Invoice and Agreement, we will have to sift through these meanings in order to
normalize information. The templates in this chapter will help us do so.

A common pattern associated with a plan is tracking (comparing) it against:

1. Actuals;
2. Changes against a benchmark plan.

Comparison against actuals is a relationship between planned and current
states. Infused with temporal information, it can become a tracking process (see the
discussion on monitoring processes).

Comparison against a benchmark plan is also a polymorphism of the tracking
relationship. It also will become another polymorphism of the tracking process if we
add time to it. From Figure 2.5, it is clear that this polymorphism of tracking a plan
is included in, and implied by, the fact that tracking a plan is a subtype of the generic
tracking relationship. It is the generic relationship to which the proximity metric
(see Box 22) is attached. The generic tracking relationship normalizes information
on closeness and similarity.

The Track Plan relationship and its polymorphisms are widely and frequently
used in business. They are reusable patterns—components of knowledge. The rela-
tionship is idempotent with respect to the object instance it tracks. Idempotency was
described in Box 10. The tracking process is clearly also a polymorphism of the
generic monitoring process. A component of the metamodel of knowledge is men-
tioned in Box 30, and described in Box 54, Chapter 4, Section 3, in [337].

Calendar
A calendar is a saga of time periods. Relating these time periods to different
resources may fill time slots in the calendar. Then it becomes a Resource Calen-
dar—an aggregate object that consists of a collection of time slots. A time period in
a resource calendar may have limited capacity for relating to resources of different
kinds. Capacity was discussed in Box 10. The calendar tells us which resources are
engaged in which relationships, at which times and in which places, and how much
room remains in the time slot for additional engagement. Thus, each slot is a role of
Event that connects it to Resource and optionally to Place. The time slot in a calen-
dar also conveys information on capacity. When a slot is empty, without informa-
tion on capacity, it reduces to Time Period. You then get an empty calendar. The
empty calendar is actually full—it is full of time slots. A calendar is an aggregate
object, full of perhaps even infinite numbers of time slots in an unending saga. It is
the time slots (i.e., the events in it) that are empty. The events that constitute the
saga may be empty: Empty objects with no relationships except two—their mem-
bership in a saga of successive events, and their succession of an immediate prede-
cessor in the saga.

A Calendar is an object. Like other objects, it may be viewed through different
prisms, and filtered in different ways, as illustrated by the views in Figure 33, on our
Web site. Object instances may be selected for display and displayed in different for-
mats based on different criteria.
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Shipment and Transportation
Transportation is a task. It is a process that moves an item. The item(s) moved are
resources. Remember that collections of the resources of Figure 2.2 are also
resources. They are transported from one place to another. Transportation changes
their state by changing their location. Shipment, as it is used in common parlance,
often confuses the task with that which is being shipped. We know we cannot per-
mit this. The Universal Perspective must distinguish between the two. Our prior dis-
cussion of Invoice, Agreement, and Payment told us why. As we did with Invoice
and Agreement, we must separate the task of transportation from that which is
being shipped (and thus relocated).

Transportation switches the location relationship in Figure 2.2 (i.e., the con-
tainment relationship of Box 12) from one instance of Place to another.118 Note that
a single shipment event may ship a batch of items. Thus, one shipment event could
relocate several resources simultaneously A shipment may make multiple drops,
and hence relocate different members of the shipment to different places. Each drop
is a subprocess, and a part of the shipment.119 Thus, the products of a shipment may
not all be in the same state (location) after they are shipped. Batch processes were
discussed in detail in Module 5, Section 3, and Box 57, on our Web site.

The discussion in Box 12 makes clear that transportation could, but need not
always, imply that the transported item is either being put inside another resource,
or even being incorporated into it as a part integral to the resource that contains it.120

Consequently, when we think of transportation, it is usually the movement of
physical items that comes to mind. However, Transportation in the Universal Per-
spective is a more generic event. It may involve transportation of information as
much as it involves physical shipments. Information may even be transported in vir-
tual space. Thus, Transportation in the Universal Perspective is synonymous with
movement of any kind. Shipment of physical items and transmission of messages
are its polymorphisms.
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Thus, when physical objects are being moved, transportation will switch the contain-
ment (location in) relationship of Figure 2.2 from one instance of Place to another.
When information is being shipped, the transportation event might only add, not
switch, the relationship to a (instance of) Place. Remember that there is no bar against
the same information being in several places simultaneously. The transportation event
might also delete the relationship without switching it. That also is a kind of Transpor-
tation—transportation to Null Space. Null Space is a region in information space for
objects that do not exist. A region within null space is reserved for impossible concepts.
It is discussed in Module 5, Section 4, on our Web site. It might not be possible for
Physical Objects or Energy to vanish without a trace,121 but information can.

118. Transportation might also switch polymorphisms of containment (such as “part of”; see Box 12), which automatically implies switch-
ing containment. Module 5, Sections 2 and 4, on our Web site, discuss polymorphisms of containment in more detail. See Location,
Containment, and Incorporation, and Figure 114 under the “The Metamodel of Relationship” on our Web site.

119. The part of relationship was discussed in Box 12.
120. Module 5, Section 2, on our Web site, discusses the containment of an object in detail. See Location, Containment, and Incorporation,

and Figure 116 under “The Metamodel of Relationship” on our Web site.
121. When a physical object or energy is lost, its location is Unknown, not Null. On the other hand, information may not merely be lost, but

it may cease to exist. Then, its location becomes Null. A physical object may be destroyed (i.e., change its state and be of no further inter-
est to a process or business), and energy may similarly change its form. In these states, locations may not be important anymore, and



An exchange of messages (i.e., communication) is an idempotent loop that con-
sists of two shipments. The generic Resource Exchange event is also an idempotent
loop with respect to at least one participant, in which resources that are not neces-
sarily information are transported (see Figure 2.6). Return is the closing leg of this
loop. This kind of idempotent loop, in the context of Transportation, is idempotent
with respect to Place (of Figures 2.1 and 2.2). A Return, in the context of transpor-
tation, returns to a place. This is a polymorphism of the generic Return event of
Figure 2.5. It is a subtype of both Return and Transportation. The Return Transpor-
tation event (not shown in Figure 2.5) is included in its generic parents, and emerges
only when we create a subtype of Return that is simultaneously a subtype of Trans-
portation. It is yet another example of how polymorphisms hidden within the Uni-
versal Perspective stand unmasked when viewed through the prism of the templates
in this chapter. The Universal Perspective unmasks itself.

Task

Mathematically, there is little difference between Task and Process (see Box 10).
Both use resources to produce products. They would be synonyms if we did not per-
mit sagas (as discussed in Box 17). A task must not only begin, but it must also end;
a saga need not. Both are processes.

For instance, Transportation is a task. It is a discrete event with specific begin-
ning and ending times. A single shipment can never be a saga, although we can envi-
sion business arrangements that arrange a continual saga of shipments. The saga
and the shipment are distinct and different. The saga is a composition, whereas a
shipment stands alone.

Conventional English usually considers a task subordinate to a process. In Eng-
lish, a task also might be an action that a person or organization must take. Our def-
inition does not contradict this commonly shared understanding, but it is subtly
different. In the Universal Perspective, a generic event or process could be a saga,
whereas a task will always end. Sagas, in a system that recognizes discrete change,
may consist of discrete tasks, even if these tasks of finite duration are endlessly
repeated, or occur without count over an infinite time horizon. In Figure 2.5, calen-
dars, resource use, and monitoring events have not been subordinated to Task,
because, as we have seen in prior discussions, they could be sagas. All tasks, and
even sagas, may be decomposed into hierarchies of process maps that show increas-
ing levels of detail. Each map will be an expression of the process it details.122

Indeed, every event in Figure 2.5 is potentially a polymorphism of Task. It
becomes a polymorphism of task at the moment we add the fact that these events
use resources and take time to produce the information that is their work product.
Thus, an agreement task produces the information in the agreement, the plan event
produces the plan, or more accurately information in plan (all the objects in planned
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set to Unknown. However, there is always the remote possibility that some innovation or process might recycle the unusable object or
recover the energy. However, information that is destroyed is not merely made unusable; it can never be recycled or recovered by any
process, past or future, because it does not exist any more. Its location becomes null, not unknown.

122. Module 5, Section 2, on our Web site, discusses the containment of an object in another in detail. See “Location, Containment and
Incorporation,” and Figure 116 under “The Metamodel of Relationship” on our Web site.



states), and so forth. We discussed this earlier in this section, and in more detail in
Module 5, Section 3, on our Web site, under “The Essence of a Process and the
Goals of Business.”

Projects and tasks are indistinguishable in the universal perspective. Each task
or project may expand into a process map of interdependent tasks (or projects).123

Both must begin and end. For us, they are synonyms.
Note how we can create virtually uncountable numbers of meanings by com-

bining the events in Figure 2.5. For instance, a Resource Use Plan is a subtype of
Resource Usage and Plan. Figure 2.5 tells us that a plan is a kind of task. Tasks may
be decomposed into process maps, expressed as a sequence of parallel and sequen-
tial interdependent processes and resources. Thus, implicit in the meaning of
Resource Use Plan, a meaning we have assembled from components in the Universal
Perspective, is the fact that we can express the plan in terms of a series of planned,
interdependent sequences of resource use events. It is knowledge assembled and
inherited. Similarly, an Agreement Meeting Plan would be a conjunction of Agree-
ment, Meeting, and Plan. Thus, business objects and business processes flow out
of the Universal Perspective in countless polymorphisms, even as the Universal
Perspective normalizes knowledge about their meanings and behavior.

Composition and Structure

The concept of structure is fundamental to not only business, but to knowledge
itself. In this book, we will call this polymorphism of the primal object Structure.
Structure and Composition are identical. In its primal form, a structure only tells us
that objects are connected. It is a very basic, information-sparse pattern.124 We will
focus on business polymorphisms of Structure. Figure 2.8 describes this abstraction.

A structure has nodes. It is a structure that connects nodes. It is a structure of
nodes. A Node is a role of Resource. A Structure shows connections between
resources. A node is a resource thus connected. Although Node and Structure are
concepts that depend on each other for their very existence, they are distinct and dif-
ferent. A structure is the sense of their association, and nodes are resources in associ-
ation. When the two concepts merge, we call it a Network.

A network is any association of resources like those in Figure 2.8. It could be a
network of people, a telecommunications network (an association of switches,
which makes a telecom network a polymorphism of a network of physical objects),
a network of roads that connect geographical places, or any other type of network.
It might even be the particular route in a network that a particular message takes
from its source (a node) to its destination (also a node); or a hierarchical network
like an organizational structure or a chart of accounts.

When a structure is a sequenced pattern of association, we call it a Path. A
path shows the sequence in which nodes may be traversed. These sequences are
not necessarily temporal sequences (e.g., it could be a sequence in space or a
roll-up hierarchy of financial accounts125). When they are temporal sequences, Path

98 The Universal Perspective: Scope of Business

123. Module 5, Section 3, on our Web site, discusses process maps and process decomposition in detail.
124. Chapter 4, Section 1, in [337] and Module 5, Sections 2 and 3, on our Web site, describe how this primal structure crystallizes and

changes, in step with information that we add to it.
125. Sequenced patterns have been discussed in detail in Chapter 4, Section 1, in [337].



metamorphoses into a process. Indeed, Path itself is a polymorphism of Structure,
because it adds sequencing information to that pattern (see Box 14).

Thus, paths may show links between documents. Paths may be routes that con-
nect places, travel itineraries, charts of accounts, organizational hierarchies, associ-
ations between objects, task dependencies in a project, networks of switches and
routers in the path of a message, paths of a ray of light, or any other concept that
implies structure and sequence. They are all polymorphisms of Structure.126

Structures may be tree structures like those in Figure 2.8. In such structures,
nodes cannot be traversed in a loop. Accounting hierarchies, decision trees, and
organizational structures are examples of Tree. A tree might also be a path if it con-
veys information on the sequence(s) or direction of traversal. For example, a tree
might be a path if it tells us who is subordinate to whom in an organization, or
which decisions in a decision tree follow other decisions.

A path might be acyclic or cyclic. Acyclic paths do not loop back. We cannot
travel in loops, revisiting the same node several times along acyclic routes. The
paths in Figure 2.8(a) are acyclic paths. Although Trees are also acyclic, the
rightmost path in Figure 2.8(a) is quite clearly not a Tree.

Trees are polymorphisms of acyclic paths. Simple project plans are often acy-
clic paths, like the model in the figure in Box 2. The nodes there were events (tasks).
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Node

Path

Document Event Physical
object

Place Person/
organization

Energy

Fund

Information

Path tree

(a)

(b)

Figure 2.8 Structure, Path, and Node: (a) acyclic paths; and (b) cyclic paths.

126. Note that Structure and its polymorphisms address the issues raised in [89] about extending the UML concepts of aggregation to model
structured objects. Module 5, Section 2, on our Web site, describes this in more detail.



On the other hand, a reconditioning or rework process may be a cyclic path, in
which an item is repeatedly reworked until it is satisfactorily rectified, or fail-
ing that, discarded. In Box 18, we demonstrated that acyclic paths may be
polymorphisms of their cyclic counterparts, but not vice versa. Thus, inheritance
will be from the cyclic to the acyclic polymorphism of the primal object.127 Clearly,
a cyclic path can be a composition of acyclic paths (see Figure 2.6 and Boxes
18 and 19).

Remember that any aggregation of the polymorphisms in Figure 2.8 is also a
resource, and may be a node (similar arguments also apply to Asset). Indeed,
remember that a composition is a subtype of an aggregate object (see Box 18), and
hence so is Network. As we drill down into the nodes of Figure 2.8, each node may
resolve itself into collections of objects, or even other Networks, Structures, or
Paths, with each a network, structure, or path in its own right. Module 5, Section 2,
on our Web site, discusses the rationale for this. Readers interested in a more pris-
tine, mathematical approach may refer to [19].

The following example will demonstrate why Structure is special, and why we
need it to normalize knowledge. Consider the insurance industry. Ships and their
cargo are often insured against their ports of call. Insurance coverage and prices
often depend only on which ports the ship will visit. The sequence does not matter.
Thus, insurance costs will depend on Place, not Path or Structure. As we will see
later, a place may consist of128 other places, and the aggregate does not have to be a
collection of geographically contiguous places to be considered a Place. On the
other hand, the distance the ship must cover, and consequent fuel (and other operat-
ing) costs, may depend on the sequence in which the ship calls on different ports. In
this case, the cost will depend on Path, not Place. Thus, each normalizes a different
item of information. This difference demonstrates the difference between Structure
and the lack of it, and tells us why we must have both.

More Polymorphisms of Fundamental Objects

Armed with these fundamental polymorphisms of the primal object, we are now in
a position to articulate the next layer of frequently used meanings. Figure 2.9 drills
down to this next level.

Note that Figure 2.9 also inserts a level that was hidden in the subtyping hierar-
chy of Figure 2.5. This hidden level lies between Meeting and Agreement. Collabo-
ration and Conflict have been inserted at this level, above Agreement, but below
Meeting. Collaboration and Conflict were objects hidden in the “flattened” hierar-
chy of Figure 2.5 (see Box 15). Let us start with these two events of critical interest
to business.

Collaboration and Conflict
Collaboration is when parties that own or manage processes work towards com-
mon goals. Conflict is when they work towards mutually exclusive goals.
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127. See Box 10. These polymorphisms are discussed in detail in Module 5, Section 4, and Module 6, Section 1, on our Web site. Module 5,
Section 4, on our Web site, has various polymorphisms of reflexive relationships.

128. Consist of was described in Module 5, Section 2, on our Web site, and discussed with the metamodel of relationships in Module 6,
Section 4, on our Web site. See “Location, Containment and Incorporation” on our Web site.
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We know that objects can be parts of an aggregation. They can be parts that are
arbitrarily chosen, and even parts that are mutually exclusive. The aggregation only
describes a set—an arbitrary collection (see Box 12). Collaboration and conflict are
sets of goals. They only become events when we replace goals in the set with pro-
cesses that have these goals. Figure 2.9 articulates both.

Consider that collaboration and conflict are special kinds of goal sets, and sets
are aggregate objects. An aggregate object, by itself, only tells us that it consists of
parts. These parts may be parts that are merely allowed to coexist; parts that are
mutually supportive because some may be resources used for making others; parts
that are in a subtyping hierarchy, so that the occurrence of one mandates the occur-
rence of others, but not vice versa; parts that must occur together in the aggregate;
and even parts that are mutually exclusive. A collaboration is a set of goals that
mutually support the existence of other goals (in the set) in one or more of these
ways. On the other hand, a conflict is a set of mutually exclusive goals, which may
even be in violent and unconditional conflict or competition with each other. We
can always replace a goal in the set with a process that has that goal. Then we will
obtain a collaborative process, or, if the set is a conflict, we would have turned the
conflict into a process and an event.

Goals (and therefore goal sets) are polymorphisms of Information. We obtain
the collaboration or conflict event by adding temporal information to the goal.
Thus, the collaboration (conflict) event is a polymorphism of the collaboration
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Box 23: Collaboration, Conflict, and Process

Consider the work product of interviewing a candidate with the intent
to hire. There are two mutually exclusive work products: an offer letter and a
regret letter. Does the fact of mutually exclusive work products make Inter-
view Candidate a conflict? Figure 84 in Module 5 on our Web site has the pro-
cess map, which shows the two mutually exclusive activities to create the two
mutually exclusive work products. Although we are not used to thinking of a
job interview as a conflict, if we stop to think about it, then we will see that it is
a conflict—not a conflict between the candidate and the interviewer, but
between acceptance and rejection (i.e., two mutually exclusive events). Thus, a
conflict is always with respect to mutually exclusive products. It only becomes
a conflict between people or organizations when each strives to force a process
for making a product that will exclude the other. Even a resource conflict can
be traced to mutual exclusion of work products of processes that use a shared,
but limited, resource. The conflict only occurs when using or engaging a
resource to make one work product would not allow it to be used (or engaged)
to make another (perhaps in sufficient quantity if the transformation process is
a quantitative relationship). Thus, conflict and collaboration are special kinds
of sets. In a conflict, the members of the set are mutually exclusive, whereas in
collaboration, they are mutually supportive, and may even be mutually
inclusive.

23
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Thus, collaboration and conflict are stock themes of business
determined by mutually inclusive or mutually exclusive goals. The
goal of a process and the process itself carry the same essential infor-
mation.129 This is why, when we are only interested in whether the aggrega-
tion is a collaboration or conflict, a process may be substituted by its goal, or
vice versa in the aggregate. If we substitute processes by goals, all we will lose
is the temporal information normalized by Process. This information is not
always germane to identifying the aggregation as a conflict or collaboration.
All we need to know about members of the set is their mutual support or
mutual exclusion.

Knowledge about the fact of conflict or collaboration need not imply
complete information about process maps and dependencies in the conflict or
collaboration. Work products and resources in a conflict or collaboration
might not all be known. Indeed, the entire aggregate might not be known.
Added information turns a collaboration or conflict into a polymorphism of
the collaboration or conflict with less information. See Box 14. Additionally,
Box 51, and Module 5, Section 4, on our Web site, as well as Chapter 4,
Section 3, in [337], describe why known values are subtypes of the Unknown
value.

Note also that subtypes of resources, work products, and processes may
substitute their supertypes in a conflict or collaboration. See Liskov’s Substi-
tution Principle under Mutability of Resources. It will remain a conflict or
collaboration. However, climbing the subtyping hierarchy may resolve con-
flicts by substituting supertypes for subtypes until a nonconflicting set of
resources or work products is arrived at, provided that the process can still
satisfy the overall goal (work product) of the aggregate process. Conflict is a
polymorphism of exclusion partitions, which are components in the
Metamodel of Knowledge discussed in Chapters 2 and 3, in [337]. See also
Box 21, Exclusion Partitions, Variation Inheritance, and Polymorphism, on
our Web site.

A goal is information. Substituting a goal with a process that has the goal
of information turns the aggregate into a process and an event. It is a poly-
morphism of the timeless collaboration or conflict represented by the set of
conflicting or collaborating goals. The goal of a process is also its work prod-
uct, as discussed in Module 5, Section 3, on our Web site. It could be any poly-
morphism of Resource in Figure 2.2. Thus, a collaboration or conflict is
derived from the objects in Figure 2.2, just as Medium was. It is a set of
those objects, with added information—information on mutual exclusion or
mutual support borrowed from the Metamodel of Knowledge.
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129. Module 5, Section 3, on our Web site, under “The Essence of a Process, and the Goals of Business,” discusses that the goal of a process is
its essence (see “essence” in Box 30). The example of how “assemble car” is derived from “assemble” (see Module 6, Section 2, on our
Web site) is a real-life example of this principle. See also the example in Box 56 on our Web site.



(conflict) object, a set of at least two supportive (conflicting) goals. Figure 2.9 artic-
ulates this.

We need very little information to call an event a collaboration or a conflict. We
do not even need to know what these collaborating or conflicting parts are, nor need
we know how many members participate in the event. All we must know is that
there are at least two members. If they are mutually supportive in any form (as the
resources of a process, or via mandatory or subtyping relationships between them-
selves), it is a collaboration; if they are mutually exclusive, the aggregate encapsu-
lates a conflict.

What if an aggregate consists of objects that support some members of the
aggregate, even as they conflict with other members? The aggregate is then a strate-
gic relationship. A strategic relationship is an aggregation of aggregates. Its parts
are collaborating and conflicting aggregates.

In its most generic form, a collaboration is a relationship between two or more
objects, in which the relationship between one or more objects also implies or man-
dates relationships with other objects. On the other hand, a conflict is when a set of
relationships is mutually exclusive with other sets of relationships in an interaction.
The collaboration and conflict events in Figure 2.9 normalize this commonly under-
stood business meaning of collaboration and conflict, even when it is expressed as
conflicts between people or organizations. In this section, we will understand its
structure—the abstract pattern of information we call collaboration or conflict
between people or organizations.

Only processes have work products, and these work products are its goals. In
Box 10, we understood the dimensions of ownership of processes. Only people or
organizations may be responsible for processes and have authority over their opera-
tion. People and organizations also may play consultative roles. They may or may
not actually “work” (operate) the process. It might be completely automated. Even
if a process is fully automated, it is very likely that people and organizations will
operate the process that operates the automated process, and hence will be consid-
ered the operators of the automated process. Working or operating a process is a
dimension of process ownership. (See the RAWCF dimensions in Box 10.) Each
dimension of process ownership is transitive with others of its kind. This transitiv-
ity, discussed in Module 5, Section 3, under “Process Ownership” on our Web site,
is the wellspring of the meaning of Delegation. Even if we do not know the specific
kind of processes these owners operate or the specific kind of ownership each owner
exercises, we still will know that they are collaborators, if we know that the work
products of these processes support each other; and we will know that they are in
conflict, if we know that their work products must be mutually exclusive.

Thus, collaboration and conflict between people or organizations are aggrega-
tions of unknown processes. The only information we must have to call the aggre-
gate “Collaboration” between people or organizations is that the goals of the
processes that constitute the collaboration are in harmony. When we call it a con-
flict, we must know that its goals are mutually exclusive.

We may not even know what these goals and events are. In order to call the
aggregate a collaboration or conflict, it suffices to know that their owners either are
in harmony or are in conflict, through the goals of the processes they own. Of
course, the aggregate might be neither. The goals of its contents could be mutually
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independent, in which case the owners are neither collaborators nor in conflict with
each other. Each has no stake in the outcome of what the other(s) does.

We have seen how agreements and confirmations (binding agreements) are
examples of collaboration. Disagreements and competition are examples of con-
flict. Like any other relationship, a collaboration or conflict may grow into ordinal
or even quantitative relationships in step with the fullness of information the event
conveys (see Box 10). Thus, we might be in a position to express how intense the
collaboration or conflict is. For instance, most of us would agree that a war is a
more intense form of conflict than is conveyed by mere competition or disagreement
in business. These polymorphisms of collaboration and conflict are naturally
implied by the metamodel of relationship. Intensity is a fact inherited from it. We do
not have to provide for the meaning of intensity of collaborations or conflicts sepa-
rately. The Metamodel of Knowledge in [337] automatically implied and created
the room for them.130 They will exist, uninstantiated if need be, but ready to take
shape from components in the metamodel of knowledge when required. After all,
the Universal Perspective is a polymorphism of the Metamodel of knowledge
enriched with business meaning; it inherits everything the metamodel of knowledge
implies.

A collaboration may be a process map like the process map in Box 2, with
resources and work products added to it.131 The work products of collaborating pro-
cesses may be resources used by others in the collaboration to make their products.

Conflict is a topos, a stock theme, in which work products are mutually exclu-
sive, and Collaboration is the topos, in which work products are supportive. Col-
laboration and conflict are both topoii (see Box 23). Collaboration is the topos from
which supply chains emerge (see Figure 2.22).

A topos is a stock theme, and reusable meanings are stock themes. A theme is a
pattern of information, and a pattern of information is an object, as described in
Module 6, Section 1, on our Web site. The more often a theme is used, the more we
are justified in considering it a stock theme and a reusable component in the reposi-
tory of knowledge. Collaboration is central to all business, and as we enter the new
millennium, it is a gathering force. Global supply chains are arguably one of the
largest, and most complex, forms of collaboration that span our planet. Collabora-
tion requires at least two participants, and these participants must be people or
organizations (or both). Agreements and negotiations are all forms of collaboration
in its broadest sense. The opposite of collaboration is conflict. However, there is a
nameless pattern that subsumes both. It generalizes both collaboration and conflict
to capture their common essence—the interaction between persons, organizations,
or both. It even subsumes disagreement. In Figure 2.5, we called it meeting, because
this is where information, people, and organizations meet to confer, collaborate,
confabulate, and negotiate; and to agree, disagree, compete, and conflict, even con-
flict violently. A meeting needs a meeting ground. A meeting ground is where people
and organizations meet. It is a place, physical or virtual, but a place for meeting,
conversing, and exchanging ideas, information, and opinions in cooperation, in
conflict, or neither. This book you are reading is not a meeting ground, because we
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Figure 116 on the site summarizes the conclusions of those arguments.

131. Module 5, Section 3, on our Web site discusses process maps in detail. Figure 92 on our Web site is an example.



cannot exchange information; it is a one-way flow. Had it been an interactive
session on the Web, then the Web would have been our meeting place.

Without the Universal Perspective, meetings are often confused with their
meeting grounds because this is where the event and place meet and join meanings.
Similarly, without the Universal Perspective, people are often confused with the
organizations they work for; with individuals and the roles they play; with events,
such as Competition; and with Persons or Organizations that own, manage, or
work the event. We need the Universal Perspective. The Universal Perspective
makes it easy to untangle, distinguish, and normalize. The Universal Perspective is a
prism that separates, clarifies, and unmasks.

Figure 2.9 has some common polymorphisms of collaboration, and some of the
milder forms of conflict. They are events, and hence also may be processes. As the
scale and complexity of business grows, an organization may be in conflict with
another in one context, while in collaboration in another. We cannot capture these
strategic roles if the event and the organization are joined as one. We cannot answer
strategic questions such as: Which of my competitors are also my collaborators?
Which of my suppliers are also my customers and employees? Which suppliers also
compete with my business, and which do I have synergies with in the marketplace?
Which regulators have vested business interests? The Universal Perspective forces us
to distinguish an owner from the process, and a person or organization from an
event. It thus helps us support strategic and even unforeseen information needs,
even as it normalizes the behavior of the real world of Business Process.

Meeting Grounds, Markets, Marketplaces, and Other Polymorphisms of Place
A meeting ground is a place where resources can be exchanged—any resource. Nat-
urally, every meeting ground must be a Place, but not vice versa. Resources can only
be exchanged where they can be contained, but not every place that can contain
resources can be the place where those resources can be exchanged. For example,
this book is a location and a place for information, but as we recently discussed, it
regrettably cannot be our meeting ground. A Place is thus a more general concept
than a Meeting Ground, which is therefore a subtype and polymorphism of Place.
Figure 2.9 articulates this.

Exchange of resources in a geographical or physical place needs no elaboration.
We know information also may be located and exchanged in parts of the electro-
magnetic spectrum, or on the Web. We sometimes call these “Virtual” places.
Indeed, as we have seen in our discussion of Figure 2.2, any venue recognized by any
technology, past, present, or future, in which resources can be located (contained),
is a Place, and any venue in which resources can be exchanged is a Place of
Exchange or Meeting Ground.

We discussed Place early in this chapter, under Figure 2.2,132 and Meeting
Ground was discussed more recently, under Collaboration and Conflict. The parti-
tioning of Place in Figure 2.9 makes clear that a meeting ground may be a physical
or virtual place (because a meeting ground lies in a different partition from virtual
or physical place). As we have seen earlier, when these Places are classes that also
impose formatting constraints, they are instances of Media. Place and its subtypes in
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Figure 2.9 are too obvious to merit more elaboration, except to say that they lie at
the heart of all exchanges, locations, and transactions, and therefore are clearly cen-
tral to the business of business.

Marketplace The business of business crystallizes around a marketplace. A
Marketplace is a special kind of Meeting Ground. Rights are exchanged between
people and organizations in a marketplace. A Right is information. It is a Term and
Condition. The rights exchanged in a marketplace are the rights of ownership and
use transferred by the sale, lending, and return events we discussed recently. Thus, a
Marketplace is a special kind of place for a special kind of Exchange. It is also the
place for forging sales and product use agreements, and a meeting ground for the
parties to these agreements. A marketplace is also a place of collaboration,
collusion, and conflict—conflict between competitors, and collaboration or
collusion between collaborators—including customers and suppliers. Thus, it is a
strategic meeting ground for strategic events.133

Clearly, the one condition that distinguishes a marketplace from a meeting
ground in general, and establishes a marketplace as a polymorphism of meeting
ground, are its defining relationships. These relationships, between rights to busi-
ness products and the owners and the buyers of these products, are what define the
agreement and meeting ground for the exchange of rights. An agreement (potential
or realized) lies at the heart of the market place. The owner and buyer (potential or
actual) are parties to the agreement (or negotiation, when it is not yet an agree-
ment). We will return to this feature of critical interest in Section 2.1.2, when we
discuss the universal parameters of marketplaces. For now, it will suffice to under-
stand that a marketplace grows out of a meeting ground; that it is a polymorphism
of meeting ground. An agreement, potential or actual, lies at the heart of this meet-
ing ground.

This agreement and its parties frame the universal parameters of Marketplace.
This agreement and its parties are clearly the very crux and hub of the pattern that
defines the turning wheel of business and the exchanges that spin around it, driving
it forward since the business of business began—driving it in a marketplace (see Sec-
tion 2.1.2).

The Place Within a Medium A place contains a resource. Therefore, a place
can also convey a resource. A Document is a place that conveys or contains
information, and a Medium is a class of documents based on formativeness. For
example, air is a medium for conveying information in the form of sound, but the
specific volume of air that is conveying sound is an instance of a document and an
instance of a place. This book is a document, and the class of books is a medium. A
radio signal pregnant with information is a document propagating through space,
which is its medium. Indeed, the electromagnetic spectrum is also its medium. Both
Space and Spectrum are Media because they both normalize constraints on how
information may be formatted, and on what kinds of symbols are permitted in each
medium. The radio signal we discussed was constrained by the intersection of
constraints imposed by each medium to which it belonged.134 We have seen in our
discussion of Figure 2.1 that a Document is a kind of Place. We have also seen that a
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Medium is a class of documents. Box 25 tells us that a class of places is also a place.
It follows that a Medium is also a place. It is a place for information—special
information. It is the place, and normalized container, of formatting rules. Thus, a
medium is a polymorphism of a Place.

It is easy to confuse a document and place with a medium, since they often have
the same name, and are similar concepts. For instance, the word Air was a hom-
onym in the example we recently discussed. Air, the document, was a polymor-
phism and instance of Place of information called Air. The Place called Air may
convey no formatting information. We might only know that it can contain infor-
mation. Then it is only a place for information. When Air does convey information
in symbols that can be sensed, it also becomes a Medium. Thus Air, the Medium, is
a polymorphism of Air, the Place. It was easy to confuse the medium with the docu-
ment and place, not only because they all had the same names, but also because it
was compounded by the fact that they had similar (but not exactly the same) mean-
ings. The document was a polymorphism of its medium, which in turn was a poly-
morphism of a place; the document contained the meaning of the medium within it,
and the medium contained the meaning of Place within it. However, the meaning
of the document and place were subtly different from each other, and both were
different from the medium that carried their name. We must recognize these
differences and distinguish between them to normalize information. The Medium
normalizes information on formatting constraints and formativeness. Information
normalizes the contents of a document, Place normalizes the potential for contain-
ment of information (or any other resource), and Document brings information
and format together in a Place by expressing it in a form we can sense. In order to
normalize meanings across the unending topoii of perspectives and to subsume
them, meanings in the Universal Perspective must necessarily be sparse but precise.
Much may be left unsaid, but what is said must be extreme in its clarity. It may
then be interpreted in only one way because it is not only clear and precise
about what it conveys, but also equally clear, and surgically precise about what it
leaves out.

Clearly, some documents could even be meeting grounds, depending on their
media. Telephone party lines and Web pages that support chat rooms are prime
examples. They are also examples of media that go by the same name, but which
are distinct classes of information in the Universal Perspective. Formatted informa-
tion always implies a medium of information, for this is where formatting rules
reside and are normalized, but the converse need not always be true. Media can
exist without instantiating a single document, and a place can exist without
instantiating a single medium, even when it is a place for information. For instance,
the meaning of medium contains information—the meaning of Place. It is therefore
a place for information, but not a medium of information, because it cannot tell us
how we must format the information it contains to give it a tangible form. The Uni-
versal Perspective is a fine toothcomb that helps us sift, distinguish, normalize, and
unmask meanings. It also helps us engage the meanings that must mesh within the
knowledge machine. It engages them with relationships. The polymorphisms
that are the focus of this section are expressions of one such relationship—the
subtyping relationship. There are also other relationships that we will discuss in
Section 2.1.2.
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Markets and Market Segments Indeed, just as Medium classifies documents in
the Universal Perspective, Market classifies marketplaces based on one or more
parameters [see Box 24, Figure (f)]. When a Market is segmented by Business
Products, we call it a Product Market. A Product Market combines the features of
markets and products into one state space (see Box 24). The targeting of places in
this multidimensional space, whether they are broad regions or narrow niches, is the
most fundamental of strategic decisions a business takes; it defines the very nature
of the business of a firm.

Box 24 describes how markets, product markets, and their segments shadow
the agreement (potential or actual) between buyers, sellers, and rights at the heart of
the marketplace. This agreement is a relationship. Every relationship is intrinsically
associated with a Borel Object that can classify and categorize it in multiple ways in
multiple segments (see Box 24). Product Market is a polymorphism of the generic
Borel Object in the Metamodel of Knowledge.
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Box 24: Slicing and Dicing Information with Borel Objects

Borel Objects are components in the metamodel of Knowledge that
support the slicing and dicing of data and pattern analysis. Borel Objects nor-
malize information about groups, patterns, and aggregates. This box summa-
rizes the discussion on resolving many-to-many relationships and Borel
Objects, in Module 5, Section 1, on our Web site.

An object has features. These features have values. For instance, the fea-
tures of a person might be height, weight, and age. A particular person might
be 6 feet tall, weigh 150 pounds, and be 34 years old. These values define the
state of the person. Thus, its features determine the state space of an object.
Each feature is an axis of this space, and each point in the space is a distinct
possible state of an instance of the object. Figures (a) and (b) show this.

Thus, regions in the state pace of the object may be used to group instances
of the object into subclasses or categories [see Figure (e)]. A relationship is an
object. For instance, a retail sale is a relationship between a person, a product,
and a retailer. Figures (c) and (d) show this.

The objects it relates determine the state space of a relationship. The axes
in Figure (e) represent the object classes that participate in the relationship in
Figure (d). Each point on an axis represents an instance identifier of a partici-
pating object. Thus, each instance of the relationship in Figure (d) is a point in
the state space shown in Figure (e). Regions of the state space in Figure (e) clas-
sify the retail sale relationship of Figure (d).

The complete state space represents all possible relationships, regardless
of whether or not they exist.135 Slicing and dicing this state space groups
and regroups relationship into different categories (some may be empty

135. The entire state space in Figure (e) of Box 24 represents all possible relationships (the conceivable state space of Box 34), regardless of
any imposed constraints that might bar some relationships (the lawful state space of Box 34).
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categories). Each category is also an object, which is identified by a
unique instance identifier.

For instance, Figure (e) shows how the state space for “Sale” in
Figure (d) may be sliced and diced. Regions may or may not be mutually
exclusive. Even disjoint regions can be considered a part of a single collection
[see Figure (f)]. These arbitrary collections represent market segments based
on what products (or product ranges) were sold to which kinds of customers
in which places. These regions need not be three-dimensional volumes. They
could be any subspace—lines, surfaces, patterns that may twist and turn, pat-
terns that are bounded, finite, unbounded, or even infinite.136 For instance, if
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Figure (a) An object has features.
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Figure (b) Its features define the state space of an object.

136. The patterns in Figure (e) of Box 24 may be any kind of pattern discussed in Chapter 4, Section 1, in [337].
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we only cared about products sold to a specific customer, and were
required to analyze where products were bought, our market segments
would be two-dimensional regions of state space—patterns of points
on a plane. These points will be located in a vertical plane, parallel to the
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Figure (c) A relationship.
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product-place plane of Figure (e). The plane on which these regions are
located will intersect the customer axis at the point that represents the
customer in question.

On the other hand, if we only cared about products and where they were
sold, regardless of customers, we would need a “don’t care” value on the cus-
tomer axis. “Don’t Care” will subsume both known values, as well as the
Unknown value, as described in Chapter 2, Section 2, in [337]. Assigning this
“don’t care” value to the customer will be equivalent to reducing the relation-
ship in Figure (d) to a second-degree relationship by eliminating Customer.
Degrees and orders of relationships are discussed in Box 10. Module 5, Sections
1 and 4, on our Web site, show that reducing the order of a relationship creates
a supertype. Note that “don’t care” does not bar the relationship with Cus-
tomer, nor does it assert its nonexistence, like the null value would. It merely
asserts that the information is irrelevant or unavailable.137 Indeed, Figure (e)
makes clear that the existence of the three-dimensional state space implies the
existence of its two-dimensional subspaces—the product-place, product-cus-
tomer, and customer-place planes.138

The state spaces segmented in the examples above were nominally scaled.
Points in each region (segment) were discrete collections of unrelated objects,
with no sense of continuity, no definition of closeness (beyond the fact that each
is unique and distinct from others in the region), nor any concept of ordered
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Figure (e) The constituents of a relationship describe its state space.

137. The “unknown,” “don’t care,” and “all” values are discussed in depth in Chapter 2, Section 2, Box 51, and Chapter 4, Section 3. See
Module 5, Section 4, on our Web site.

138 Module 5, Section 1, on our Web site, describes how the metamodel of knowledge infers this under “Slicing and Dicing Associations
Between Objects.”
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arrangement within the segment. There were no ranges or intervals
between points involved. What if we had to slice and dice ordinal or
quantitative state spaces? For instance, market segmentation may
depend on the sale price of the product, which is a quantitative attribute of
Product Sale. If this happens, Sale Price will be an axis of the state space, which
we must segment. Market segments must now consider the set of all possible
intervals along ordinal or quantitative dimensions. To make it easier to visual-
ize geometrically, consider a three-dimensional state space in which Product
Sale is a binary relationship that only involves Place and Product, two axes of
this state space, and the third axis is Sale Price, an attribute of the relationship
[see Figure (f)].

Segmentation might get even more complex. What if we wanted to seg-
ment sales by the list price of the product, an attribute of, and information nor-
malized by, Product, not Product Sale? The very identity of the relationship, an
object, is the conjunction of the identities of the objects it relates, and is
dependent on them. Representing each point on an axis by only its instance
identifier does not represent the entire information payload of the correspond-
ing object. It ignores the fact that an instance of the object also has a state
determined by its features: Each axis unfolds into a state space of its own. In
the same way, some of the new axes may also unfold because they are also fea-
ture laden. All the axes of the combined state space collectively determine the
conceivable state space for segmenting Sale (or for any relationship in general).
Thus, the state of the relationship actually includes the information on the
states of related objects, which may be used to classify the relationship.139 The
product axis in the state space of the “product sale” relationship would then be
limited to only those products that meet the requisite sale price criteria. Thus,
this space will be a region and a restriction polymorphism of the conceivable
state space of the relationship. See Box 14, and the endnotes on both polymor-
phism and the Bunge-Wand-Weber model.

The set of all possible intervals also opens the door to a very special object
class called the Borel Set. A Borel Set is the set of all possible intervals on an
axis of state space, or, when multiple axes are involved, the set of all possible
regions in that space. These intervals (regions) may or may not overlap. Each
region (delineated or not) in Figure (f) is an instance of a Borel Set for that state
space. If we recognize the “Don’t Care” value, the Borel Set will include all
intervals in state space, as well as intervals in the state spaces of all possible fac-
ets (spaces defined by all possible combinations of its axes).

Borel Sets are hard to visualize as a class. An instance of a Borel Set is easier
to understand and visualize, at least in one-, two-, and three-dimensional
spaces. Every region in space, whatever its shape, size, or extent, is an instance
of a Borel Set, as is every collection of regions, whether overlapping or disjoint,
finite or infinite, bounded or unbounded, open or closed. Figure (f) has
examples.

139. References [283–286] discuss the mathematical concepts that support this kind of unfolding of axes in state space. The state charts in
[337] are a technique for representing this kind of rule.
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When segmentation involves ordinal, difference, or ratio scaled
axes, regions will depend on gaps between values, and hence Borel
Sets will be involved. When segmentation is in terms of nominally
scaled axes, segmentation will involve collections of points in state space of
every possible set of combinations of axes. Intervals are also collections of
points in state space. We will call the union of these intervals and collections
the Borel Object. The Borel Object generalizes the concept of the class of all
possible segments, regardless of how the space is scaled, and regardless of
whether it has any null values—“holes”—in it. It is the class of segments.

Every relationship automatically implies the existence of its Borel Object.
The rules [see the example in Figure (g)] are:

1. The Borel Object of a relationship is also related to the object
classes the relationship binds.

2. Relationships between individual object classes and the Borel Object
are optional (to support the “all” value we discussed earlier140).

3. At least one of these individually optional relationships must exist in
order to instantiate a Borel Object. The degree of the combination
of relationships between the Borel Object and its constituent object
classes must be one or more (see Box 10).

Sale
price

Places

= instances of Borel sets
Another instance
of a Borel set

p
ro

du
ct

s

Figure (f) Examples of instances of Borel Objects.

140. Chapter 4, Section 3, and of [337], and Box 51, Module 5, Section 4, on our Web site, all discuss the “all” and “any” values in detail.
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4. A relationship and its Borel Object have an optional
many-to-many association between them.

Figure (g) illustrates these rules with an example. In Figure (g), an individual
product sale may be simultaneously classified in several ways, and hence may
belong to several market segments at the same time. A market segment also may
have several sales events. Thus, the relationship between Product Sale and Mar-
ket Segment (the corresponding Borel Object) is a many-to-many relationship.
Note how the many-to-many relationship between Product Sale and Market
Segment is resolved by a resolution object, Product Sale in Market Segment, in
Figure (g). Product Sale in Market Segment glues a one-to-many relationship to a
zero-to-many relationship, to create the optional many-to-many composition.
The lower bound is zero because a market segment can be empty (i.e., it might
have no sales). This is an example of how the Metamodel of Knowledge can
automatically resolve many-to-many relationships by creating a resolution
object, and substituting the many-to-many relationship with a composition.

Borel Objects help us to analyze the information content of a relationship
class by slicing and dicing it to look for patterns. Borel Objects are containers of
analytical patterns that normalize a higher order of nonprocedural knowledge
about businesses. The Borel Object is a component in the Metamodel of Knowl-
edge that we use to segment the market by slicing and dicing information that the

At least one relationship (or combination of relationships) between market segment (a Borel Object)
and its constituent objects product, customer, sales channel must exist at each moment in time. 
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Figure (g) Examples of instances of Borel Objects.
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Thus, product market segments are regions, or places that may have been
carved out of the state space of a product market (see Box 24). Segments thus carved
by constraints will be subtypes of the unconstrained category of marketplaces that
we call a Product Market, and will inherit the properties of the product market they
segment.

A Market is an instance of a Borel Set of a Product Market in which we do not
care about the product, but might care about (unsatisfied) market needs in order to
design a product (see the Buying and Selling cluster in the patterns of Section 2.1.2).
A Market is clearly a supertype of a Product Market, in which a product market
inherits the state space of the market (see Box 24), and consequently, a market seg-
ment will be a supertype of corresponding product market segments. Thus are Mar-
kets, Product Markets, and their segments derived by the Universal Perspective and
the Metamodel of Knowledge from the agreement at the heart of Marketplace.
Market Need is a polymorphism of Information, which we will discuss under the
Buying and Selling pattern in Section 2.1.2).

Places, Events, and Information in Motion Motion implies change of place.
Change implies a change in time. Thus, motion implies a change in place over
time—a transportation process. Information in motion is a message. When the
transportation or exchange of information like that in Figure 2.6(a) is involved,
formatting rules can become rules of translation between the resources exchang-
ing information. Indeed, translation can involve more than mere translation of
symbols. It might also involve translation of Units of Measure.141 When information
flows through a network, a knowledge machine might automatically translate
information in exchanges across people, resources, and media. Indeed, it could even
translate information as it surges from node to node across a network of diverse
resources.142

As we have seen, all places that contain information can also convey informa-
tion, but they cannot always be places for exchanging it. For instance, the general
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constituents of a relationship normalize. For instance, we might want
to segment the market by list price of product (an attribute of Product),
customer revenue (an attribute of Customer), and mean temperature of
the place (an attribute of Place), all taken together, and then look for patterns
across these segments. To segment the market like this, we will need to consider
the entire composition of objects in Figure (c). Since we are interested in combi-
nations of information across constituent objects, we have implicitly recog-
nized that a relationship binds them, and hence implicitly recognized the
corresponding Borel Object.

Borel Objects are discussed in detail in Module 5, Section 1, on our Web
site, under Collections of objects and the state space of relationships.

141. Chapter 4, Section 2, in [337], discusses translation of formats and units of measure. See also Box 38, Metamodels of Format, Format
Conversion, Encryption, and Formatting Constraint; and Box 40, Measure Conversion and Conflicting Subtypes, on our Web site.

142. The arguments in “The Architecture of Knowledge,” Module 1, Section 2, on our Web site show that this functionality lies in the inter-
face layer of the four basic layers of the Architecture of Knowledge in Figure 15 on our Web site—Business Rules, Information Logistics,
Interface Rules and Technology Rules.
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class of places we call Book cannot be a place of exchange, but the places we called
Air, Radio Spectrum, or Web page are places of exchange, each with its own for-
matting rules. A place becomes a document when we join it with Medium. The same
formatting rules may apply to many places and documents, but not to all. For
instance, both a Web page and paper may contain graphics, but Air can only con-
tain sound. Moreover, a class of paper documents might contain only black and
white graphics, although the medium permits color. Further, this class might be a
subclass of documents that only contains information on operating vacuum clean-
ers. This class is clearly a class of documents, but not the class that normalizes for-
matting rules. It is therefore not a Medium. The key to normalization is to
distinguish the Medium from the Place and the Document. The key to business is to
turn a meeting ground into a marketplace.

A marketplace exchanges information. Therefore, it also could be a document.
Indeed, it often is in cyberspace. A marketplace is a polymorphism of meeting
ground. It thus inherits this property. Innovative business often revolves around
seeking potential meeting grounds that can also become marketplaces. Technologi-
cal innovation often revolves around creating the media to support a meeting
ground.

A knowledge machine that “knows” this hierarchy of polymorphisms also
could seek out innovative meeting grounds to turn into marketplaces, and automat-
ically translate exchanges of information for those who will receive it. The Univer-
sal Perspective, joined with the Metamodel of Knowledge, carries within it the
power of inference and the seeds of reason. Perhaps someday, it will even have the
power to innovate and seek out new patterns of information that grow from the old.

Common Polymorphisms of Structure
Structure is an abstract concept. It is an abstraction borrowed from the Metamodel
of Knowledge. We called it Composition in Box 10. We have recently seen how
structure only takes a concrete shape when it is joined with a concrete resource.
The section on structure demonstrated this with several examples, and discussed
polymorphisms of Structure created in this manner. In this section, we will focus
only on four widely shared polymorphisms of this kind: a structured task, charts of
accounts, Route, and Network. All four are central to the operation of every
business.

Networks, Governance, and Organization Our recent discussion of Structure
told us that a Network is a simple, albeit abstract concept. It is a network of
associated resources, like a networks of business associates, networks of telephone
switches and routers, or networks of roads. The polymorphisms of this simple
concept can rapidly become complex and chaotic as we start considering issues of
capacity and resources that the network will convey.

To convey, the network must contain. Every node and association in the net-
work may have capacity constraints in the context of each resource it conveys or
contains. Capacity constraints (see Box 10) might vary by object instance or object
class. It is also clear, from our discussion on capacity in that section, that a node
may have capacity constraints that are distinct and different from the capacity con-
straints of its association (link) with other (or the same) nodes in the network.
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Box 25: Common Sense in Metanesia, or the Nature and
Composition of Place

Places can be made of places. All places have this common characteris-
tic, in addition to the fact that they can contain resources. It implies that aggre-
gations of places are also places. Indeed, each aggregation is also a new and
distinct instance of Place (just as a set of instances of an object is also an
instance of an object). Places can thus be Borel Objects (see Box 24). Unions
and intersections of places are also places.143 We can have places overlap, and
unless the overlapping places are identical, we will obtain a different and dis-
tinct Place. Places may be contained in other places (partly or fully), and places
may even consist of other places, even when these places are disjoint (i.e., nei-
ther adjacent nor connected to each other). Thus, the aggregate will be a place,
even if its constituents are unconnected islands. The inverse of aggregation,
dividing up a place into segments, will also yield places—each segment will be
a place.

Moreover, a Cartesian product of places will also be a place.144 These will be
places of greater dimensionality than the places that were joined by the Cartesian
product. “Squishing” a place by reducing its dimensionality is the inverse of tak-
ing a Cartesian product of places. There are two ways we may squish a space.

1. We may reduce some of its dimensions to “don’t care” values (see
Box 24).145 Common sense tells us that this will generalize the space
we squished, and the generalized space will be a (less constrained)
supertype of the higher dimensional space (see Box 14).

2. We may constrain some dimensions to fixed values. The same
principles tell us this space must be a lower dimensional (more
constrained) subtype of the space we squished, or more accurately,
sliced into a cross section of some kind. It might even be a curved
and contorted cross section like the twisting surface in Figure (f) of
Box 24.

These operations also create Places, places we call subspaces of the space
we “squished.” However, it is clear that each kind of “squished” (or “sliced”)
subspace is a very different kind of Place. One is a supertype, and the other a
subtype, of a place we squished to the extreme, enough to obliterate some
dimensions. However, both are places derived from other places. Each place is
related to, and located by, the other. Indeed, Box 12 also tells us that the place
created by the first operation must also consist of and contain the place from
which it was created. Similarly, the place created by the second operation is a
part of, and contained in, the place from which it was created. Each of the two
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143. Unions, intersections, and other set operations are in Box 19 on our Web site.
144. Box 19 on our Web site describes the Cartesian product. The relationship in Figure (d) of Box 24 is an example of a Cartesian product.
145. Box 51 and Module 5, Section 1, under “Collections of Objects and the State Space of Relationships,” describe why reducing the dimen-

sions of a state space creates a supertype of the space. See our Web site.
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operations above is a polymorphism of “located relative to,” the
relationship discussed in Box 12. Indeed, a Place is any pattern of
places.146

The Metamodel of Knowledge can use these rules to define new
polymorphisms of Place. Indeed, this is how Place in different perspectives
may be derived from the “Place” of the Universal Perspective. A Place is a
place if it can satisfy the criteria that it can contain resources. The operations
we have discussed are all different ways of locating places in terms of other
places. If, for some reason, a resource is barred from a Place derived in this
manner, then we call it a Forbidden Place, implying that the ban is a con-
straint that might be removable. If the place can contain only some resources
and not others, then we call it a place of only the resources it may contain.
Thus, places also may have contexts. For instance, physical space is no place
for an abstract idea, but it is a place for buildings, people, and planets.

Physical space, like state space, also contains itself. Every interval in
physical space is also a physical space and a place (a Borel Object; see Box
24). Both physical space and state space are places. However, Physical Space
is a very special kind of difference scaled place.146 It has one characteristic
that sets it apart from other kinds of places. Physical objects only may be in
one (physical) place at a time. This unique interaction between Physical
Object and Physical Place sets them apart from other kinds of objects in other
kinds of places. The inverse of this relationship between physical object and
physical space also is similarly constrained. Physical space has a finite capac-
ity to hold physical objects. A place completely occupied by a physical object
will exclude other physical objects. The notion of physical size and footprint
are rooted in this property of the occupancy relationship (interaction)
between physical objects and physical space. The occupancy relationship is
identical to the containment relationship of Box 12 that leads to the concept
of capacity and size, which we discussed in Box 10.

Just as a physical place may hold more than one physical object until its
capacity to hold is exhausted, so too may a physical object occupy many
places until its capacity to occupy is exhausted. The footprint of a physical
object is a place. That place contains other places within it. All these
places—the entire Borel Set of places within its footprint—are occupied by
the physical object, and vice versa. Borel Sets were discussed in Box 24. The
one constraint that must hold is that these places must be mutually adjacent.
No other physical object (uncontained by the object in question) may occupy
this space, and neither may the same physical object occupy any other place.
This is what we mean when we say that a physical object is constrained to
one place that has exclusive claim to it. Strictly speaking, the object is occu-
pying an infinite number of places, but they are all instances of Borel Sets of

146. Chapter 4, Section 1, in [337], describes the architecture of Pattern. “A place is any pattern of places” may be mathematically articulated
as “Place, the class, is idempotent with respect to any operations that locate places (i.e., we start with Place and end with Place as we
sweep around the relationship implied by the operation).”
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Remember also that there is no bar on idempotent associations. Idempotent
relationships are described in Box 10.
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its footprint (or volume), and are all parts of the one primary place that
the object is considered to occupy. (Part of is stricter than contained
in—see Box 12.) In considering parts of the place that a physical object
occupies, we divided the physical place into an infinite number of over-
lapping and disjoint regions. We could do the same to the physical object, and
in that sense, a physical place also may be said to contain infinitely many, possi-
bly overlapping, parts of a physical object. However, they all make a single
object, because they are all notional parts of it. Thus, we come to a crucial ques-
tion about the nature of physical occupancy. Which occupies which—does the
physical object fill the space it occupies, or can the space be said to fill the physi-
cal object to give it substance? It is impossible to say. Both mean the same. They
mutually locate each other; each fills the other to make it exist in itself.

The (complete) occupancy relationship is similarly constrained in both
directions. Occupancy only becomes asymmetrical when it is partial—when the
entire object occupies less than the entire space, or vice versa. If the object
occupies less than the entire place in question, then the place locates the object,
but the object cannot locate the complete place, and vice versa. Occupancy
then turns into containment. Otherwise, the object and place merely locate
each other, and location is a symmetrical relationship. On the other hand,
“Contained in” is asymmetrical. The occupancy relationship between Physical
Object and the complete Physical Place that it occupies is thus a symmetrical
polymorphism of locate that has not yet blossomed into containment. Symme-
try of relationships was discussed in Box 10.

Indeed, the entire notion of adjacent places emerges from the concept of pat-
terns of association.147 Location and containment are polymorphisms of that
abstraction in the Metamodel of Knowledge. Physical Place is a pattern of associa-
tion of the places it holds. Similarly, Time is a polymorphism of the sequenced
pattern of association.148 Unlike Time, physical space is an unsequenced pattern
of association between places, a pattern that is sufficiently dense to become dif-
ference scaled.149 Thus, physical space is a polymorphism of the generic Place in
Figure 2.2, albeit a very severely constrained Place.

147. Earlier in this chapter, Medium and Document, Energy and Physical Objects, and Box 12 discuss different kinds of physical and non-
physical spaces. Chapter 4, Section 1, in [337], discusses physical and nonphysical space in the section on patterns.

148. Chapter 4, Section 1, in [337], discusses patterns of association under the architecture of patterns.
149. In mathematical terms, difference scaled spaces are dense [208], and distances between places in such a difference scaled space is totally

ordered [213]. See Value Difference functions in [211] for a more mathematical elaboration of the theory behind difference scaled
spaces. Chapter 4, Section 3, in [337], discusses the concept of continuity in terms of the density of information in a domain under The
Information in Domain. The discussion on density of information in Box 45 on our Web site adds to this discussion in [337]. A contin-
uum of distances, such as those in ratio and difference scaled spaces, is said to be mathematically dense. More precisely and pedantically
speaking, an ordered set of values is said to be mathematically dense when there are infinite numbers of values between two distinct val-
ues of a set, regardless of how close the two values are to each other. See the density of partial order in [208] for a more rigorously precise
mathematical description of density of a place that consists of places; [208] also discusses the mathematics of dense sets. The smallest
dense, unbounded totally ordered class, is the class of rational numbers [220], and the largest is the class of surreal numbers. See [213,
231]. For more mathematical detail on the continuum of magnitudes, see [204, 216].
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At one extreme, every node and association may utilize a different proportion of
its capacity to convey different instances of a resource. Moreover, capacities of each
node and association may depend on the capacities of other nodes and associations,
or even on their histories (including its own). At the other extreme, the capacity uti-
lized by all objects being conveyed by the network might be the same, and at the
very extreme, that capacity might be null (i.e., the network has no capacity con-
straints) for any object that traverses it.

The network is more than an aggregate object. It is a composition, a subtype of
an aggregation (see Box 10). A network also consists of networks, as we saw in the
section on Structure. The aggregation that is a network may normalize rules about
how resources traversing the network will be routed—along which networks that
are parts of the overall composite. These rules can address and resolve capacity con-
flicts between resources that traverse the network. For instance, a message travers-
ing the Web might be broken up and each piece routed differently before it is
assembled at its destination. Similarly, a network of individuals may delegate work
dynamically, depending on how busy each person is.150 Indeed, the network itself
may be a dynamic object: shifting, evolving, and changing continually in response
to its governance, its environment, and its load; adding, dropping, and altering its
nodes and associations; and extending, shrinking, and changing its capacity and
state as it continually responds to events external and internal. Needless to say,
without careful governance, a complex network could easily become chaotic.151

All Petrinets are temporal networks (see the endnote on Petrinets). A wireless
network of cells and telephones is a network, as is a network of individuals seeking
work, or a network of relationships between objects, temporal or not. A Network is
a universally useful concept, a glue that connects, and a route that conveys. Its
polymorphisms are without count. When it conveys, it is also a Place. When it con-
veys in a direction, the network becomes a Route. Thus, a Route is a network with
information on direction added. A Route is a key polymorphism of Network. Natu-
rally, networks are needed to support transportation and exchanges. Indeed, without
networks, there can be neither meeting ground, nor transportation, nor conveyance.

Aggregating resources is the first step in organizing them. Giving the aggregate
a structure is the next step. Structure is a polymorphism of aggregation (see Box 10).
Structure is a meaning. Things (e.g., compositions, objects, or processes) can be
more or less structured. Things become more structured as we add information to
them.152 Structures with information added are polymorphisms of those to which
they add information (see Box 14). As we add information to an aggregation of
objects, creating a structure, we increase its organization. The quantum of its orga-
nization increases in step with the information we add to it. Thus, a process that cre-
ates a structure or an aggregate is a process of organization and governance. A
process that restructures also reorganizes as it governs.

Networks and aggregate objects organize their members (i.e., nodes). A
Network is a network of resources (i.e., a subtype with two parents—Resource and
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150. Module 5, Section 3, on our Web site discusses this example in “Processes That Gain or Lose Structure.” It demonstrates the meaning of
unstructured processes and shows how the Metamodel of Knowledge can configure well-managed but unstructured processes that can
be more responsive than rigidly structured processes.

151. See [292, 293, 312, 323]. See also [72–74, 83] for more information on chaos.
152. Module 5 on our Web site discusses in depth the parameters, partitions, and polymorphisms of different kinds of Structure.



Structure). Networks have no information on the directions of associations
between their nodes. (Network was omitted in Figure 2.9 to reduce clutter). The
nodes of a network may all belong to the same class of objects, or they may
belong to different classes. We will call networks of nodes of the same class homo-
geneous networks, and networks of nodes of different classes, heterogeneous
networks.

The concept of organized people, places, and other resources brings us to the
nature of routes and distribution channels, both of which are critical components
of supply chains that are the lifeblood of business.154

Route and Distribution Channel A Route is a polymorphism of Path and
Resource. We saw this in the section on Structure. This is because every resource
also can be a Place. Place, as we have just seen, is a role of Resource (see Figure
2.2).155 A Route is a route through places, and hence through resources. We have no
information on what will be conveyed on this route. We only know that a route
exists because resources may be locations of resources, and some locations may be
directly accessed from others, whereas other locations may not be (see Box 26).156 A
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153. Mathematically speaking, we can say that the class of a homogenous aggregation of high-level (information-poor) objects is idempotent
with respect to the class of its nodes. This property of idempotency of homogenous aggregations with respect to its class of its nodes is
inherited by Homogenous Structure, and extends beyond the objects in Figure 2.1. For instance, this property of networks will hold for
all objects, except Legal Entity in Figure 2.10; it will hold for polymorphisms of Information and Physical Object in Figure 2.9, and for
polymorphisms of Negotiation, Plan, Monitoring Event, and Calendar in Figure 2.5. As we descend the subtyping hierarchy,
polymorphisms of this idempotent relationship will open out into nonidempotent polymorphisms, as discussed in Box 10. Thus, a col-
lection of tables is not a table, nor is a collection of soccer balls a soccer ball.

154. Module 5, Section 3, in [337], discusses supply chains. See Supply and Demand Chains, and Box 59 on our Web site.
155. Place is a polymorphism of Resource created by the Locate relationship (see Box 12). Places that do not contain other resources are

empty (Contain is a polymorphism of Locate). Route not only adds information on connectivity to Place, but also adds information on
the directions of associations between places. Therefore, Route is a polymorphism of Place and Path.

156. Chapter 4, section 1, in [337], Patterns Of Sequenced Versus Unsequenced Association, discusses the connectedness of location in detail.

Most homogenous structures (or aggregations) that consist of the basic objects in Fig-
ure 2.1 are organized (or aggregated) forms of the resources they organize; that is, the
network (or aggregation) belongs to the same object class as its nodes. Structures
inherit this property from the aggregation (see Box 10). Thus, a network (or aggrega-
tion) of energy is (organized/aggregated) energy; a network of physical objects is an
(organized/aggregated) physical object; a network of information is (organized/aggre-
gated) information; a network of events is an (organized) event; a network of docu-
ments is an (organized) document; a network of organizations is an organization; and
a network of places is an (organized) place. Each organized/aggregated object is an
instance of an object class with two parents, Structure and the class of its nodes.153 An
aggregation of Persons is “people.” A network of persons is also people, but it is also
known as an “organization” or “organizational unit.” The English language makes
this exception; it is more discriminating when dealing with structures made of persons.
Thus, networks of persons are organizations of persons, which is different from Per-
son. It is the exception among the objects in Figure 2.1. Unless we qualify the term oth-
erwise, Organization or Organizational Unit in this book will mean organizations of
people or organizations of organizations of people.



Route is a pattern of association between resources that are also places. The
nodes on a Route are always Places. Therefore, a Route is also a Place—it is a
polymorphism of Path and Place. The added information is not only that the
meanings of Place and Network are joined in Route, but also that the directions of
associations between places in a route are known. This information is inherited
from Path. Thus, a Route is an inclusion polymorphism of Network. Box 10
describes inclusion polymorphism.

The route may be a chain of people or organizations in a supply chain that is
distributing and delivering products and services to customers. It then becomes
a Distribution Channel (see Figure 2.10). Distribution Channel is a key poly-
morphism of Route, and is of great importance to business. Distribution Channel
is the thread that stitches partners in a supply chain into a collaborative pro-
cess. The people and organizations between the first and last nodes of a distri-
bution channel are Intermediaries, a polymorphism of Person/Organization in
Figure 2.10.

Nodes on a route need not necessarily be people or organizations in order to
mediate between the beginning and end of a path. The route also could be a
geographical route—a route for transportation, transshipment, and travel of physi-
cal objects. A route could be the route that information takes through a set of virtual
places to reach a destination—a route in the information logistics layer of Figure 15
in [337], on our Web site. It could be a roadmap of the kinds of energy that will con-
vey information from source to destination, or a path through a set of physical con-
tainers that will deliver jewelry to a vault for safekeeping. The Route in Figures 2.9
and 2.10 is a generic route. It subsumes all routes, telling us only that Path and
Resource have joined to create a Route. A Path is an abstraction that only lends a
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Box 26: Connections and the Concept of Neighborhood

The concept of a neighborhood, or neighboring points in a region,
does not hold in all kinds of spaces. For instance, a nominally scaled
space has no information on which points are closer to which other points. It
only conveys that each point is distinct and different. Thus, there is no con-
cept of neighborhood in a nominally scaled space. A difference or ratio scaled
space could be considered an infinitely dense network of an infinite number of
infinitely connected nodes that make a neighborhood. Chapter 4, Section 1,
in [337], discusses this in more detail, with examples, in the section on
patterns. A space is also a place where things can exist—a place of contain-
ment, location, and conveyance. It might seem strange, but a space in which
the concept of neighborhood stands is a polymorphism of a network, and a
space in which there is no neighborhood is a polymorphism of an unstruc-
tured aggregation. Both are components in the Metamodel of Knowledge
described in [337]. The Universal Perspective is derived from this abstract
knowledge.
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sense of direction to Structure.157 Route is concrete. It tells us that resources consti-
tute the nodes of a Path. Polymorphisms of Route will tell us what these resources
are. Clearly, Route subsumes, captures, and contains the common essence of
polymorphisms without count.

From Figure 2.8, it is clear that a path may consist of other paths. Any route
through the networks in Figure 2.8 is a path. Thus, the path actually taken by a
resource being conveyed on a route is a Part of the potential path (i.e., route) that it
is permitted to take. The Part of relationship was discussed in Box 12. The actual
route traversed, as opposed to the route(s) available in a path, is also a key polymor-
phism of Route that has frequent interest to business. It is often tracked against a
baseline. That baseline could be a planned route, or the set of available routes. All
three—the actual route, the available routes, and the planned routes—are resources
frequently used by polymorphisms of the tracking processes in Figure 2.5. As we
have discussed earlier, tracking and governance go hand in hand.

Charts of Accounts Clearly, with reference to the discussion of Path and Tree in
the section on Structure, a chart of accounts is a tree-structured path. It is a tree,
because each account directly rolls up into only one other (although several
accounts might roll up into a common parent that summarizes them);158 and it is a
path, because the roll-up hierarchy has a direction. Clearly, the accounts in the
hierarchy are polymorphisms of Fund. Thus, a chart of accounts is a structure
that is a polymorphism with two parents, Path Tree and Fund. Note also how
the hierarchy in Figure 2.9 has been flattened. The tree in question is also a
polymorphism of Route, and Fund is a polymorphism of Resource. Had it been
shown in this manner in Figure 2.9, the hierarchy would have been deeper
and more complete. However, in the interest of clarity, it has been flattened
(see Box 15).

Organizational Structure Organizational Structure has been omitted in Figures
2.9 and 2.10, because it is very similar to Chart of Accounts. It is a polymorphism
of Path Tree and Person/Organization. There are several polymorphisms of this
basic tree structure that are often of interest to business, such as reporting
structures, ownership structures, and others. We will discuss organizational
structure in more detail in the section on polymorphisms of people and
organizations, and when we discuss relationships and rules of engagement between
the objects in this section. These interactions are also stock themes of business.

Structured Task Structured Task needs little further elaboration. Process maps
are polymorphisms of Path and Task.159 In unstructured tasks, dependencies,
ownership, resources, products, and other parameters of tasks are determined at
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157. Structure is the abstract pattern of association discussed in Chapter 4, Section 1, in [337]. Route adds to Structure by telling us that the
pattern is a pattern of association of resources. Thus, Route is a polymorphism of an abstract pattern that resides in the Metamodel of
Knowledge. Path is the abstract pattern of sequenced association of Chapter 4, Section 1, in [337]. Indeed, every theme and concept we
deal with in the real world blossoms from the abstraction that we have called the Metamodel of Knowledge (details in [337]; see also
Box 30). They blossom as polymorphisms, or grow out of interactions between objects therein.

158. If the accounting hierarchy is not a tree, and a node is associated with multiple higher level nodes, then we might have to apportion the
quantities we roll up by some rule of allocation. Allocation is discussed in Chapter 3, Section 2, in [337].

159. Box 2 has an example of a process map, but it omits detail on resources and products of processes. See Figure 92 on our Web site.
Module 5, Section 3, on our Web site, discusses process maps and process decomposition in detail.



execution time. See “Supply Chain Standards” and Box 59 on our Web site. Figure
2.9 reiterates that the restructuring of process maps and structured tasks are not
normalized by Task or Process, but by Structure. For instance, the effect of a
restructuring event will restructure a Structure or Path. Changes in direction will be
normalized by Path and changes in connection by Structure. This behavior will be
common to the restructuring of process maps, organizations, routes, charts of
accounts, task or resource dependencies in a project plan, or any other structure.
The effect resides in Structure, and is automatically inherited by, and shared with,
every kind of Structure, including Task.

Indeed, the same computer code could be used to restructure tasks, organiza-
tions, routes, accounting hierarchies, process maps, and other structures in different
software applications specifically targeted for each kind of structure. This demon-
strates how Structure, as well as its behavior, is a reusable component of knowledge
that can be borrowed from the Universal Perspective, and is also an example of how
normalized knowledge can save cost, time, and effort.

In Section 2.1.2 we will discuss in more detail Task, the theme and pattern
of information, in terms of its relationships with business objects, people, and
organizations.

Mediation and Proxy Mediators mediate between nodes of a Structure.
They could be transshipment nodes between the source and destination, nodes in
the Network, and roles of resources in a resource transfer within a Network.
The resource being transferred or shipped through the network could be any
resource in Figure 2.2—rights, agreements, business products, or anything else. The
transferring and receiving nodes in the network also may be any polymorphism of
Resource, including Person/Organization. The nodes between the source and
destination are Mediators, and people or organizations that play this role in a
network of Person/Organizations will be Intermediaries. Thus, Intermediary is a
polymorphism of Mediator.

The distinction between Intermediaries and inanimate Mediators becomes
important when conflict of interest issues must be resolved in a network of Per-
son/Organizations, in which an Intermediary may represent one or both parties in a
Meeting. This is also a stock theme, a Topos if you will, which we will discuss later
in this chapter, in the section on common roles of people and organizations.

Note that mediation does not always imply a process or the flow of time. Any
asymmetrical relationship implies a directional interaction. For instance, represen-
tation of one object by another is a nontemporal flow of information, and a poly-
morphism of Mediator.160

A Proxy is a special kind of Mediator. Inherent in the concept of one object
standing in as a proxy for another is the fact that an object may not only mediate
between resources, but that it also could be a resource or symbol that represents a
resource when it is “sought” by another in an interaction. This kind of representa-
tive is also known as an Agent.161 Seen in this manner, it is clear that representation
implies an in-between node in a directional structure (i.e., a Path). Figure 2.10 has

126 The Universal Perspective: Scope of Business

160. Box 36 on our Web site discusses representation and its polymorphisms, some of which are also in Box 38.
161. Expression, an object, is identical to Expressed by, its defining relationship; the information conveyed (and hence meaning) is identical.

See Module 6, Section 2, on our Web site and teh note on functional programming.



this polymorphism of Resource. A node in this role will be a Proxy. We will discuss
this role in the context of people and organizations later in this section. It is a special
role. A human Proxy is a Representative; so is an organization in this role.

Symbols express information through the formatting relationship. It is a poly-
morphism of “represent.” The role of being a mediator is also a polymorphism of
“represent.” It is a role that attempts to manage conflicts of interest or resolve dif-
ferences in expressions, such as protocols, languages, and so forth. Indeed, the For-
matting relationship is also a polymorphism of mediation. The diversity of its
application illustrates how the Universal Perspective unites seemingly unrelated
meanings in concise generalizations—generalizations that are not always intuitive
until they are articulated.

Objects in the Universal Perspective are unifying patterns that articulate the
essence of common concepts. They are essential patterns of information, and are the
seeds from which everyday meanings grow and flow. These objects are like broad
oceans into which rivers of meanings flow, to lose their individuality, even as they
preserve their essence. Thus, these Universal Objects are the ultimate integrators of
concepts, processes, objects, data, and even databases, a topic on which we will
elaborate in Section 2.1.2.

Common Polymorphisms of Information
Information is arguably the most abstract object that we have described in this
book. Its polymorphisms are impossible to exhaustively enumerate. Indeed, infor-
mation is so abstract a concept, that it was more than two thousand years, from the
time Thales of Miletus formally recognized the concept of matter in ancient Greece,
to the time Claude Shannon of Bell Laboratories gave the concept of information
equal status. See the endnote on the topic. Indeed, it may even be argued that we
sense the physical world only through the information conveyed to us by our senses,
and hence the physical world itself is merely a polymorphism of information. (See
the parable of Metanesia in Chapter 1.162) However, such debates are better left to
philosophers and scientists. We will only focus on those few, but sufficiently
generic, polymorphisms of abstract information that are stock themes used and
reused all the time in the world of business. They are meanings and patterns of pure
information that represent only information.

Business is built on information, or more appropriately, on the communication
and exchange of information. Therefore, it is perhaps most appropriate to start our
discussion with Message, the stock theme at the heart of all communication.

Message A message is information in transit. It is information that is currently
being acted on by the transportation process we recently discussed. A message is
thus a role of information—a subtype and a polymorphism. Information might be
in transit in physical or virtual space. Accordingly, a radio broadcast is a message,
as is the information recorded on a paper document being hand carried by a courier,
or news in electronic transit from one Web page to another. Note that, unlike
physical objects being transferred, delivery of a message does not imply removal of
the information from its source.
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162. Chapter 4, Section 1, in [337], expands on this theme, under “Five Fundamental Formats.”



Goals, Features, Issues, and Risks A goal is a purpose. Every business has a
purpose. Goals were discussed under collaboration and conflict. It was clear that a
goal is information about the work product of a process. It is a polymorphism of
Information, and the purpose of a Guideline. In this book, we will not distinguish a
goal from an objective.
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Box 27: Issue Management—A Stock Theme and Common
Polymorphism of Meeting and Negotiation

Issues may be interrelated. The resolution or closure of an issue also may
resolve or close several other issues, or it might take the resolution or closure
of several issues to resolve a single issue. In other words, issues may involve
each other through (optional) many-to-many relationships.163 Often, one per-
son or organization will “own” the issue. That person or organization should
usually be the party that tabled the issue, even though the primary coordinator
who will track and coordinate its resolution and closure could be a different
party. Several parties may have to coordinate with each other to resolve the
issue, but it should not be considered resolved or closed unless its “owner”
agrees that the issue is resolved or closed. The dimensions of ownership of an
issue are identical to those of any process. These “RAWCF” dimensions (see
Box 10) are inherited from the metamodel.

Resolution of an issue involves governance. The primary processes are
processes for tabling and coordinating issues, processes that will analyze
issues to determine what work products will resolve the issue, and who will
own those intermediate steps that use or produce these work products (in
terms of “RAWCF” dimensions). The issue management process is a common
polymorphism of Meeting. Issue resolution is a common polymorphism of
Negotiation.

The process of resolving an issue is a common event and shared theme of
business. It is a coordination and communication mechanism that glues
together business. Its polymorphisms can be the source of several states of
Issue between the time when it is opened, resolved (or declared irresolvable or
redundant), and closed. Note that reopened is also another universal state of
Issue that we must recognize.

Issue resolution is not only a common theme of business, but is also an
example of a stock theme that is an unstructured process, because work
products, resources, resolution processes, and ownership can change from
instance to instance of issues, and may be decided “on the fly” at execution
time.164
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163. An issue may (optionally) involve several issues, and each involved issue may also involve several issues. Box 24 discusses many-to-many
relationships. Figure (g) of Box 24 shows a many-to-many composition.

164. Module 5, Section 3, discusses unstructured process. See also Box 59 and “Processes That Gain or Lose Structure,” both on our Web
site.



Issues are associated with goals. An issue is perhaps the most generic item of
information businesses manage. An issue is information about a goal. It could be
any information about the goal—the risks associated with the goal, an elabora-
tion of the goal, information on guidelines, regulations, resources, processes, or
anything else. Issues must usually be tracked, acted upon, resolved, and closed.
Sometimes, they also might be marked irresolvable or redundant, and closed. These
are all states of Issue. Note that an issue might not always be closed on resolution, or
on the determination of irresolvability or redundancy. Closure, resolution, and
redundancy are independent states of Issue.

A risk is a special kind of issue; it is the risk associated with a goal. Therefore,
Risk is a polymorphism of Issue (see Figure 2.9). It is common practice to resolve
Risk into different kinds (polymorphisms) of risks that flow from different risk fac-
tors. These risk factors can be traced back to risks that stem from resources, or
uncertainties that stem from uncertain information about resources.165

Requirements, Needs, and Product Markets A Need is a requirement of some
kind. For instance, a process may require specific kinds of resources, or customers
may require specific kinds of products and services. A Need is information. Like
Risk, it also is a special kind of issue. Market Need is a special subtype of Need,
and usually an issue of paramount importance to a business and its goals. A
business can only thrive if it satisfies the needs of its marketplace. A Market
Need is always associated with one or more market segments, each of which in
turn may have several market needs (see Figure 2.18). Needs are satisfied by
features. Features are characteristics of the resources of Figure 2.2 (hence, also
characteristics of Business Products). Market Needs flow from one or more of the
five communities in Box 21. Hidden in the relationship between Products and
Markets, and mediated by Need, lies an object of utmost importance to business.
It is arguably the single most strategic object we will encounter in business: Product
Market.

In a product market, features map to market needs, and vice versa. This
many-to-many relationship is optional, because it is possible that there may be fea-
tures that satisfy no needs, and conversely, there may be unsatisfied needs.166 It
might even be that removal of a feature satisfies a need. See Box 62 on our Web site.
Market Need is a special kind of Stakeholder Need. It is a polymorphism in which
the stakeholders of Box 21 is a customer, or a market segment based on aggrega-
tions of customers, potential or actual.

Guidelines and Regulation A guideline is information that guides. The concept
scarcely needs elaboration, and has many polymorphisms. Policies, standards,
rules, regulations, and instructions are all guidelines. An unadorned goal, without
process or resource, is perhaps the simplest of guidelines. A generic guideline
is an information-sparse relationship between resources. It only tells us that
unknown numbers of unknown resources are mutually involved with each other,
towards some unknown goal. In order to call a pattern of information a guideline,
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165. Chapter 4, Section 3, in [337], discusses the relationship between risk and information quality.
166. The satisfaction of market need and its relationship to product and process reengineering are discussed in detail in Module 5, Section 3,

on our Web site. See “Product Reengineering and the Mutability of Compositions,” on our Web site. See also the discussion under the
buying and selling cluster in Section 2.1.2 in this book.



all we need to know is that one resource, perhaps the only resource in the
relationship, must be a goal. Thus, a Guideline adds information to Goal, and
reduces to a Goal as we leach it of information. Therefore, Guideline is a
polymorphism of Goal.

A guideline is also an issue, because every guideline involves some goal or pur-
pose. However, it is an issue that is marginally more structured than the generic
issue we recently discussed. A guideline guides; an issue may not. Therefore, a
guideline adds information to an issue, and its degrees of freedom are fewer (see Box
30). This is why Guideline is a subtype of both Goal and Issue in Figure 2.9.

This generic guideline crystallizes into a concrete instance of a guideline or rule
as we make its components more specific by adding information to them. For
instance, the template, on which the terms and conditions of an insurance policy is
based, is a guideline. Similarly, the checklists of processes needed to implement and
institutionalize change in Part II of this book are also guidelines, because they are
tied to goals.

Guidelines may be mandatory or merely desirable. A mandatory guide-
line is a Regulation. Mandatory and desirable guidelines are mutually exclusive
polymorphisms of Guideline. As we add information to the composition of infor-
mation we call Guideline, it could tell us how desirable its goals are. The guideline
will descend through the hierarchy of quantitative relationships in Box 10, in step
with the information we add. At the nominal level, it might tell us whether the
guideline only offers guidance, or if compliance is mandatory. As we proceed
deeper and lower into the subtyping hierarchy of Guideline, we will gain informa-
tion on priorities, desirability, and ultimately even quantified indicators of desir-
ability, importance, or enforcement. The metamodel of Relationship on our Web
site shows this in Figure 116. Guideline is an inclusion polymorphism of the hierar-
chy in that figure.

When we add temporal information to a relationship, it turns into a process
(see Box 10). It follows that adding temporal information to a guideline will turn it
into a governing process. Governing processes can resolve conflicts by prioritizing
goals.

Terms and Conditions Terms and Conditions is a role of Guideline usually
associated with agreements. However, it is a relationship with a Person or
Organization that normalizes and distinguishes Terms and Conditions from generic
guidelines or standing instructions (e.g., those in technical manuals). Terms and
Conditions not only binds resources to one or more goals (like guidelines do), but
also describes who will be bound by them. Terms and Conditions must always
apply to the party it either binds or proposes to bind. Moreover, the Term of a
Condition tells us how long the party(s) will be bound, and hence is a polymorphism
of Event. A Condition, a relationship between the resources of Figure 2.2, must
always be valid167 for a Term, even if that term has no end, and binds parties in
perpetuity.

For instance, the template on which the terms and conditions of an insurance
policy is based, turns from Guideline into Terms and Conditions at the moment we
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167. Chapter 3, Section 2, in [337], describes how validity is a pattern of information, represented by inclusion and exclusion sets. These sets
determine what is permitted, what must exist/occur, and what cannot be. This is different from the term in Box 30 in this book, yet
related to it. Validity of measurement describes what items may or may not be measured to obtain an item of information.



fill in the blanks on the template (a form) to insure a specific item for a specific per-
son or organization. Similarly, the change management checklists in Part II of this
book will turn from guidelines to terms and conditions when specific managers in
specific organizations agree to implement them or give them the status of a proposal
under consideration.

Qualifications, Skills, and Credentials A qualification is information that
provides the basis for confidence or belief towards some kind of capability or
functionality. A qualification always qualifies a resource, which also may be a
product (see the discussion on Figure 2.2). For instance, a person becomes a
carpenter when he or she obtains the qualification by learning carpentry. An aircraft
being manufactured is qualified to fly after it acquires this capability at the end of
the manufacturing process. A home becomes qualified as a living place when
certified by a building inspection.

Qualification is pure information. When a competent authority (a person or
organization) accredits the information, it becomes Credential. For instance, an
aircraft may be qualified to fly, but obtains the credential to do so after a compe-
tent authority certifies it as flightworthy. Similarly, a building may qualify as a liv-
ing place at some point in its construction, but is accredited as such only after the
town issues a Certificate of Occupancy—a credential. Credentials even may be
issued jointly. Consider a check. It becomes an instrument for payment when
signed. Some checks might need multiple signatures before they become payable.
Several people or organizations issue the credential for the check that certifies the
belief that it will be paid. The credential is then the aggregation of individual
signatures.168

Can a resource without the requisite capability be accredited? It should not be,
but it can certainly happen in real life. Exceptions are a component in the
Metamodel of Knowledge, as discussed in Module 5, Section 3, under “The Risk
Management Transform in Crossing the Chasm,” on our Web site. When this hap-
pens, the resource must be considered accredited and qualified, however mistaken
this qualification might be, and even if the resource does not actually have the requi-
site features to justify the qualification. Why? The opening phrase of this section
tells us why: “A qualification is information that provides the basis for confidence
or belief.” Even if the information is untrue, the resource is qualified at the moment
we link it with a qualification—a belief.169

The qualification of that feature expresses a belief, whereas the Possession of
that feature expresses a fact. The two relationships are distinct and different. For
instance, a check may bounce, even after its signatories have certified it.170

2.1 Universal Perspective, Universal Pattern 131

168. A credential is actually pure information. For instance, the credential for a check is the authorization to pay by its signatory; the actual
signature is only the format of this authorization (i.e., a symbol and a token). The authorization may be formatted in several ways, for
example, a voice instruction backed by a password, a biometric authentication (such as a voice print or a retina scan), or an electronic
signature.

169. Mandating a relationship between the resource in question and the feature being qualified, contingent on the resource-qualification rela-
tionship, can represent the validity (i.e., the truthfulness) of the qualification. Module 5, Section 1, on our Web site, discusses mutually
inclusive and subset relationships. A subset relationship is contingent on another relationship, but not vice versa. The subset may or may
not exist if the superset does, but the superset must exist if the subset exists.

170. We would attach a subsetting or mutual inclusion constraint between the two relationships (i.e., possession of the qualification and pos-
session of the feature), to ensure that the qualification will be accurate, but as described in Module 5, Section 3, on our Web site, con-
straints can always be violated, and beliefs belied. In the real, uncertain world we live in, exceptions occur.



Thus, even an unearned qualification is a qualification. It might even be a certi-
fied, albeit undeserved, qualification. A qualification becomes a credential when the
accrediting person or organization confirms the qualification. It still remains a mere
belief, not inviolate truth. Thus, an accredited or certified qualification is a role of
qualification—when the belief is linked to the accrediting authority via the certifica-
tion relationship in Figure 2.9. That relationship is the credential. It is a polymor-
phism of Information. A credential might reduce risk, but cannot be a substitute for
untarnished reality.

Usually, the credential is recorded on at least one document. However, the fact
of accreditation is the credential, not the document(s) on which it is recorded. We
know that we can only normalize knowledge if we distinguish information from the
documents that record it. Credential is a relationship and an object. Indeed, a quali-
fication may carry more than one credential. A Credential is also a qualification. It
is a qualification of a qualification, a polymorphism of Qualification. Figure 2.9
articulates this.

A Skill is a special kind of qualification. Unlike Qualification, which might apply
to any resource of Figure 2.2, a skill qualifies only people or organizations for partic-
ular kinds of tasks. It is a more restricted pattern of information than a generic
qualification. It follows that Skill is a polymorphism of Qualification. Figure 2.9
shows this.

Sometimes, in common parlance, we distinguish skill from (work) experience.
“Skill” is a term applied to specialized tasks, such as carpentry or football, whereas
the term “Experience” is often reserved for more complex, softer tasks, such as
management of a business or formulation of strategy. However, in this book, we
make no such distinction. The term Skill, as it is used in this book, can qualify a per-
son or organization for any task.

Qualification mediates between Resource and Capability. Thus, it is a relation-
ship between the two objects. Skill mediates between a Person/Organization and
Task. It is a polymorphism of Qualification. Like all relationships, both may convey
ordinal or quantitative information, and it may be possible to rank or quantify skill
or qualification levels. It is a fact inherited from the Metamodel of Knowledge in
[337], and a fact intrinsic in the Metamodel of Relationship in Figure 116 on our
Web site and is summarized in Box 10 of this book.
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Box 28: Qualification Versus Credential—Patterns of Meaning

A credential only qualifies another qualification. Note also that there
is no bar on a credential certifying another credential. Both the accredited
qualification and the accrediting qualification can be credentials. A Qualifica-
tion may qualify any resource. Therefore, Credential is a more restricted form
of qualification than (the generic) Qualification. Credential has fewer degrees
of freedom, and more information content, than Qualification. This makes
Credential a subtype and polymorphism of Qualification (see Box 14).
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Place Versus Address An address is a polymorphism of the Locate relationship
of Box 12. A Place is a location, and an address locates it. The Place could be a
physical location or a virtual location. An address is only information that points to
it. However, an address is not an abstract meaning like the other polymorphisms of
Information we discussed. An address is concrete and formatted information
instantiated in a document. Address, the class, normalizes the rules for formatting
this information, whereas an instance of an address is the formatted information on
locating a place. Thus, address is a polymorphism of two parents—Format and
Locate. Figure 2.16 shows this.

We also could call an address a subtype of two parents—Medium and Locate.
Address is a subtype of a special kind of Medium. A Medium tells us what formats
are permitted. It categorizes the substance of a document in terms of formativeness.
The format of an address, on the other hand, offers no leeway (i.e., no degrees of
freedom) in the way the address must be formatted. There are no alternatives,
because every alternative format becomes a different address. This is why an
address has been billed as the subtype of Format, not Medium, and this is also why
it is a subtype of Format and Locate. One parent is a rule on how information will
be represented by symbols, and the other is the relationship that gives rise to the
concept of Place.

Address and Place are distinct and different objects. A place may have many
distinct and very different addresses. For instance, a mailing address is formatted
differently from the abbreviated address in a telephone directory. Sometimes the
postal address of a place may put it in one town, whereas the municipal address
may put it in another. The Place will stay the same, but its postal and municipal
services may be provided from different towns, and they will address the same
place differently. The post office might use street, house number, town, and zip
code to locate a place, whereas a town might use block and lot numbers. Similar
examples of diversity of formats of location abound in virtual space as well. The
wellspring of this diversity is not only the multiplicity of potential formats for a sin-
gle meaning,171 but, perhaps at a more fundamental level, it bubbles out of the car-
dinality of the Locate relationship of Box 12. A Place may be located from multiple
points of reference.172

Thus, Address is formatted information on location—a symbol. It is neither the
location, nor the meaning of that location; it is not Place. It is information, and a
stock theme of business, but not information that strictly is a business meaning.
Place is that meaning. Address only formats and represents that meaning. Thus,
Address is a component useful in the design of interfaces used by various actors,
human or mechanical. Indeed, the same Place could have as many addresses as an
application has interfaces.173

An address format is a standard. Standard is a polymorphism of Guideline, and
different addressing conventions are classes of symbols and standards for format-
ting information on locations of places. Figure 2.9 articulates this role of Address
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171. The fact that a single meaning may have many expressions is central to the metamodel of knowledge. It is discussed in Box 33, and
Module 6, Section 2, both on our Web site. The fact that information may have many formats is a polymorphism of this central fact, as
discussed in Chapter 4, Section 1, in [337].

172. The cardinality and subtypes of Locate are discussed in detail in Module 5, Sections 2 and 4, and in Figure 114, on our Web site.
173. Address, like Format, belongs to the interface layer in the Architecture of Knowledge, described in “The Architecture of Knowledge”

(see Figure 15) on our Web site, and in Chapter 4, Section 2, in [337].



Format, the class, which is distinct from Address, a symbol and instance of the
class. Indeed, in that sense, a medium is also a container of formatting guidelines;
but these are usually guidelines mandated by nature or technology, not convention.
On the other hand, address formats are usually standards driven by convention and
common understanding. This is what makes Address a stock theme.

Elaboration Interpretation and Shifting Perspectives We often elaborate, and
always interpret, when we communicate. Both are stock themes. When information
is added to information, we have elaborated on it; when we clarify it, we interpret it,
perhaps in a new context.

Elaboration involves reducing the freedom of the meaning, a pattern of infor-
mation, by restricting it in some way.174 Thus, we could elaborate on the meaning of
a meeting by saying that it is a negotiation for the sale of a car. Common sense
clearly tells us that we have added information to Meeting and made it more specific
by elaborating on it, so that it has become a polymorphism of the generic concept of
Meeting in Figure 2.5. On the other hand, we could elaborate on Meeting, to
explain that we mean that it is the general Meeting of Figure 2.5, and not one of its
polymorphisms. That is also information added. We have implicitly added informa-
tion and identified the existence of its polymorphisms. Thus, we have created
implicit subtypes.

Although subtyping may sometimes be subtle, with a bare modicum of infor-
mation added, elaboration will turn a meaning into a subtype by adding informa-
tion. Sometimes, we may not even be aware that we are subtyping a bare meaning
by elaborating on it, because we meant it to be that specific subtype in any case,
and are just making sure that it is interpreted correctly when we describe it.
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Box 29: Elaboration and Exception

Elaborating on exceptions and exclusions constrains a meaning.
Constraints forge subtypes of the meanings they constrain. Constraints are
information (see Box 14). Thus, elaborating on exceptions or exclusions also
creates polymorphism of meanings that are elaborated. For instance, a negotia-
tion for any car except a Yugo is a subtype of a negotiation for cars in general.

Sometimes elaboration also could appear to reduce information by elabo-
rating on the fact that a meaning is a generalized form of another. For
instance, we might assert that a Transfer of Ownership is like a Sale, and sub-
sumes it, but also includes other kinds of transfers of ownership. When this
happens, we are not elaborating on the item that we are generalizing. Rather,
we are elaborating on the generalization (i.e., Transfer of Ownership in this
case), and describing one or more of its polymorphisms (i.e., Sale and other
unspecified kinds of transfers of ownership that are not Sale, in this case).
Thus, elaboration always subtypes the concept elaborated.
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Interpretation maps the equivalence of meanings between objects. It is another
polymorphism of Locate (see Box 12). To elaborate on this assertion, interpretation
is the mapping of relative locations of identical information in information space.
Thus, what is an incoming payment for a vendor might be an outgoing payment for
the customer. It is the same information and the same payment seen from two differ-
ent perspectives. When we locate information relative to another pattern of infor-
mation, we are also interpreting one in terms of another. For instance, in Figure 2.5,
we interpreted a sale event in terms of transfer of ownership, because we located the
meaning of Sale within the meaning of Transfer of Ownership. Thus, interpretation
is the mapping of meanings between objects—meanings that are patterns of infor-
mation in information space. When we add temporal information to the mapping
relationship, it becomes a process of interpretation.

When we infuse time into the elaboration relationship that adds information to
information, then it becomes the Process of Elaboration. The process of interpreta-
tion is asymmetrical, as all processes are, because of the one-way, asymmetric flow
of time.175 Interpretation in its most generic form is always a symmetrical relation-
ship, because if one object is interpreted in terms of another, the reverse is also
true. Relative location is a symmetrical relationship (see Box 12). However,
polymorphisms of locate may be asymmetrical, and could subtype the objects
interpreted (see Boxes 11 and 13). The subtyping relationship is also a polymor-
phism of locate.176

Generalization and Specialization are both asymmetrical polymorphisms of
Interpretation. Both locate a shared meaning across objects. Elaboration also
specializes a meaning by adding to it. Thus, Elaboration is a polymorphism of Spe-
cialization, and therefore is a polymorphism of Interpretation, once removed.
Translation involves mapping of shared meanings, and is a polymorphism of
Interpretation.177

When one meaning firmly locates another in a bijective (i.e., one-to-one) rela-
tionship,178 then the translation is symmetrical. On the other hand, if the translation
only locates a rough meaning that contains the meaning being translated, then the
translation is asymmetrical. Containment establishes the boundaries of a pattern,
but may not locate it precisely. It only establishes that the pattern lies somewhere
inside the boundary. Containment is an asymmetrical polymorphism of locate (see
Box 12).179 For instance, a mother may be called a parent, but not vice versa. A man
might be called a “male,” but all males are not necessarily human. If the meanings
roughly but not completely, overlap, then the reliability and validity of the transla-
tion must be considered. Reliability, Validity, and the interpretation of meaning are
important concepts in changing Perspectives.180 For example, the context of a model
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175. The impact of adding time to relationships in order to create processes was discussed in detail in Module 5, Section 3. See “Processes,
Events and Temporal Relationships” on our Web site.

176. See the subtypes of “locate” in Figure 114 on our Web site.
177. Chapter 4 in [337] discusses translation of formats, units of measure, and languages.
178. Bijective (on-to-one), injective (one-to-many), and surjective (many-to-one) relationships are discussed in Module 5 on our Web site. See

also the note on the Mathematical Theory of Categories.
179. Module 5, Section 2, under Location, Containment and Incorporation, and Section 4, discuss the containment of one pattern by

another. See our Web site, and Figure 114, therein.
180. Reliability and Validity are components in the Metamodel of Knowledge, discussed in detail in Chapter 4 in [337], under “Information

Quality.” Interpretation and translation of meanings discussed under “Meanings That Represent Meanings” at the end of Chapter 4,
Section 3, in [337]. See also Box 36 on our Web site.



might be restricted to only humans, but if we changed scope to include all living
creatures, then we may need to review the validity of all expressions that refer to
“male.”

Shifting of perspective involves mapping meanings from objects in one Perspec-
tive to objects in another. Mappings between objects may be one-to-one,
one-to-many, many-to-one, or many-to-many (see Box 24). Many-to-Many
mappings between object classes in different perspectives may sometimes be ambig-
uous at the instance level. Multiple interpretations may seem equally valid, and it
may not always be clear where an instance of an object may be located, especially if
the footprint of each object only partially overlaps the footprint of the other. Sea-
soned analysts are familiar with these issues. For instance, “Peace” shares a com-
mon meaning (i.e., absence of conflict) across most languages, but nuances are
different. For example, in the languages of Northern India, the word that translates
most accurately into the English word Peace is “shanti.” “Shanti” also mixes
absence of conflict with ideas of harmony, tranquility, and the spirit of universal
unity of all creation.181

The mappings from the stock themes of the Universal Perspective to every other
perspective only will be one-to-one, one-to-many, and many-to-one. This is how the
Universal Perspective becomes the hub that draws other perspectives together,
binding each into an interpretation that flows from the hub. Object classes of subor-
dinate perspectives will either be sundered as they map to the stock themes of the
Universal Perspective because they are compositions of meanings (e.g., the concept
of an Invoice may be sundered to map to Document, a Payment Event, and
Information); or they will be polymorphisms of the broad but precise generaliza-
tions that constitute the Universal Perspective.

Throughout this book, we have specialized, generalized, elaborated, translated,
and shifted perspectives. In other words, we also have interpreted. It is a familiar
theme in this book, and a stock theme of business. Shifting of Perspective is the cor-
nerstone of all creativity and innovation in the world of business. It is therefore also
a topos that is the key to survival in an age of surging change and global business,
driven by knowledge and information.

Common Polymorphisms of Physical Object: Construction, Equipment, and
Software Thus far, our polymorphisms have been abstract meanings. Physical
objects are more tangible. They are also fixed or mobile. Constructions, such as
bridges, buildings, tunnels, and goalposts on playing fields, are usually fixed in
place, whereas cars, soccer balls, and cordless phones move around—sometimes too
fast for comfort. We will call an immobile physical object Construction. Some
readers might call it a misnomer. Cordless phones and cars are also constructed (i.e.,
made from raw materials), but as long as we know what the term means in this
book, it will suffice to understand the theme it represents.

Lest readers be tempted to cast objects irrevocably into the category of mobile
and immobile objects, a word of caution is also worthwhile here. Bridges are quite
clearly “constructions,” yet the London Bridge now sits on the deserts of Arizona. It
was moved from London to the United States when it was sold. Who said bridges
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181. The problem of perspective is discussed in detail in Chapter 2, Section 4; Chapter 4, Section 3, under “Measurement of Meaning—A
Paradox of Perspectives”; and Box 49, all in [337].



could not move? For these kinds of reasons, it would be prudent to call Construc-
tions objects that are usually immobile.182

Constructions are central to many processes and functions that play supportive
roles. Naturally, they can also be considered Places. Constructions are resources of
special interest to business, and often incorporate special behavior, such as environ-
mental and climate control, management of facilities, use of utilities, such as power
and water, and so forth. A construction is often a key facility for business, and a sig-
nificant contributor to the fixed costs and overheads of business.

Equipment is also a facilitator and a Physical Object. It is any tangible tool.
Equipment may be mobile or not. Construction and Equipment are subtypes in dif-
ferent partitions of Physical Object. For instance, a blast furnace in a steel plant is
Equipment, and an immobile Construction. Equipment is used to transform or
change the state of something, or to elicit information from something. Vehicles,
pens, computers, diskettes, pressure gauges, thermometers, scissors, and hammers
are all examples of Equipment.

A physical object has no intrinsic property that turns it into Equipment. It only
becomes Equipment when we use it as such. A rock was just a rock, until someone
in the Stone Age used it as a tool. It then became Equipment. Equipment is a role of
physical object created by users of tools, and derived from its use. Anything can be
turned into equipment if we are creative enough to do it. Equipment is a polymor-
phism of physical object, which flows from the mind of man and the power of rea-
son when it turns a physical object into a tool with a purpose.183

It is perhaps less clear that Software is also Equipment. Software is a tool. It can
change the state of information, or even physical objects, when it controls machin-
ery. Software can certainly elicit information, report, and measure. It satisfies all
requisite criteria to qualify it as Equipment. The only criterion in doubt might be the
criterion that Equipment be a tangible physical object. Software satisfies this, too.
Software is not abstract meaning. It is formatted and coded information, symbols
recorded on a physical medium, such as a magnetic or optical disk. Even when the
symbols are transmitted through space in the form of radiant energy, they are mes-
sages coded in patterns of energy, and as we have seen earlier in this chapter, a tan-
gible object is a polymorphism of energy. The code is always recorded as symbols in
a document, even if that document is energy. When the code is used to transform,
make, or inquire, then it is recorded on a physical and tangible medium. It is a Doc-
ument. The code cannot be abstract information devoid of form, format, language,
and medium.

However, central to the concept of Software is the fact that the code is a mean-
ingful pattern of symbols. The code conveys instructions. Instructions are pure
information, a polymorphism of Regulation. It might sound strange that software is
a kind of Regulation, until we consider that software always regulates some-
thing—a machine, a robot, or perhaps only the computer or telephone on your
desk. An item of software is a set of instructions. This set of instructions determines
the purpose, functionality, and class of equipment of which an individual copy of
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the software is an instance. The actual instructions instantiated in symbols on a doc-
ument instantiate the item of equipment that is also an individual copy of software
in question.

If the code is replicated in many documents, then each document may be consid-
ered an item of equipment and an instance of Software. Each may be maintained,
serviced, and used separately. Each is a separate instance of the same class of equip-
ment. Figure 2.9 makes clear that Software has two parents—Equipment and
Document. Software combines Equipment and Document into one inseparable
polymorphism, a tool we have labeled Software.

Common Polymorphisms of Person/Organization An organization is an
aggregation of people. Naturally, it even may be an aggregation of other
organizations, because those organizations are also aggregations of people. An
aggregate may be an empty aggregate, and so too may organizations. There could
be empty organizations without any members; that is, an aggregate object without
members that only holds the meaning of an aggregation of people or organizations.
For instance, we might conceive of a task force to address an issue. Before we
determine its members, the task force is an empty organization. See Box 10.
Module 5, Sections 2 and 4, on our Web site discuss aggregation and structure in
detail.

Communities, the residents on a street, a family, or a corporation are all exam-
ples of organizations. A network of people and/or organizations is a structured
organization. Organizations also may be amorphous collections of people or other
organizations, such as clubs or communities. Organizations could be structured,
like a corporation or a distribution channel. In Box 10, we discussed how a struc-
tured composition is a polymorphism of an amorphous aggregate. A structured
organization is also a polymorphism of an unstructured organization.

As we have seen, a hierarchy is a special kind of structure. A hierarchi-
cally structured organization is a common subtype and polymorphism of a
structured organization. Corporations, governments, and armies are all examples
of hierarchical organizations. It is a common business pattern that we will discuss in
Section 2.1.2.

The concept of an aggregate infuses the concept of some kind of organization
into a collection, and a structure amplifies on it. Implicit in Person/Organization is
the concept of an organization of people or organizations of other Person/Organiza-
tions—even organizations that are empty. Figure 2.10 articulates some of its
polymorphisms.

An aggregation of persons is Organization. Therefore, the logic of mathematics
dictates that an Organization is a polymorphism of Person, as discussed earlier in
this chapter under Common Polymorphisms of Structure. However, the English
language makes a sharp distinction between Organization, a collection of persons,
and Person, an individual human being. To be consistent with common usage in
English, we must distinguish person from organization, and distinguish both from
the theme that subsumes the meanings of persons and organizations. The conven-
tion makes “Person” special. It bars polymorphisms of the locate relationship (see
Figure 2.1 and Box 12) from looping back recursively to Person [see Figure 2.13(c)].
Thus, a Person cannot contain another Person.184 This constraint implies that a Per-
son cannot be contained in, be part of, consist of, or be aggregate of Person.
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Contained in is the inverse of contain, Part of is a polymorphism of Contained in,
and consist of is the inverse of Part of and a synonym for aggregate of (see Box 12).
If Contained is barred, the logic of mathematics also will bar Contained in, Part of,
Consist of, aggregate of, and Subtype of (see Box 12). This is why Person is a theme
that is distinct from Organization or Person/Organization in the Universal Perspec-
tive.185 This is also how the Metamodel of Knowledge lends the Universal Perspec-
tive the power of Reason.

We will call the theme that subsumes the shared behavior of persons and orga-
nizations Person/Organization. Person/Organization is the supertype of both Per-
son and Organization. Many polymorphisms of Person/Organization are neither
people nor organizations, but roles that people and organizations share in their
interactions with events and other objects. These roles normalize the shared behav-
ior of people and organizations. We turn to Legal Entity first. It is a fundamental
theme of business and a key role shared by people and organizations.

Legal Entity All people are legal entities. Any person may be recognized as a
party to a legal dispute, event, or right in the eyes of the law. It is convention, and a
broadly accepted practice, that makes it a stock theme and a common role of
Person.

The law also treats some kinds of organizations in the same way. This is why
the role subsumes both people and organizations. However, not all organizations
are valid parties in the eyes of the law. Usually corporations and registered busi-
nesses, such as partnerships, recognized charities, registered political, educational
or religious groups, and others, are treated like people in many legal processes and
events.

However, the meaning of Organization is much broader. Organizations also
subsume groups that have no legal standing or recognition in Law. For instance,
task forces, departments, project teams, a coffee clutch in the office, an informal
community of interest, and others, are all organizations. Thus, all people are Legal
Entities, and so are some but not all organizations. Figure 2.10 articulates this arti-
fice of Law.

Temporary Versus Permanent Organization People have a limited life, and so
do organizations, especially those deemed Temporary, such as project teams and
task forces. A Permanent Organization is an organization with no known end
(much like a Saga), whereas a temporary organization has a scheduled end, or at
least is known to have one, and is not required to exist indefinitely. A temporary
organization is usually an organization established to manage an event with a
known end, such as a task or a project. Without the Universal Perspective, the task
and the organization are sometimes confused. For instance, a government
investigation, and the Special Prosecutor’s organization set up to conduct the
investigation, are sometimes treated as one entity. The Universal Perspective forces
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us to distinguish between the organization, a resource that is responsible for the
task, and the event, which is the task itself.

Distinction adds to clarity and normalizes behavior. For instance, when an
insured project starts failing, exceeds its allotted time, or breaks the bank, the
insurer might have the right to take it over. This right must specify what they will
control and own—the event and process, the project team, the work product(s), or
all of them.

Facilitator Versus Intermediary We have recently seen that a mediator is an
intermediate node, between the beginning and the end of a path, and an
Intermediary is a Person/Organization that plays this role in a network of people
and organizations. For instance, a distributor is an intermediary and a Mediator for
business products in a supply chain, because the person or organization in this role
is an intermediate node in a supply chain between the maker and the consumer of
the product. In other words, a Distributor facilitates getting the product to its
destination. An Intermediary (as well as a Mediator) might even add value to a
product (e.g., a service or other features) on the way to its destination. For instance,
a Value Added Reseller (VAR) is an Intermediary, as is a plain distributor or
reseller. On the other hand, a facilitator makes no changes to the resource being
conveyed.

An intermediary may or may not be a catalyst. For instance, if an intermediary
adds value to a product by guaranteeing it, he or she (or it) is bound by a guaranty.
It is a change of state for both the Intermediary, and the resource being guaranteed.
In this case, the Intermediary is not a catalyst, because the process has changed not
only the product, but also the state of the mediator. On the other hand, if the inter-
mediary merely plays the role of a consultant or a manager of the process, he/she/it
will emerge unchanged, and therefore may be considered a catalyst and a facilitator
(see Resources and Work Products in Box 10).186 A facilitator will always be a
catalyst.187

We need not always have complete information on structure to call a person or
organization the intermediary or facilitator of a process or event. Even unstructured
events could have facilitators and intermediaries. Sometimes the structure of an
event might unfold as it occurs, and even before it occurs, so we might know that the
structure will have roles for people who mediate its occurrence or facilitate its
results. Indeed, we may have created and assigned those roles ourselves. Thus, a
facilitated workshop has a facilitator, and an arbitration has an arbitrator. An
agreement may be reached with the help of facilitators, as in the historic Camp
David agreement between Israel and Egypt that changed the complexion of the
Middle East. The government of the United States, an organization (and a Legal
Entity—see Figure 2.10), facilitated the agreement. Intermediaries who facilitate the
end results of a process, like the binding of parties by an agreement, are its Facilita-
tors. When they also provide warranties, guarantees, or other commitments, they
are Intermediaries. They do this for the principal parties to, and the owners of,
the event.
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An Intermediary mediates a Meeting (i.e., the generic Meeting we discussed
earlier in this section). There must be at least two parties to an event between
whom the intermediary is mediating. On the other hand, a Facilitator need not
facilitate an event or a transfer of resources between people or organizations. A
Facilitator is a catalyst for any process or event. For instance, each process owner-
ship role discussed in Box 10 was a polymorphism of Facilitator. Thus, the Facilita-
tor of a process is a Person/Organization in the role of a catalyst. On the other
hand, an Intermediary is a resource that may or may not change state in the generic
Meeting we discussed earlier. Only some polymorphisms of facilitators also will be
intermediaries—only those who facilitate meetings (see Figure 2.10). The two roles
are independent polymorphisms in different partitions of Network. An Intermedi-
ary is an intermediate node in a network of Person/Organizations, whereas a Facili-
tator is a Person/Organization that is also a catalyst in a network of any kinds of
resources.

Meeting and Person/Organization normalize the optional role of Intermediary,
whereas Event and Person/Organization normalize the optional role of Facilitator.
The role is optional because not all processes will have owners or facilitators (see
the examples in our discussion of Figure 2.2). Naturally, these features will be inher-
ited from Person/Organization and Meeting (or Event) by all their polymorphisms,
which is a topic we will discuss in Section 2.1.2.

Supplier and Employee; Customer and Employer A supplier agrees to furnish a
resource. Suppliers are people or organizations that agree to supply resources. An
agreement (potential or actual, formal or informal) lies behind this role and
relationship (potential or actual, formal or informal), and the signing of the
agreement seals this relationship. The relationship and the agreement are one
indivisible object—they are the same. Note the distinction between a party that
agrees to furnish a resource it owns, as opposed to a party that actually furnishes
the resource. A transporter might actually furnish the resource physically, but is
not considered the Supplier of the Universal Perspective, whereas the owner is
considered a supplier because he or she agrees to furnish it. The transfer of
possession agreement is the key to this role. It is the same transfer of possession
agreement we had discussed earlier in this chapter. This difference between a
supplier and furnisher of resources is one more example of the need for surgical
precision of meanings in the Universal Perspective, as opposed to the need for
infinite detail that drives business. Detail does not always imply precision and
clarity. On the other hand, precision and clarity need only a few crisp facts, not a lot
of detail. The Universal Perspective demands precision and clarity, not detail. It
needs crisp and universal facts.

An employment agreement is a polymorphism of the generic agreement that
transforms a Person/Organization into a supplier. Persons bound in this manner are
Employees. Only people may be employees, not organizations. On the other hand,
organizations may be owned, and people may not. An employee agrees to provide
his or her employer a slot of personal time in an Exchange, for a prescribed purpose,
included in the Terms and Conditions (informal and official) of the employment
agreement. This is the central theme around which polymorphisms of Employment
crystallize.
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However, the distinction between an individual supplier and an employee is
fine and sometimes fuzzy, as even the Internal Revenue Service and many contrac-
tors will testify. We will not attempt to cast it in stone in the Universal Perspective,
except to say that an Employment is a stock theme and a polymorphism of the
more generic role of Supplier of resources, in which the (potential or actual)
Employee agrees to (potentially or actually) trade a slot of personal time in an
exchange with the Employer. The Employee must be a Person, whereas the
Employer may be a Person or Organization. The dividing line between a Person
who is a Supplier of Personal Time, and a person who is an Employee, may shift
from Place to Place (and even time to time, and Perspective to Perspective). A shift
in either direction will be the work product of a Universal Process of Interpretation
(or Reinterpretation).

Interpretation is a process that changes Perspective. It shifts between
polymorphisms, aggregations, and compositions. We will return to Interpretation
in Section 2.1.2.

A Customer is the purchaser (actual or potential) of a product or service. An
Employer is a polymorphism of Customer, just as Employee was a polymorphism of
Supplier. The Employer and Employee are parties at the opposite ends of the
Employment relationship, just as Customer and Supplier are the principal parties at
the opposite ends of the transfer of possession agreement. We have discussed both
relationships, and will refrain from belaboring the obvious, except to say that both
are universal themes with innumerable variations and polymorphisms. However,
the Customer, Supplier, and Employment roles in the Universal Perspective capture
their common essence.

Resource or Business Product Owner A resource owner has the title to a
resource. It is a different and distinct role from managing, controlling, or keeping it.
For instance, a minor may own a bank account, but a guardian may operate it. A
firm may manage and operate another firm by contractual agreement, without
owning it. A financial security may be owned by a person, but the depository may
keep it in trust. These are only a few examples that demonstrate that the fact of
ownership does not imply the fact of control or management. The two are
independent roles of Person/Organization.

Clearly, regardless of who manages it, only the owner of a resource can sell it.
However, intermediaries also may furnish a resource or facilitate its sale, and thus
be considered mediators in the supply of the resource, even though they may not
own it. Thus, a managing or controlling organization, including those with powers
of attorney, can be intermediaries in the Transfer of Possession event we discussed
earlier.

Business Product Ownership is clearly a subtype and polymorphism of
Resource Ownership, as the discussion of Figures 2.3 and 2.4 make clear. It follows
that this relationship will inherit the facts and behaviors of Resource Ownership
that we just discussed.

Competitor, Collaborator, and Representative Competitors and collaborators
are parties to the competition and collaboration events we discussed earlier. An
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event always furnishes the context of collaboration or conflict. Thus, the same
person or organization may be a collaborator in one context, and a competitor
(or worse) in another. The relationship between parties joined in this manner,
mediated by both conflict and collaboration events, is a strategic relationship.
A strategic relationship, as we have discussed, is an aggregate object—an ag-
gregation of collaborative and conflicting relationships. It is also a Topos, a stock
theme, gaining momentum in an exceedingly complex and broad world of glo-
bal commerce, backed by enormously complex and vast supply chains with global
footprints.

Regulations and policies for managing strategic relationships may change
between different footprints of the same enterprise or supply chain. Regulations and
policies may lay down the law about which conflicting and collaborative roles may
be allowed to coexist and which may not, and under what conditions. The Universal
Perspective furnishes the framework for attaching these constraints. These attach-
ments might vary by footprint, even as they share the common essence of the strate-
gic relationship.

Representation of one party by another is a special form of mediation.188 Inter-
mediary automatically inherits the role (see Figure 2.10). It implies that some inter-
mediaries are intermediaries because they represent others in a structure or trade.
The role may or may not carry a special baggage of constraints with it. For
example, a realtor is an intermediary who might represent both parties in a sale,
whereas an attorney is barred from representing both parties in a conflict. More-
over, rules may change from nation to nation, or even from state to state within
a nation. When people or organizations represent collaborators, competitors, or
those in more serious conflict, the rules of mutual inclusion, mutual exclusion, and
subsetting of relationships between them may become complex (see Box 10).189 The
Metamodel of Knowledge in [337] gives us the components that will help us shape
these interactions in the Universal Perspective to match the requirements of the
stakeholders in Box 21. Specific business rules may vary in different footprints, but
barring the same party from playing multiple roles in a strategic relationship (espe-
cially that of representing different parties in different roles in one or more foot-
prints) is also a stock theme of business, and is a polymorphism of the role of
representative.

The Power of Attorney is a legally recognized polymorphism of Represent that
lets one person or organization represent another almost like a borrowed identity,
albeit in a limited context. It is a common and powerful kind of legally binding rep-
resentation that is also a frequent stock theme subsumed under the Represent rela-
tionship.

Table 2.1 summarizes the principal polymorphisms that we have discussed thus
far in this section.
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Table 2.1 Summary of Stock Themes

THEME
(OBJECT) DEFINITION

TYPICAL
POLYMORPHISMS TOKEN FEATURES

INFORMATION Knowledge or
intelligence about a concept
or meaning

Market Need
Message
Risk Factor

Validity
Accuracy
Reliability
Amount

ENERGY
(A medium of
information that
normalizes the fact of physical
location; a bridge between
information space and physical
space)

The capacity for
performing physical work

Heat
Light
Kinetic Energy of an object in
motion
Gravitational Energy of an
object lifted against the force
of gravity

Quantum
Form (kind of energy)
Physical Location

PHYSICAL OBJECT
(Polymorphism of Energy)

A tangible object
detectable by our
hysical senses or
instruments

Vehicle
Equipment

Weight
Volume
Physical Shape
Physical Footprint
(Polymorphism of
Physical Location)

CONSTRUCTION
(Subtype of Physical Object
and Place)

An immobile construction
used to support or service
business activities

Building
Room
Living unit
Bridge
Tunnel
Factory
Parking lot

Floor space
Geographical Location
(Polymorphism of
Physical Location)

EQUIPMENT
(Subtype of Physical Object)

A tangible tool Machine
Vehicle
Software

Function
Usage

SOFTWARE
(Subtype of Document and
Equipment)

Program code to elicit specific
responses from equipment

Switching software
Numerically controlled
machine program
Computer
program/operating
system

Medium (inherited from
Document)
Language (inherited
from Document)
Function (inherited from
Equipment)
Usage (inherited from
Equipment)
Instruction (inherited
from Regulation via
Document)
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Table 2.1 (Continued)

THEME
(OBJECT) DEFINITION

TYPICAL
POLYMORPHISMS TOKEN FEATURES

PERSON/
ORGANIZATION

Any individual or
organization that has an
invested interest, stake, or
business dealing with the
enterprise

Collaborator
Competitor
Applicant
Beneficiary
Broker/Distributor
Payer
Payee
Customer
Vendor
Participant
Legal entity

Date of birth/creation
or appointment in role

PERSON
(Subtype of
Person/Organization and
Physical Object)

A Human being Employee
Spouse
Male Person
Female Person
Child

Gender

ORGANIZATION
(Subtype of
Person/Organization)

An association of people,
which could be an empty
association

Joint Venture
Controlled
Organization
Bank
Clearing House
Industry Evaluation
Organization
Task Force
Project Team
Department
Community

Organizational Charter
Mission
(An organization might be
controlled and
operated by one or
more persons who are
its members and have a
common mission,
purpose, and
responsibility.)

TRANSPORTATION
(A sequential
composition of one or more
Resource
Transfer events; a
subtype of Resource Transfer)

Movement from one place
to another with possible
multiple drops

Transportation of cargo
Transportation of
passengers in a vehicle
Movement of a frame
from one Web Page to
another
Conveying a message
Movement of mail
Transfer of an
individual from one
organization to another

Pick-up points
(polymorphism of Source)
Drop-off points
(polymorphism of
Destination)
Resource (object) being moved
(inherited from Resource
Transfer)

CONSIGNMENT
(A possible aggregation of one
or more resources;
polymorphism of Resource)

A resource that is picked up
from one place and dropped
off at another on a
conveyance

Mail addressed to an
individual or
organization
Road consignment to a
particular place
Air consignment
E-mail to an individual
Payload with a single target
Passenger in a vehicle

Consigned quantity
Mode of
transportation
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Table 2.1 (Continued)

THEME
(OBJECT) DEFINITION

TYPICAL
POLYMORPHISMS TOKEN FEATURES

SHIPMENT
(An aggregation of one or
more consignments)

A particular cargo that is sent
from one place to another on
a conveyance;
Each consignment in the ship-
ment may be dropped off (and
picked up) at a different
destination (or source).

Mail in the mail van
Road shipment with
several drop-off points
Air shipment
E-mail broadcast to
several individuals
Network transmission
Payload with multiple targets
Group of passengers being
transported by a vehicle

Shipment quantity
Consignments in the shipment

RESOURCE TRANSFER
(A polymorphism of Task)

The transfer of resources
between resources

Delivery of mail
The process for feeding
resources to a mechanism
that will transform them
Output process from a
machine after it has worked on
the resource fed to it
Transportation of
passengers from one airport to
another

Source
Destination
Resource (object) being moved

MESSAGE
(Polymorphism of Information
and Shipment)

Information or signal in transit
between nodes

Radio broadcast
Memo or letter
E-mail message
Telephone conversation

Source (inherited from
Shipment)
Destination (inherited from
Shipment)
Content (inherited from
Shipment; in this case the
content may only be some
subtype of Information)

EXCHANGE
(A polymorphism of Task)

Swap; to transfer a resource,
and to receive a resource in
return

A barter
The exchange of goods for
funds in a sale

Resource(s) Exchanged
Objects exchanging resources
Place of exchange

MEETING GROUND
(A polymorphism of Place)

A place of exchange Marketplace
A telephone network
Internet chat room
Fair
Shop
Mall

Object Classes involved in an
actual or potential exchange
Contents of a Meeting Ground
(inherited from Place)

RETURN
(A polymorphism of
Idempotent
Relationship, a kind of
Structure; included in the
Metamodel of Knowledge, as
shown in Figure 2.5)

To go back to the same place;
the last leg of an idempotent
composition

Return from a trip
Return of a borrowed item
Reversion to a rank or level in
a hierarchy

Place or position returned from
Place or position returned to

RETURN EVENT
(A polymorphism of Resource
Transfer, a kind of Task, and
Return, which is a kind of
Structure; the event has no
information on what it is
returning, or the equivalence of
places being returned to or
resources being returned)

An event that takes back
to a place.

A return trip, the leg of a
journey that returns an
individual to his or her
starting point
The event or process that
restores a borrowed item
to its owner
The process that reverts an
individual to a rank or level he
or she held previously in an
organizational hierarchy

Place or position returned from
(inherited from Return)
Place or position returned to
(inherited from Return)
Start Time (inherited from
Event via Task)
End Time (inherited from
Task)
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Table 2.1 (Continued)

THEME
(OBJECT) DEFINITION

TYPICAL
POLYMORPHISMS TOKEN FEATURES

REVERSAL
(Polymorphism of Return
Event)

A return to a condition
deemed equivalent to its
former condition

The event or process that
restores a borrowed item or
an item of equal value to its
owner
The process that reverts an
individual to a rank or level
equivalent to one he or she
held
previously in an
organizational
hierarchy

Substituted item(s); (Could be
an aggregation)
Substitute item(s); (Could be
an aggregation)
Place or position returned from
(inherited from Return Event)
The place that is its equivalent
(the equivalent could also be
the same place)
Place or position returned to
(inherited from Return Event)
The place that is its equivalent
(the equivalent could also be
the same place)
Start Time (inherited from
Event via Task) End Time
(inherited from Task)

RESOURCE RETURN TASK
(A polymorphism of Reversal,
in which no substitutions are
permitted)

To take back a resource
from which it came

Return of a person from a
business trip to the exact point
the journey from which it
started
Return of a borrowed book to
the library from which it was
borrowed
Reversion of an individual to
the same rank or level he or
she had held previously in a
hierarchy

Place or position returned from
(inherited from Return); substi-
tutions barred
Place or position returned to
(inherited from Return);
substitutions barred
Resources being returned (e.g.,
Book, Person); substitutions
barred

NEGOTIATION
(A polymorphism of
Agreement and
Information Exchange, a kind
of Resource Exchange in which
the item exchanged is pure
information)

A meeting in which attempts
are made to reach an agree-
ment through discussion
and/or compromise

Negotiating a sale
Negotiating the
settlement of a conflict
Negotiating a collaboration

Start Time (inherited from
Event)
End Time (inherited from
Task)
Negotiating Parties (inherited
from Meeting)
Purpose of Negotiation
(Proposed) Terms and
Conditions (Inherited from
Agreement)

RENEGOTIATION
(A polymorphism of
Negotiation)

A negotiation that
references a prior
negotiation and its terms and
conditions

Renegotiating the terms of
collaboration

Prior Negotiation
Terms and Conditions under
renegotiation

MEETING
(A kind of Event)

A gathering of two or more
people or
organizations for a time period

A Christmas party
A conference
A joint product design event
An interview

Start Time (inherited from
Event)
Person/Organizations meeting
(must be at least two, may be
more)

EVENT Something that takes place in a
time slot; a significant occur-
rence in a time slot or a
moment in time; a
happening in a time slot

Phone call
Accident
Payment
Customer Order

Start time
End time (optional)
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Table 2.1 (Continued)

THEME
(OBJECT) DEFINITION

TYPICAL
POLYMORPHISMS TOKEN FEATURES

PROJECT, TASK
(Subtype of two
parents: Event and Path)

A clearly defined piece of work
that consumes or references
resources to create or alter
resources or their
relationships; usually the
responsibility of a person or
organization

Project
Litigation
Negotiation
Service Call

Responsibility
Resources
Cost

CALENDAR
(A sequential
composition of Events; also a
polymorphism of Event)

A sequence of time slots Gregorian Calendar
Jewish Calendar
Meeting calendar
Holiday schedule
Production schedule

Start time (inherited from
Event)
Time slots

RESOURCE CALENDAR
(Subtype of Calendar)

A set of relationships between
event(s) and resource(s)

Maintenance schedule
Financial calendar
Meeting calendar,
holiday schedule
Production schedule

Capacity booked
Capacity left
Capacity used

DOCUMENT A collection of
information formatted in a
medium

Form
Letter
Recording
Check

Medium
Language

MEDIUM A class of places that imposes
constraints on formativeness
or format

The electromagnetic spectrum
Paper
Air

Formatting Rules
Permitted Formats
Impermissible Formats

AGREEMENT
(A subtype of Meeting)

An arrangement that is negoti-
ated or accepted by two or
more parties to a meeting

A sale
Insurance policy
Warranty
Marriage

Terms and Conditions
Parties
State (Potential, Planned, Being
Negotiated, Affirmed, Bound,
and so forth)

AFFIRMATION
(A subtype and state of
Negotiation)

An event that asserts the
concurrence of the parties
in a Negotiation to the terms
under discussion

An exchange in which the
parties to the sale concur
on its terms and conditions

Start Time (inherited from
Event)
End Time (inherited from
Task)
Terms and Conditions
concurred upon (a subset and
select state of all terms and
conditions being negotiated;
Terms and Conditions are
inherited from Agreement via
Negotiation)

RETRACTION
(A polymorphism of
Negotiation and Reversion;
see Box 30)

The reversion of an
affirmation or proposal

Retraction of intent to
buy a home

Proposed terms and conditions
retracted

CONFIRMATION
(A subtype of Affirmation; a
state)

An event that binds parties to
the terms of an agreement

A sale event Parties bound
Terms of conditions they are
bound to within the agreement

REVOCATION
(A polymorphism of
Retraction)

An event that reverts a
confirmed agreement to an
unconfirmed state

Revocation of a treaty
between nations

The confirmed agreement
being revoked
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Table 2.1 (Continued)

THEME
(OBJECT) DEFINITION

TYPICAL
POLYMORPHISMS TOKEN FEATURES

TRANSFER OF POSSESSION
(A subtype of Negotiation—a
task. A transfer of possession
may be under negotiation, a
successful negotiation such as a
confirmed/affirmed agreement,
or even a failed negotiation
that did not end in agreement.)

An agreement or
negotiation to transfer
ownership, or permit use
of a product (including
services)

Sale
Lease
Rental
Gifting

Price
Start Time (Inherited from
Event)
End Time (Inherited from
Task. The duration of the
event is often negligible; Start
Time and End Time might
coincide and be subsumed by
Time of Occurrence; both Start
Time and End Time are
polymorphisms of Time of
Occurrence.) Terms and
Conditions (Inherited from
Negotiation)

LEGAL AGREEMENT
(Subtype of Agreement)

An arrangement that is
recognized by law

Credit card agreement Covering law

PLACE An object that
contains, locates, or conveys
information, energy, events,
material objects, organizations,
or people
Contiguous or disconnected
location(s) where information,
energy, events or physical
objects, organizations, or
people may be found

Internet bulletin board
Part of electromagnetic
spectrum
Country, city, zone
Contour
Ports of call
State Space
Pattern

Coordinates
Web URL (Universal Resource
Locator or Web page address)
Address
Contents

PHYSICAL PLACE
(Subtype of Place)

Contiguous (or
disconnected) location(s)
within boundaries or points in
physical space, where physical
objects or energy may be
located

Continent
Location of a bridge
Ports of call
The surface of a ball
The floor space inside a room
Interplanetary or
interstellar space

Physical Area
Perimeter
Physical Length
Volume
Zoning
Time zone
Zip code
Surface area
Latitude (for Geographical
Place only)
Longitude (for
Geographical Place only)
CPFR’s Global
Location Number (GLN),
described under “Supply and
Demand Chains,” on our Web
site
CPFR’s Duns plus 4 code

VIRTUAL PLACE
(Subtype of Place)

A nonphysical object that
contains information

Web page
Frequency spectrum

Contents (only
information, formatted or not)
Location

ADDRESS
(Subtype of Format and
Location)

Formatted information for
locating a place.

Mailing Label
Telephone Directory Address
Postal address, e-mail address
Grid locations on a map

Location (inherited from
Locate)
Line number
Text, style
Language
Map coordinates
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Table 2.1 (Continued)

THEME
(OBJECT) DEFINITION

TYPICAL
POLYMORPHISMS TOKEN FEATURES

FORMAT
(Polymorphism of Proxy; a
symbol that is a proxy for
Information)

A symbol that may be sensed Printed letters
Sound
An image
Odor
Tactile symbols like Braille
codes

Form or shape of the symbol
Physical or relative location of
the symbol
Composition of the symbol

RESOURCE
(Role of Information,
Document, Physical Object,
Place, Person, Organization,
Event, Fund [or their
interrelationships and
aggregations])

Real world objects or concepts
that may be altered, consumed,
referenced, or created by tasks
or processes

Work product
Byproduct
Node
Consumable
Catalyst
Facilitator

Description
Relationship with Task or
Place in a structure

RESOURCE OWNERSHIP
(Relationship between an asset
and the Person/Organization
who owns it)

The fact of owning a resource
as a property

Property ownership
Ownership of a baseball team
Ownership of a television
show
Ownership of a right, such as a
copyright or patent

Owning Person/
Organization (Asset Owner)
Owned Asset
Proportion Owned

FEATURE An object property or
constraint

Product feature
Insurance coverage/exclusion
offerings
Telecommunication USOC
codes
Equipment capabilities

Color
Capacity
Speed
Boundary

FEATURE GROUP A set of features Set of services that go with a
purchased
product

Features in the group
Relationship with requirements
Relationship with goals
Relationship with Product
Market

STRUCTURE A set of associations Topology of a
telecommunications network
Topology of a trestle
Topology of a trellis
Topology of linkages between
Web pages

Linked Objects
Capacity of Link between
objects

NODE
(Polymorphism of Resource)

A resource associated with
itself, or another resource in a
structure

LAN node
Telephone switch
Place on Travel
Itinerary
Start or end of task in project
Position in organizational
chart
Account in chart of accounts

Associated Node
Capacity

NETWORK
(Subtype of two
parents: Structure and Node

An association of resources A telecommunications network
A trellis
A set of linked documents or
Web pages
A network of people who
exchange information
A network of roads, linking
geographical places and
facilities

Capacity
Footprint
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Table 2.1 (Continued)

THEME
(OBJECT) DEFINITION

TYPICAL
POLYMORPHISMS TOKEN FEATURES

TREE STRUCTURE
(Subtype of Structure)

A branching topology without
closed loops, which may be
traversed in at least one
direction without converging
on the same node along two
different associations, and has
at least one node that cannot
be traversed forward
[termination node(s)], and at
least one other that cannot be
traversed backwards [starting
node(s)]

A hub with spokes
The topology of a
hierarchical
communications
network

Position in a hierarchy

PATH
(Subtype of Structure)

The continuous series of
positions that are assumed in
any motion or progression

Directional topology of a
flight plan

Predecessor node
Successor node
Direction
Directional capacity

ACYCLIC PATH
(Subtype of Path)

A path without loops; a path
that cannot loop back to a
node if it is always traversed in
one direction; a path in which
any given node may be
traversed at most once when
the path is negotiated in a
single direction (although the
path may converge on the
same node along two or more
different associations)

The directional
topology of a network of
rivers and tributaries, possibly
flowing around islands
A radio broadcast
The topology of a one-way
communications
network of repeater stations
The directional topology of a
supply chain that forbids
return of goods

Longest distance from a start-
ing node in terms of the largest
possible number of nodes that
must be traversed to reach it
Longest distance to an ending
node in terms of the largest
possible number of nodes that
must be traversed to reach it

PATH TREE
(Subtype of Path and Tree
Structure)

A directional Tree Structure Organizational
Hierarchy
Reporting Structure in which
an individual must report to
only one other

Level number
Subordinate Roles
Supervisor

ORGANIZATIONAL
STRUCTURE
(An inclusion
polymorphism of Path Tree)

A path tree in which the nodes
are people or organizations

Management hierarchy
Hierarchy of
supervisory roles

Level in organizational
hierarchy

ROUTE
(A subtype of two
parents: Path and Node)

A sequence of points visited A network of rivers and
tributaries, possibly flowing
around islands
Travel Itinerary
Routing of materials in the
standard operating procedure
for manufacturing an item
Route plan
Supply Chain

Sequence number
Resource ID

MEDIATOR
(A polymorphism of Node)

A resource that connects
resources in a Structure

Reseller
Router in a network
Power distributor

Connected Nodes
Terms of Mediation
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Table 2.1 (Continued)

THEME
(OBJECT) DEFINITION

TYPICAL
POLYMORPHISMS TOKEN FEATURES

PROXY
(A polymorphism of
Mediator)

A resource that represents
another resource in a structure

Agent
Distributor
Format
Encrypted message
A map
Floor plan
A photograph
A scale model

Item Represented (inherited
from Mediator)
Terms of representation
(constraints, scale, and so
forth; polymorphism of Terms
of Mediation)
Resource represented to
(inherited from Mediator)

INTERMEDIARY
(An inclusion
polymorphism of Mediator)

A person or organization in
the role of a mediator between
other people or organizations

Value Added Reseller Persons or organizations
mediated

REPRESENTATIVE
(An inclusion
polymorphism of Proxy)

A person or organization in
the role of a proxy

Person/Organization with the
Power of Attorney for another
Spokesperson
Congressman

Resource represented
(inherited from Proxy)
Context of representation
(Polymorphism of Terms of
Representation)

ASSET
(Role of Information,
Document, Physical Object
[Construction, Equipment,
and so forth], Organization,
Event [Agreements, Projects,
and so forth], Place [land,
electromagnetic frequencies,
and so forth], Fund)

A tangible or intangible item of
value owned by a person or
organization; an owned
resource

Construction
Network Element
Facility
Right
Product
Accounts Receivable

Ownership
Proportion of
ownership
Type of ownership
Value

BUSINESS PRODUCT
(Subtype of Asset)

Assets positioned in markets
to define the corporation’s
business;
those assets that will be sold,
rented, or offered in the
normal course of business
to generate income

Product—Service Offering
Service
Planned product
Withdrawn product

List Price
Purpose
Market positioning (Intended
Product-Market)

BUSINESS PRODUCT
OWNERSHIP
(An inclusion
polymorphism of Resource
Ownership)

The fact of ownership of a
right, resource, service, or
product positioned for sale
lease, lending, or use in the
marketplace, in order to trade
it for other resources

Joint ownership of a property
meant for sale
Ownership of Shares

Owner
Owned Product

GOAL/PURPOSE
(Polymorphism of
Information)

An intention, an aim or
objective

The objective of a
business plan
The intended
destination of a journey

The objects (such as a person,
organization, or process) that
have the goal

COLLABORATION A set of mutually
supportive goals

A supply chain
Intermediate work products
used to produce a final product
that meets a goal
The set of processes that are
intermediate steps in meeting a
goal or satisfying a need

Membership of the
collaborative aggregation

CONFLICT A set of mutually exclusive
goals

Competition
War
A case in a court of law

Conflicting goals or processes
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Table 2.1 (Continued)

THEME
(OBJECT) DEFINITION

TYPICAL
POLYMORPHISMS TOKEN FEATURES

STRATEGIC
AGGREGATION OF GOALS

An aggregation of
conflicting and
collaborating goals

A set of competitive targets,
along with the goal of
collaborating with a
competitor to promote
common interests of the
industry

Goals in the aggregation, and
the fact of their mutual
support or mutual exclusion

COLLABORATOR
(A role of a person or
organization relative to
another person or
rganization)

Persons or
organizations assigned
mutually supportive objectives

Owners of processes in a
supply chain

Membership of a collaboration

COMPETITOR
(A role of a person or
organization relative to
another person or
organization)

Persons or
organizations assigned
mutually exclusive,
competing objectives

Opponent
Rival

Participation in competition
Person/Organizations who are
competitors

STRATEGIC PERSON/
ORGANIZATION
(A role of a person or organi-
zation relative to another per-
son or organization)

Persons or organizations
assigned mutually exclusive
and mutually supportive
objectives

A person or organization
in a strategic relationship
that includes both competitive
and collaborative goals

Other members of the strategic
relationship
Their interests and goals

SUPPLIER/VENDOR
(A polymorphism of
Person/Organization)

A person or organization that
owns a right or resource and is
a potential or actual conceder
of ownership in an actual or
potential transfer of possession
event

Supplier of components for
the manufacture of a car
Real Estate developer
Car distributor
Internet Services
Provider
Temp Agency

Resource owned
The vendor’s business products

EMPLOYEE
(A polymorphism of Supplier
and Person)

A person bound to an
organization by an
employment agreement to
furnish personal time to the
employing organization

Manager of a
department
Sales representative

Salary
Frequency of payment
Work Hours

CUSTOMER
(A polymorphism of
Person/Organization)

A person or
organization that is the trans-
feree of an actual or potential
Transfer of Possession Event

Shopper
Person or organization that
buys resources from another
in order to manufacture its
products
A client

The relationship to the
potential or actual transfer of
possession event that casts a
person or organization in the
role of a customer
Requirements

EMPLOYER
(A polymorphism of
Customer)

A person or organization that
hires an Employee

A corporation
Government

The employment
relationship with one or more
employees

ISSUE
(A polymorphism of
Information)

A subject of concern;
information related to the
achievement of one or more
goals

Nonavailability of
requirements for a project
Shortage or excessive resources
Lack of coordination
Delays in schedule
Deviation from plan

Goals involved
Priority
States

Open
Closed resolved
Unresolved
Irresolvable
Reopened

2.1 Universal Perspective, Universal Pattern 153



Table 2.1 (Continued)

THEME
(OBJECT) DEFINITION

TYPICAL
POLYMORPHISMS TOKEN FEATURES

RISK
(A polymorphism of Issue)

A hazard Risk of loss
Risk of fire
Risk of unforeseen exceptions

Goal involved
Probability

REQUIREMENT
(A polymorphism of Issue)

An articulated need Market need Level of satisfaction
Validity (inherited
from Information)
Accuracy (inherited
from Information)
Reliability (inherited from
information)
Priority (inherited from Issue)

GUIDELINE
(Polymorphism of Issue)

A course or method of action
based on
specified conditions to guide or
determine decisions

Regulation
Supplier Guidelines
Underwriting
Guidelines
Policy
Instructions

Authority
Purpose or goal
State indicators:

Proposed
Planned
Filed
Approved
Rejected
Endorsed
Unendorsed

Violated (normalized by the
relationship between an Event
and the Guideline)

TERMS AND CONDITIONS
(Subtype of Guideline)

A guideline associated with a
Negotiation or Agreement that
establishes and (potentially or
actually) binds a party to a set
of constraints on resources and
their relationships

Right
Terms and Conditions
of Sale Terms and Conditions
of Use Terms and Conditions
of Employment
Credit card terms and condi-
tions Insurance terms and
conditions
Settlement terms and
conditions
Order terms and conditions

Relationship with one or more
Resources, Parties and
Negotiations, or
Agreements

REGULATION
(Subtype of Guideline)

A mandatory rule Stock Trading
Regulation
Mandatory
instructions

State indicators:
Enforced
Unenforced

QUALIFICATION
(Subtype of
Information)

Information that
provides the basis for
confidence or belief

Skill
Experience
Permission

Relationship with
qualified resource

SKILL
(Subtype of
Qualification)

Qualification of a
person that provides the basis
for confidence or belief for
executing a task

Languages known
Technical ability

Relationship with
Person/Organization and task
type

CREDENTIAL
(Subtype of
Qualification)

Qualification issued by a
person or organization that is
the basis of entitlement to
rights or privileges or the basis
for confidence, belief, or credit

Degree
License
Certification
Authentication
Permit

Permission
Expiry date/time
Exceptions,
Exemptions and
Limitations
Issuing Authority
Owner or certified
resource
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THEME
(OBJECT) DEFINITION

TYPICAL
POLYMORPHISMS TOKEN FEATURES

MARKET
(A Borel Object defined on
the transfer of Possession
relationship)

A class of Marketplaces which
may or may not consider
business products as a
classification parameter

The Generation-X market
Baby boomers market
Health care market
Stock market
Futures market
Auction
Residential Real Estate
Market on the West
Coast
The mainland China market

Characteristics of objects
involved in the transfer of
possession event

PRODUCT MARKET
(Polymorphism of
Market)

A market that includes
characteristics of
products and services traded
in it

Market for soap among
teenagers
Market for
pharmaceutical
products
Market for two-wheeled vehi-
cles in China

Characteristics of products
exchanged in the market

MARKETPLACE
(A polymorphism of Meeting
Ground)

An actual or potential meeting
ground where Transfer of
Possession agreements may
occur

A 7-11 store
Auction Web site
Telemarketing call
A mall
The stock exchange

Classes of buyers, sellers, and
business products traded

MARKET SEGMENT
(A Borel Object defined on
product
transfer/usage
agreement)

A category of actual or poten-
tial product
transfer/usage
agreements

Line of Business
Class of potential
Customers
Class of products
A geographical
footprint
Class of customers, for a class
of products in a geographical
footprint

Potential value
Profitability
Boundaries or limits on values
or ranges of parameters of the
market that define the market
segment

MARKET NEED
(Subtype of
Information)

Intelligence about requirements
of a market segment

Preferences
Product use

Relationship between issues,
problems, and requirements
Preferred features
States of Market Need

Satisfied
Unsatisfied

PAYMENT
(Subtype of Event)

Actual or potential transfer of
money from one fund to
another

Incoming
Outgoing payment

Amount
Currency
Payer
Payee

PAYMENT INSTRUMENT
(Subtype of Asset)

An asset that is
actually or potentially
transferred to make payment

Funds
Property

Value

PLAN
(A subtype of Goal)

An intended state with or
without intended processes and
state transitions to achieve the
goal

Delivery Schedule
Strategic Plan
Sales targets
Estimated production
Maintenance schedule

A planned state
State transitions from current
to planned state
Processes with or
without the process map to
achieve the goal
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The Universal Perspective is a polymorphism of the Metamodel of Knowledge.
The meanings in Table 1 are all derived from components of that Metamodel. The
Metamodel of Knowledge [337] is configured from broader, more generic meanings
than the Universal (Business) Perspective; hence, its components are used more fre-
quently than the objects and patterns in this chapter. Box 30 summarizes select
components in the Metamodel of Knowledge, and provides references to where
each is described in [337]. The polymorphisms and components in Box 30 are
abstract and not always intuitive. We advise those who would like more clarity, or
are uncomfortable with the assertions in Box 30, to read [337].

The focus of Table 2.1 and this section was on polymorphisms of the fundamen-
tal object. It let us peel back and normalize meanings layer by layer. Polymorphisms
are created by the subtyping relationship. Next, we will focus on the interactions that
these polymorphisms normalize. The key to normalizing the behavior of objects and
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Table 2.1 (Continued)

THEME
(OBJECT) DEFINITION

TYPICAL
POLYMORPHISMS TOKEN FEATURES

BASELINE
(A subtype of Resource)

A reference state that is used
as a basis for comparison

The first agreed-upon project
plan
Standard
Reference item

Baseline status for a resource
Items it is a baseline for

TRACKING PROCESS
(A polymorphism of Process)

A process in which the state of
one object is compared with
the states of others

Deviation from flight plan Quantum of difference
between Baseline and state(s)
of tracked object(s)

ELABORATION
(A polymorphism of the
subtyping relationship)

Furnishing of detail about an
object or meaning previously
described in less detail

Description of the meaning of
a word
Explanation

Elaborated item

INTERPRETATION
(A polymorphism of Location
of information)

An ascription of a
particular meaning

Interpretation of a law
Interpretation of a meaning in
a context (for example, “time
flies” might mean that time
moves swiftly, or that flies
must be timed in some activity

performed by them)

Context of interpretation

GENERALIZATION
(A polymorphism of
Interpretation)

The common aspect shared
across several specific aspects

Generalization of a solution to
address several classes of
problems
Generic concept
A class of products

Classes subsumed
Exhaustivity
Exceptions

SPECIALIZATION
(A polymorphism of
Interpretation and the inverse
of Generalization)

An adaptation of a broader
concept to a particular niche

Customizing a service to fit
the needs of a specific cus-
tomer

Nonstandard components or
custom patterns not shared
with other members of the
class

CHANGING PERSPECTIVE
(Polymorphism of
Interpretation)

Mapping meanings from one
Perspective to another

Incoming Payment to
Outgoing Payment
Owner to Person/
Organization
Invoice to Payment,
Document, and
Information

Object correspondence
Accuracy (inherited from
Information)
Validity (inherited from
Information)
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Box 30: Selected Components from the Metamodel
of Knowledge in [337]

(References in this box are to chapters, sections, and figures in [337], unless a
different context is specifically mentioned.)

• Pattern (Chapter 4, Section 1). This is the root of the Metamodel of Knowl-
edge. All its components are polymorphisms of Pattern. An object instance is
also a kind of pattern—a meaningful pattern, as described in Module 6 and
Figure 31 on our Web site.

• Essence (of a pattern) is the information that gives the pattern its identity and
distinguishes it from other similar patterns. It is closely tied to the freedom the
pattern has to be that pattern. The meaning of “essential” is derived from
“essence,” and the meaning of “freedom” is derived from the degrees of free-
dom of a pattern, as described in Chapter 4, Section 1, under Pattern.

• Meaning: Meanings are polymorphism Patterns (Chapter 4, Section 1).
They are patterns of abstract information. Meanings include the meaning of a
rule, as opposed to its expression, as described in Box 33, and ModuleChapter
6, Figure 117, on our Web site. Indeed, this is the inchoate universal object.
Polymorphisms of Meaning carve object instances and object classes from the
primal meta-object, as described in Module 5, Section 4, and Module 6, Sec-
tions 1 and 2, on our Web site.

• Meta-object: A generic and inchoate instance of an object. All objects are sub-
types of this primal object.

• Name, and its subtypes, Synonym, Homonym, Alias, and Concept ID.
• Object Class: A subtype of an aggregate object. A list is also a different sub-

type of an aggregate object in this partition.
• Object Partition: A criterion for dividing an object class into mutually exclu-

sive subtypes. A partition may be exhaustive (i.e., the subtypes in the partition
collectively cover all possible members of the partitioned class), or
inexhaustive (i.e., the subtypes do not cover all possible members of the
partitioned class). See Chapter 2, Section 3, Object Partitions and Role
Modeling.

• Object Instance (Chapter 2, Section 1).
• Object Property: Attributes, relationships, effects of events, and constraints

associated with the object (see Box 10). It is also described formally in Module
6, Section 2; see Figure 117 on our Web site.

• Value encapsulates the concept of existence and measurability. It may convey
distinctness, an ordered sequence, a magnitude, the absence of magnitude (the
Nil Value), Infinite magnitude, the absence of meaning (the Null Value), the
concept of “All,” “any,” and “Unknown.” See Chapter 2, Section 3, and
Chapter 4, Section 3, of [337]; also see our Web site.

• Number: Number is an expression of Quantitative Value, and therefore a
subtype of both Expression and Quantitative Value (see Chapter 4, Section 2).
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Note also that Format is a kind of expression of Value in symbolic
form (see Chapter 4, Section 1). This makes Format a subtype with
two parents, Value and Symbol. The relationship Expression of
/Express is a polymorphism of the subtyping relationship, as described in
Module 5, Section 4, on our Web site.

• Attribute: A kind of object property that is also a subtype of Domain. It is a
relationship between an object class and a subtype of a domain that consists
of a single value at any given time; see Module 3, Section 2.

• Aggregate object: A collection (see Module 5, Section 2, on our Web site). A
composition is a structured aggregate. See Box 10 of this book.

• Relationship is an interaction. It is a polymorphism of a List, which in turn is
a polymorphism of Aggregate Object. See Module 5, Section 4, and Figures
31 and 116, on our Web site.

• Transitive relationship: When one set of relationships implies another, the
implied relationship is transitive with respect to the others (see Box 10 of this
book). In a transitive triad of relationships, any two relationships in the triad
imply the third. See Module 5, Sections 1 and 3, on our Web site.

• Intransitive relationship: When a composition of relationships disallows the
existence of another relationship. See Module 5, Section 1.

• Subtyping relationship (a kind of relationship). See Incorporation in this box.
• Polymorphism (synonym for subtype). See Box 21; Chapter 3, Section 2;

Chapter 4, Section 3; Module 5, Section 4, on our Web site; and Module 6.
• Subtype and Supertype, both subtypes of Object Class (in the same, exhaus-

tive partition).
• Idempotent relationship: See Box 10 of this book.
• Recursive relationship: See Box 10 of this book.
• Location, containment, part of: See Box 12 of this book.
• Event: A time interval, which is introduced in Chapter 1, Section 2, and

described in more detail in Module 5, Section 3, on our Web site.
• Process (a subtype of two parents—event and relationship). See Module 5,

Section 3, and Processes, Events and Temporal Relationships, on our Web
site. Processes use resources to produce products (see Box 10 of this book).
Process inherits the features of Relationship and Event, such as the cycle time.
Combined with temporal information from Event, the features inherited from
Relationship acquire new characteristics: temporal succession; productivity;
reversibility; temporal mutability (the time dependence of mutability between
objects); temporal order (how far back into history a process reaches to
articulate rules about a change of state at present); temporal degree (repeat-
ability and concurrency); and, for idempotent relationships, the number of
times a process loops back to the same product, or reuses the same resource;
and so forth. A Reporting Process changes the state of an object from
Unknown to a known value. An Inquiry changes the state of an object from
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Unknown to Observed. It may or may not change other features that
constitute the overall state of the object.

• Effect is a kind (subtype) of process that changes the state of a single
object. It is not always a business process, but effects always map directly to
computer systems processes. See Chapter 2, Section 2, under Events, Effects,
and Actions, and Module 5, Section 3, under “Transforming Business Processes
into Effects of Events,” in “Crossing the Chasm,” on our Web site. See also Fig-
ure 109. An effect is also a subtype of Object Property in the same partition as
Attribute.

• Saga: A process with no definite end, which is also a supertype of a process with
a definite end. An endless saga is a polymorphism of Saga, in which it is
definitely known that the process will not end. An Endless Saga is also a
polymorphism of Saga. See Module 5, Sections 3 and 4; and Figure 116, on our
Web site.

• Perspective is a classification scheme. It is expressed in a network of objects and
relationships. It is also a Composition. See Chapter 5, Section 1, under
Compositions of Relationships on our Web site. Compositions are also
subtypes of relationships. A Composition is also a synonym for Expression.
Therefore, Perspective is the same as Composition, which is a subtype of
Relationship. See Module 5, Sections 1 and 4, and Module 6, Section 2, on our
Web site.

• Universal Perspective is a subtype of Perspective.
• State, State Space, Trajectory in State Space and Set of Possible Trajectories in

State Space, all subtypes of Aggregate Object. The last two are also Composi-
tions. A composition is a subtype of aggregate object. See Module 5, Section 2
on our Web site. Thus, Trajectory in State Space and Set of Possible Trajectories
in State Space are actually subtypes of Composition, and therefore a subtype of
Aggregate Object, once removed.

• (Generic) Constraint: A generic Constraint is a generalized Meaning, synony-
mous with Object Property. See Module 6 on our Web site. Rule Constraint and
Value Constraint (see Chapter 3, Section 3.2) are special subtypes of this generic
constraint.

• Domain: A domain is a class of values, as introduced in Chapter 1, Section
3.2, and detailed in Chapter 4, Section 3. The class may contain finite or infi-
nite numbers of distinct values and lends its members a common meaning,
such as “length.” The meaning of Qualitative measurement is encapsulated in
nominal and ordinal domains. Nominal domains only distinguish between
values, and Ordinal domains add information on sequences. The meaning of
Quantitative measurement is encapsulated in difference and ratio scaled
domains. Difference scaled domains add information on magnitudes, and
Ratio scaled domains add information on ratios, and adds the concept of nil
magnitude. The Metamodel of Knowledge infers that quantitative values
must be expressed in units of measure, of which it may have several. See
Chapter 4, Section 2.
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Domains are arranged in a subtyping hierarchy shown in Figures
67 and 68 on our Web site. The most elementary business and physi-
cal meanings start with Primary domains: Enumeration (ratio
scaled), Mass (ratio scaled), Physical separation (ratio scaled), Date/Time
Lapse (difference scaled—includes date and time of occurrence), Electric
Charge (ratio scaled), Overall Information Content (ratio scaled), and Prefer-
ence (ordinal). Secondary domains are derived from primary domains as
polymorphisms, or from relationships between domains. A few frequently
used secondary domains discussed in [337] are Domains of Information
Quality (Validity, that we are measuring the right thing; Reliability, that the
measurement is always consistent; Completeness and Accuracy, that the
measurement is unbiased); Economic Value Added (Ratio-scaled polymor-
phism of Preference); various domains of proportions; various domains of
change/growth; and Gender. The cardinality of a domain is a measure of its
size, which might be infinite. A dense domain has an infinite number of val-
ues between any ordered pair of values (e.g., a difference scaled domain like
temperature, or a ratio scaled domain like mass).

• Precision (Chapter 4, Section 1) is a synonym for Accuracy, and
Exhaustiveness is a synonym for Completeness. Note that less precise and less
complete patterns convey less information than their more precise or more
complete counterparts. Therefore, the more precise or more complete pattern
is a subtype of its less precise or less complete counterpart.

• Format (introduced in Chapter 1, Section 3.2, and detailed in Chapter 4,
Section 1).

• Unit of Measure (introduced in Chapter 1, Section 3.2, and detailed in Chap-
ter 4, Section 2).

• Purpose or goal (see Module 5, Section 3, on our Web site).
• Resource (see Module 5, Section 3, on our Web site).
• Product (see Module 5, Section 3, on our Web site).
• Feature: Any property of an object, such as an attribute, relationship, effect,

or constraint. See object Property, Box 10, on our Web site. Module 5, Section
3, and Module 6, Section 3, on our Web site, expand on the description of
Feature/Object property in Box 10 and Figure 32.

• Process Owner. Various kinds (subtypes) are described in Module 5, Section
3, and Process Ownership  on our Web site. See also Box 10 of this book.

• Cardinality (the “size” of a class). See Enumeration Domain, in Chapter 4,
Section 3. Cardinality is a supertype of Enumeration.

• Capacity: A kind of cardinality constraint. See Chapter 5, Section 1, and Box
10 of this book.

• Size: A polymorphism of Capacity. See Module 5, Section 4, on our Web site,
and Box 10 of this book.

• Resource Life: A temporal polymorphism of Capacity. When time is added to
the meaning of capacity, the capacity to engage with objects will change over
time. When the capacity decreases, we might conceive of an “unknown”
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process that has engaged the capacity of an object. The “unknown”
process starts “consuming” it, or diminishing its capacity for engage-
ment. If the decline is precipitous at a particular point in time after
the resource is created, that interval may be considered the life of the object.
Resource Consumption is a polymorphism of Resource Life, in which the
capacity of a resource to engage is diminished over time by a known process.
If a process changes the state of a resource, then it is considered consumed,
and the changed resource is a Product. It could be a work product, a waste
product, or a byproduct. See Module 5, Section 3, on our Web site.

• Cycle time: The time interval from the start to the end of a process. Cycle
time is a subtype of Event. See Module 5, Section 3, on our Web site.

• Moment: An event of nil duration in Module 5, Section 3, and hence a sub-
type of event. See Module 5, Section 4, on our Web site.

• Beginning and ending moments of an event (both are subtypes of Moment).
• Activity (and other) costs (Module 5, Section 3, on our Web site).
• Array (Chapter 4, Section 1).
• Borel Object: A generalization of the concept of Array, useful for categoriza-

tion and segmentation of objects and state spaces, such as a power set of val-
ues, or an infinitely large power set of ranges. See Module 5, Section 1 on our
Web site.

• View (see Chapter 2, Section 5).
• Symbols (see Module 5, Section 1, on our Web site).
• Language (see Chapter 4, Section 1).
• Proximity Metric: Measures of similarity. May also be a measure of distance.

See Chapter 4, Section 1. See also the note on generalizing the concept of dis-
tance in this book.

• Tracking Process: A process obtained by infusing temporal information into
the proximity metric. It is a polymorphism of the proximity metric and
Event.

• Extent (see Chapter 4, Section 1).
• (Degree of) Freedom (see Chapter 4, Section 1).
• Inclusion and Exclusion sets (mutually exclusive subtypes of Partition). See

Figure 39 under “Constraints on Nominal Attributes,” on our Web site).
• Value Sets: A collection of values at a point in time (Figure 40, Chapter 3,

Section 2).
• Bounds (see Chapter 3, Section 2).
• Ranges: Ranges are subtypes of twin parents—Sequenced Pattern and Value

Set. See Chapter 3, Section 2.
• Delimiters (see Chapter 4, Section 1).
• The expression of a rule (see Box 33 and Figure 117, on our Web site). A

meaning may have many expressions. Each expression is a perspective of that
meaning. Therefore, Expression and Perspective are identical. Expression is
the result of Express (Expression of and Express are synonyms; their inverse

30



162 The Universal Perspective: Scope of Business

is Expressed By).190 Express is a polymorphism of the subtyping rela-
tionship (as is “instance of”). See Module 5, Section 4, on our Web
site.

• Instance of: A different polymorphism of the subtyping relationship in the
same partition as Express. See Module 5, Section 4, on our Web site.

• Representation: A polymorphism of expression. See Chapter 4, Section 1.
• Temporal succession: Sequence in time; a supertype of Process and subtype

of relative location. See Module 5, Sections 2, 3, and 4, on our Web site.
• Rule Constraint: A rule that constrains a nominal, ordinal, or ratio scaled

Value; a kind of Constraint. See Chapter 3, Section 2.
• Assemble, a polymorphism of Process and the Part of relationship. See Mod-

ule 5, Section 4, on our Web site. Assemble emerged from a process that
made an item a part of an aggregate in step with the flow of time. Similarly,
disassembly cuts the relationship between an aggregate and its parts, so that
the part does not remain a part of the aggregate after disassembly has
occurred. Thus, Disassemble is also a process, but it is a polymorphism of the
Exclude relationship (near the top of Figure 116 on our Web site).
Polymorphisms of Disassemble will tell us how an aggregate is picked apart
(e.g., explosively, all at once, or in steps, or perhaps even one item at a time).

• Pick: A polymorphism of Process and the instance of relationship. See Chap-
ter 5, Section 4. Pick, the polymorphism, also may have subordinate
polymorphisms. For instance, one polymorphism may pick a single item out
of a collection or assembly of items, whereas another might pick a class of
similar items out of that collection of parts, and yet another polymorphism
could pick a batch of similar or dissimilar parts out of the collection.

• Consist of: The inverse of Part of and a subtype of Locate. See Module 5, Sec-
tions 2 and 4, and Figures 114 and 116 on our Web site.

• Incorporation: A subtype of Consist of, wherein the object loses its identity
as a member of a separate class of objects. It becomes a subtype.

• Composed of: A subtype of Consist of. See Module 5, Section 2. In Figure
116, on our Web site, its inverse has been labeled component of.

• List of: A subtype of Consist of. See Module 5, Section 4, and Figure 116 on
our Web site.

• Contain: A supertype of Consist of, and a subtype of Locate. See Module 5,
Sections 2 and 4, and Figures 114 and 116 on our Web site.

• Location (locate) and Origin. See Module 5, Sections 2 and 4, and Figures
114 and 116 on our Web site.

• Value Constraints: A kind (subtype) of Rule Constraint, in which specific
values are permitted or excluded. See Box 28 on our Web site, and Chapter 3,
Section 2.
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• Joint Constraints: When a value is constrained by an interaction
between multiple objects. Joint Constraint is a polymorphism of Value
Constraint. It is a relationship of a higher order, with more informa-
tion in its Rule Expression and meaning. See Chapter 3, Section 2.

• Magnitude Constraints: Restricts the magnitude of a difference or ratio scaled
value. Based on the principle of adding information, a magnitude constraint is
a polymorphism of Value Constraint. Joint Constraints and Magnitude Con-
straints are subtypes in different, independent partitions of Value Constraint,
so a constraint could simultaneously be both (see Chapter 3, Section 2).

• Truncation slices a pattern into a part. Truncate relates an object to its trunca-
tion. A truncated pattern conveys less information than the pattern that was
truncated. It is therefore a supertype of the original pattern, and the inverse of
Truncate is a polymorphism of the subtyping relationship (see Chapter 4,
Section 1).

• Transformation, Input, and Output Processes (subtypes of Process): Transfor-
mation processes use resources to create products. Input processes convey
resources to transformation processes, and output processes convey products
from transformation processes (see “Input and Output Processes” on our
Web site). They are all polymorphisms of Process, and every business process
consists of all three, input, transformation, and output process, assembled in
tandem (see Module 5, Section 3, on our Web site and Chapter 4, Section 3).

• Use: The defining relationship between a process and its resources. The input
process is a polymorphism of “Use”—Module 5, Sections 3 and 4. See also
Figure 2.16 of this book.

• Exception Process (polymorphism of Process): Processes triggered when con-
straints are violated. Exception processes are polymorphisms of Process in a
different partition from input and output processes. Thus, there may be excep-
tion processes for inputs, outputs, and transformations. See Module 5, Section
3, under the “Risk Management Transform” under “Crossing the Chasm” on
our Web site. The Web site also discusses exception management patterns in
that section.

• Supply Chains (polymorphisms of Process). See “Supply and Demand
Chains,” on our Web site.

• Mutability: Substitutability of one object by another (see Module 5, Section 1,
on our Web site).

• Symmetry (see Module 5, Section 1, on our Web site). Note that processes can-
not be symmetric; they incorporate information on the flow of time, which is
asymmetrical.

• Reversibility and Reversion (of processes). See Module 5, Section 3, on our
Web site. Reversion is a process that is the inverse of another process—it
restores the original states of all involved objects (i.e., undoes the effects of the
reversed process).
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effects of events is to normalize interactions between objects. These interactions flow
from relationships, and lead to even more polymorphisms of objects, based on the
relationships they have with other objects, or even recursively with themselves.
Therefore, we will turn next to patterns of objects and relationships.

Events have effects on objects. These effects cut, switch, stitch, and manipulate
relationships. Effects of events on objects are features of objects. They encapsulate
the temporal behavior of the object and are derived from business processes.191

Normalizing relationships with the right polymorphisms will not only normalize
features, but also the effects and the processes from which they flow. In other
words, it will normalize shared behavior. This shared behavior is a shared compo-
nent of business knowledge that seeps into business processes and information sys-
tems through polymorphisms, flowing through their structures, infusing them with
shared knowledge, and integrating and engaging via relationships. We will now
focus on these relationships that engage the universal polymorphisms we discussed,
and thus weave the Universal Perspective, a seminal pattern that lends itself to the
world of business, and in doing so, also lends it shared meaning. This is the purpose
of Section 2.1.2.

2.1.2 Stock Themes of Business—Relationships and Rules of Engagement

The purpose of polymorphism was to peel back, normalize, and sunder meanings.
The purpose of structure is to synthesize and engage meanings. Relationships
engage; they are the seeds from which processes and supply chains grow.192 The
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191. Effects may be directly translated into computer systems processes. Chapter 2, Section 2, in [337], discusses effects under Events,
Effects, and Actions; and Module 5, Section 3, on our Web site, discusses effects under “Transforming Business Processes into Effects of
Events.” See “Crossing the Chasm” on our Web site.

192. See Module 5, Section 3, on our Web site, for the topics: “Processes, Events and Temporal Relationships,” “Supply and Demand
Chains, and Input and Output Processes.”

• Efficiency and Productivity (of processes). See Module 5, Section 3,
on our Web site.

• Load balancing of processes. See Module 5, Section 3, on our Web
site.

• Observation, Inquiry and Reporting: Processes that are polymorphisms of
a generic “inquiry” process, which changes the state of the object que-
ried/observed to “queried/observed,” and may or may not change it in other
ways. See Module 5, Section 3, Box 54.

• Governance and nonstationarity (Applies to constraints, patterns and pro-
cesses). Nonstationarity is the property in which features and parameters
change over time; governance sets parameters and features. Governing
processes are processes that set parameters of processes. See Chapter 3, Sec-
tion 2; Chapter 4, Section 1; and Module 5, Section 3, on our Web site. Gov-
ernance processes often depend on tracking and exception processes to
govern, which is another commonly used theme in business.
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purpose of this section is to synthesize normalized meanings by engaging the univer-
sal polymorphisms of Section 2.1.1 into common patterns of business information.

The Universal Perspective is a vast network of interrelated generic concepts in a
web of relationships. It is impossible to grasp the complete pattern all at once. This
section is therefore divided into many parts. In each, we will analyze a cluster of
objects and relationships. These clusters are not isolated compositions. Each pattern
is a fragment of the Universal Perspective; they are partial views of a single grand
composition. Each figure in this section is a small window into the whole. The other
patterns are not missing. They are merely hidden from view to help us focus on one
aspect of the Universal Perspective at a time. In the following figures, subtypes are
often shown inside supertypes. The intent is to make the relationships between sub-
types and supertypes visually clear.

Before we analyze business meanings, values, and patterns of exchange and
excellence, we must analyze the basic concepts in which the physical world frames
business patterns. We will start with Physical Location.

Stock Themes—The Physical Location Cluster

Physical limitations on places in space and time are fundamental. Figure 2.11(a)
articulates polymorphisms of time as a place, and Figure 2.11(b) does the same for
physical place. Both figures articulate common sense, and that is perhaps why each
is replicated in countless systems and processes. Given an automated reasoning
repository of knowledge artifacts, each would be identified as a single rule, natu-
rally inherited, and implied in a myriad of models as needed.

Each location relationship in Figure 2.11 is inherited from, and implied by, the
location relationship in Figure 2.2. Each location is its polymorphism derived from
the irreducible fact that objects may locate other objects (see Box 12). When several
objects locate a single place, the relative locations must be mutually consistent if the
objects also locate each other (for instance, in a triangulation; see the endnote on
generalized distance). This is automatically implied by the transitivity of Locate, and
a sophisticated repository would validate consistency of location, and raise excep-
tions where necessary. If it is known that the accuracy, validity, or reliability of one
of these clashing locate relationships is better than the others, then the repository
might even automatically override relationships of doubtful (information) quality.
See information quality in Box 30; details are in Chapter 4, Section 3, in [337].

Each location relationship is symmetrical, but implies the potential existence of
many asymmetrical polymorphisms in Box 12, such as being contained in, being a
part of, or being a subtype of the other. Moreover, Event will have additional
polymorphisms of temporal location, such as succession, timings and several other
properties of mutual dependence between events (see Box 30). They all flow from
the fact that each object may be a Place, and that an Event is a place in time (i.e., a
time slot). Place normalizes location and its nontemporal polymorphisms, while
Event normalizes their temporal polymorphisms. Indeed, the polymorphisms of
locate (see Box 30) are all transitive relationships, and hence a place being a location
is contingent on another object locating it. Thus, contingent on is also a polymor-
phism of locate. Physical objects, physical places, and events inherit the
nontemporal polymorphisms of location from the primal object.
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The Bills of materials structure, in which an instance of an item only may be
contained in one other item at a time, is a polymorphism of Contains (e.g., a part in
a subassembly or a subassembly in a machine).

The Metamodel of Knowledge tells us that any object (even object classes) may
be classified, and each class also will be an instance of an object (see Chapter 2, Sec-
tion 1, in [337]). It implies that a class of physical objects (e.g., a kind of machine or
subassembly) may not only consist of other kinds of physical objects, as Figure 2.11
explicitly articulates. Each such (type of) part also may implicitly be a part of several
other types of machines and subassemblies, which also may be considered parts of
yet other parts, and so forth. Of course, we are free to bar this by exception. We may
attach a rule to a class of parts that makes that kind of part exclusive to a specific
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kind of assembly. Thus, instead of replicating the structures in Figure 2.11(b) for
every item that consists of parts, we only need to articulate the exceptions. These
exceptions may be articulated by attaching the exclusivity rule to some kinds of
object classes. The Metamodel of Knowledge and the power of reason that resides
within it will imply the rest.

Note how located by and its polymorphisms, Contained in, Part of, and Sub-
type of, are reusable components from the Metamodel of Knowledge that we have
reused in radically different contexts in Figure 2.11. It is an example of how a com-
ponent of knowledge—even common sense—may be automatically applied to dif-
ferent objects via the structures of meaning we discussed in Section 2.1.2. Those
structures also told us that the relationship between Physical Object and Physical
Place is an inherited relationship—inherited and derived from the relationship
between Energy and Physical Place (see Figure 2.2). It is a polymorphism of the
generic locate relationship of Box 12.193 This polymorphism gives a place exclusive
possession of an object (see Box 25). The moment that we declare an item a physical
object, the repository will infer that it must be in only one, exclusive place, and that
its footprint may include only places that are a part of that exclusive place. It is all a
matter of common sense and a modicum of automated intelligence.

Common Polymorphisms of Path

We have discussed polymorphisms of networks and paths in Section 2.1.1. Figure
2.12 shows some frequent manifestations of Path. The paths in Figure 2.12 are not
an exhaustive list of possible paths. The purpose of Figure 2.12 is to accelerate
requirements analysis by establishing that these objects will automatically inherit
the shared behavior of Path (such as restructuring, as discussed in Section 2.1.1),
which we may then define once, in only one place.

Distribution Channels, for example, are often chains of people or organizations
in the supply chain for a resource being delivered to a user or consumer. However,
as Figure 2.12 shows, not all distribution channels will consist of people or organi-
zations. Paths through nodes of automation, documents, and media of different
kinds also may be considered to be distribution channels.

Note that there is no bar on the same person, organization, or resource partici-
pating in different distribution channels simultaneously. The same resource could
be a node on different paths. Its position relative to other nodes might be different in
different paths. It is the topology that counts, and each topology, a distinct Path,
will be a different and distinct distribution channel—even if some nodes are shared
between different distribution channels, and even if individual nodes are the same,
but their sequence is different on different paths. This structure also lets us measure
and compare the efficacy of different routes to determine which arrangement might
be preferred. It is the key to process improvement.

A route is a path through places, and when these places are geographies, the
route becomes a geographical route, like a flight path or a travel itinerary (see Fig-
ure 2.12). Task dependencies are also routes through events. Again, Figure 2.12 is a
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reminder that we may subsume process maps and task dependencies into the generic
concept of route, and that these polymorphisms will inherit the shared behavior of
all routes. Thus, we may replace painstaking replication of behavior and computer
code for each kind of path, by automated inheritance based on the shared nature
and behavior of Path. Indeed, the Principle of Parsimony and Liskov’s substitution
principle tell us that we should not subtype Path or Network unless we are adding
information they do not normalize. See Mutability of Resources in Section 2.1.1,
and the note on the Principle of Parsimony. To align with business terms, we can
always create synonyms. See The Tyranny of Words in Chapter 1.

Networks that transmit energy, materials, or information through routers,
switches, and other equipment are also polymorphisms of Path. Figure 2.12 shows
that networks may contain (and by implication, also consist of, or be subtypes of)
other networks. Networks may be divided into parts that succeed each other along a
route (as shown in Section 2.1.1), and the governing process could dynamically
rearrange the succession relationship, restructuring the network as resources flow
(and routed) through it. It does not matter what kind of network it is. This behavior
is shared, and automatically inherited, from the Universal Perspective. All effects
that change a topology are normalized by Structure, and those that change the
topology of a directional structure are normalized by Path.194 Structure and Path
give us the room that we need to be flexible under the pressure of change, and inno-
vative in the face of competition.

Person/Organization

Person/Organization encapsulates the shared behavior of people and organizations
(see Section 2.1.1). A significant part of this shared behavior lies in the melding of
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194. See Box 30. Module 5 on our Web site discusses in detail the properties of temporal and nontemporal structures.
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people and organizations into hierarchical tree structures of the kind we discussed
under Path. Figure 2.13 lists several significant and frequent polymorphisms of
these hierarchies of people and organizations. In Section 2.1.1, we discussed how
organizations are aggregate objects with or without internal structure. In this sec-
tion, we will focus on hierarchically structured organizations.

Figure 2.13(a) articulates common relationships that Person/Organizations
have with each other. Usually, these relationships form hierarchies of Person/Orga-
nizations. These hierarchies are independent irreducible facts, unless they are
merged, separated, or joined via mutual inclusion, mutual exclusion, or subsetting
constraints.

For instance, a hierarchy of legal entities may be useful from a legal or manage-
ment viewpoint, but the hierarchy itself might not be a legal entity unless it is
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explicitly incorporated as one. For instance, a hierarchy of holding companies may
be a legal entity in and of itself, constituted of other legal entities. On the other
hand, a hierarchy of legal entities, such as subsidiaries and joint ventures, also may
be organized in a reporting structure for internal management purposes. This hier-
archy may have no legal standing as an entity in the eyes of the law.

Thus, managers of organizations, especially organizations that are large,
complex, autonomous, and global, may have to consider several simultaneous
viewpoints to manage, orchestrate, and harmonize different aspects of their organi-
zational units. Each view may be a different hierarchy of associations (or path
through) nodes constituted of the same organizational units. At the lowest level,
these units could be roles played by individual employees. The most frequently used
hierarchies have been shown in Figure 2.13.

Let us start by divorcing ownership from control. Ownership does not always
imply control. For instance, an insurance firm in the United States might manage an
insurance firm in Korea for a fee, without actually owning any shares in it.
Although it is difficult to conceive, it is not impossible that the reverse also may hap-
pen—that an owner of a firm might abdicate any right to control a firm he or she
owns, possibly by legal agreement. Thus, hierarchies of ownership and manage-
ment control may be different and independent—unless, of course, we mandate that
owners also manage, by imposing a mutual inclusion or subsetting constraint
between the two relationships (see Box 10). This is often the case.

Similarly, for financial accounting purposes, the firm might be organized in one
hierarchy, whereas for management accounting, the configuration of depart-
ments and organizational units may be different. For example, some operational
units might not follow the formal reporting structures of departments and their
sub units. Take the case of a firm that organizes itself into customer-focused,
multidepartmental teams that draw on resources and individuals from several
departments. A team consisting of a team leader and members of customer service,
information systems, and engineering departments might be members of a cus-
tomer-focused service team for a product that must be engineered to order for a
strategic customer. The team is an organizational unit that might follow a different
functional or operational reporting hierarchy from the administrative or depart-
mental hierarchy of the firm.

In the same way, information, such as performance measurements and various
costs, might have to be rolled up, or presented in different drill-down hierarchies to
regulators of different kinds. These hierarchies need not always follow the adminis-
trative or financial accounting structures of the enterprise.

Even if a firm is organized into a multiplicity of structures for different pur-
poses, the correspondence of the lowest-level nodes between these structures must
be clear and unambiguous. Otherwise, the integrity of organizational data and per-
formance metrics will be at risk. In other words, every structure must clearly map to
every other. The concept of Structure automatically creates these maps between
structures. At the lowest level, it is individual roles that are being organized by the
hierarchy. Each hierarchy is a different Path, but each hierarchy is a path that con-
sists of the same nodes. It is these nodes that naturally ensure that each path can
map to every other; that is, they are all views of the same enterprise seen from differ-
ent perspectives.
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The problem of mapping between views becomes more complex when organi-
zations are restructured. In order to compare prerestructuring performance with
postrestructuring performance, it is important that past and future measurements of
the same measures (e.g., revenues, costs, and customer satisfaction) be sourced and
summarized from the same nodes of the organization after restructuring as it was
before restructuring.

This is easier said than done, because the reorganization changes which organi-
zational units are considered parts of which other organizational units (i.e., associa-
tions between nodes change). This kind of change invalidates comparisons of
performance measures (such as cost, income, revenues, sales, and so forth), between
the unrestructured and restructured versions of the organization. However, like can
be compared with like if we can map the correspondence of nodes between the old
and new structures.

These maps naturally exist when we restructure associations between the same
organizational units. In this kind of restructuring event, some organizational units
are detached from others, while others are attached to each other, to create new
groups and hierarchies. Therefore, we may map nodes in one structure to corre-
sponding nodes in the other at the lowest level. Processes and information systems
only have to recognize this information in order to leverage it. As a part of the
restructuring, if nodes are not merely associated and dissociated from each other,
but are deleted or added to the enterprise as a whole, then the contributions of these
additions and deletions also will be clear. They will be contributions (negative or
positive) from sources that are truly new to the structure. The following real-life
experience demonstrates that corporations only can ignore this aspect of the Uni-
versal Perspective at their peril.

In the final decades of the twentieth century, a large telecommunications com-
pany went through a period of turbulence and continual restructuring, in its transi-
tion from closely protected to intensely competitive markets. Organizational units
were continually attached to and detached from each other, as the corporation
attempted to flex in response to its new, and rapidly evolving, environment. The
firm’s old information systems imposed a rigid financial accounting hierarchy that
recognized no past states of hierarchies. The charts of accounts admitted no possi-
bility that innovative management might require different windows into the same
organization. This made it increasingly difficult to compare past and present perfor-
mance, in terms of costs, effectiveness, revenues, and income. The firm changed its
accounting structure to make it more flexible. It took the firm several years to make
the change, at a significant cost.

The new accounting systems, built on old assumptions, recognized that some
kinds of overlapping organizational hierarchies might coexist, but set these in stone.
It did not admit the possibility of new and innovative hierarchies to match new ways
of focusing on customers. Neither did the new software admit that structures might
need continual realignment, nor that each kind of structure may have a history of
alignments. Even after the new charts of accounts were deployed (at a very signifi-
cant cost and effort), it often was impossible to gauge the efficacy of reorganiza-
tions, or to draw lessons learned, because it was virtually impossible to compare like
with like after restructuring and realigning organizational units. Eventually, the
firm had to resort to draconian and drastic measures to survive. In the turbulence of
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the new millennium, agility is the key to survival, and old assumptions must give
way to the tumult of change. The lesson learned was that in order to be agile,
processes and information systems must recognize the polymorphisms and multiple
views articulated in Figure 2.13.

Normalization is the key to flexibility. Figure 2.13(b) resolves hierarchi-
cal views of organizations into those common to Person/Organization, versus
those normalized separately by Person and Organization. Person/Organization
normalizes several kinds (polymorphisms) of management hierarchies. It also nor-
malizes the various kinds of collaborative structures listed in Figure 2.13(b). Per-
son and Organization separately normalize the relationships shown specifically
against each. These relationships were discussed in detail in this section and in
Section 2.1.1.

Clearly, only organizations may consist of other organizations. People cannot
consist of people, nor can people consist of organizations! This is why the “consist
of” relationship in Figure 2.13(b) loops back on Organization alone. As we have
seen in Section 2.1.1, employment is a special polymorphism of the supplier rela-
tionship. People or organizations may employ individuals, but cannot strictly
employ another organization. They may of course purchase time or services from
another organization, but that contract is, strictly speaking, not an employment
contract.

Similarly, a person or organization may not literally own a person. Figure
2.13(c) makes this clear. We also discussed it under Figure 2.3. The constraint
against doing so is the same component of knowledge, articulated in both Figures
2.3 and 2.13. Ownership is a legal concept established by Man, not nature. It is
encapsulated and normalized by the concept of the Legal Entity we discussed in Sec-
tion 2.1.1. The bar against ownership of people is also a legal concept, forged by
Man in recent, more enlightened times. Legal Entity normalizes ownership (with
Asset; see Section 2.1.1), because, strictly speaking, only legal entities may own
assets.

It might surprise some readers that barring a relationship is also a polymor-
phism of the relationship it denies. For instance, in Figure 2.13, denial of the
employment relationship is as much a polymorphism of employment as are its
inherited forms. Constraints add information, and hence create polymorphisms, of
that which they constrain. See Module 6, Section 2, on our Web site. Barring a rela-
tionship constrains its existence. Knowing it cannot exist is different from asserting
that we do not know if it may exist. Thus, asserting something cannot exist is tanta-
mount to creating a new polymorphism for it. It is a form of the Unaffecting Inheri-
tance. See Box 21 in [337], or the note on polymorphism.

Box 21 in [337] describes the risks of inappropriate unaffecting inheritance. The
unaffecting inheritance in Figure 2.13(b) springs from a somewhat arbitrary distinc-
tion between an employee and a supplier of time and services that is not considered
to be an employee. It is a pattern by decree. This is its justification.

The bar against ownership of individuals is also a decree that aligns business
practice with ethics. The packaging of goods and services into business products are
also patterns by decree, as are the terms and conditions of agreements that involve
the resource groups we discussed in Section 2.1.1. In the same way, information is
always information about a resource group. We will review this in more detail in
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our discussion of documents and information in this section. These resource groups
may be arbitrary patterns, like the tax code, hammered out in compromises with
different special interests. These kinds of patterns may consist of arbitrary exclu-
sions, inclusions, and exceptions designed to navigate a narrow path that may be
ideal for no stakeholder, but will be acceptable to all of them. Unaffecting inheri-
tance may be appropriate in such situations. The patterns of this chapter are the
basis for determining when unaffecting inheritance will facilitate, not hinder, agil-
ity. Thus, the patterns in this chapter are also the basis for determining when
unaffecting inheritance should be used.

Ownership may be partial, and even of different kinds. For instance, a person or
organization may own only a share, or a proportion, of an asset, such as another
organization. Moreover, ownership may be differentiated by the kind of shares
owned. Examples include common stock, preferred shares, nominal shares (nomi-
nal or notional share prices are sometimes used to compute the economic value
added by a business unit that might not be a legal entity), and so forth. The concept
of Asset in Figure 2.4 is embedded and hidden in the ownership relationship of Fig-
ure 2.13(c). The recursive relationship in Figure 2.13(c) summarizes one polymor-
phism of Asset—the asset that is an owned organization.

The role of Supplier involves transfer of ownership of some resource (see Sec-
tion 2.1.1). Thus, the simple recursive Supplier relationship in Figure 2.13(a) sum-
marizes a complex high order relationship hidden within it. That relationship not
only involves buyers and sellers, but also products and services supplied. We will
return to this relationship later in this section. It is a seminal relationship from
which supply chains and many other items grow.

Regardless of how we organize or own, we may have multiple windows into an
organizational structure, each a perspective as discussed in Figure 2.13(a). Figure
2.13(b) also shows this. They are needed to understand and manage the conflicting
goals and strategic interactions that commonly occur in large organizations.

Shipment, Transportation, and Place

A shipment is a resource(s) in transit. It always must be located on a route. We dis-
cussed shipments, transportation, and routes in Section 2.1.1. We know that a ship-
ment may contain or consist of other shipments, and that parts of the shipment may
be consigned to different destinations. A consignment is a special part of a
shipment. It is the part of the shipment that is picked up at a single node, and must
be delivered to a single destination (node) at one time as one unit. The consignment
is the basic building block of Shipment.

Naturally, a consignment must traverse a route that is a part of the route that
the aggregate shipment traverses. If the shipment consists of a single consignment,
then the route of the shipment and the consignment will be identical (i.e., the part
will equal the whole). A Route, as we know, may contain or consist of other routes.
We discussed this in Section 2.1.1. These are facts inherited from the primal object
(see Figure 2.1 and Box 12). Similar rules also will hold true for the other objects in
Figure 2.14. For example, messages might contain or locate messages, resources
may do the same for resources, places may do so for places, and so forth. These facts
have been hidden in Figure 2.14 to reduce clutter, but remember that they are there,
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casting their shadow from the Metamodel of Knowledge into the Universal Perspec-
tive. Business processes can ignore these patterns of containment and consistency
only at their own peril. They exist, timeless and immutable, normalized within the
Universal Perspective.

Shipping Routes and Transportation
A route is a place. It is a place that consists of its nodes. The location of a consign-
ment on a route is always expressed in terms of the node in which it is located at any
given point in time. Thus, the precision with which a route may locate a consign-
ment depends on the density of nodes that constitute the route. If the node density
reaches a point at which the route may be considered a continuum of nodes, as Box
25 describes, then the consignment theoretically may be located with infinite preci-
sion—for example, in physical space. The relationship that locates a consignment at
a particular node is an inclusion polymorphism of the location relationship in Fig-
ure 2.14, which locates the consignment in the route. This is in turn is an inclusion
polymorphism of the location relationship in Figure 2.2, which is identical to the
location relationship in Figure 2.1.

Since a Route is defined in terms of its nodes, the relationship between the
Consignment and Node is implied by the relationship between Node and Route.
The fact that a consignment is located on a route tells us that it also must be located
on a node in that route. The three kinds of relationships (between consignment and
Route, Route and Node, and Node and consignment) thus form a transitive triad
(see Box 10). In order to normalize information, one of the three must be dropped in
each triad because the other two will always imply it. Figure 2.14 articulates this.
Similarly, the fact that the route taken by a consignment is a part of the overall
route of the shipment is implied by the fact that the consignment is a part of the
shipment.

If we add temporal information to located on, then it becomes the transporta-
tion event. It tells us that the nodes must be visited in a time sequence, and might
even tell us when each node was actually visited, and/or when the consignment (or
its shipment) was scheduled to be there.

All routes start and end at nodes. This is inherent in the structure and definition
of Route. It implies that consignments must start and end at the same nodes as the
route. The consignment route identifies these starting and ending nodes. The source
and destination of a Consignment is an implied, not explicit, fact. The Route that
contains the consignment implies it. Thus, Route normalizes this information.
Indeed, the very identity of the route depends on the nodes that form its path.

Resources in Transit
A consignment is a Resource (or Resource Group) in transit (actually or potentially)
on a Route. A Resource Group, as we have seen in our discussion of Figure 2.2, is a
subtype of Resource. When you review Figure 2.14, remember that Resource also
subsumes the concept of Resource Group. The consignment is transported on its
Route, as a part of a Shipment, by some mechanism (e.g., a vehicle). Figure 2.14
articulates this. Thus, Consignment is a role of Resource defined by its relationships
with Route, and through Shipment with Shipment Mechanism. Different resources
may be bound together into a single consignment, which in turn may be grouped
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into a Shipment. If the consignment is a consignment of information, then it simul-
taneously may be a part of several “shipments.” Then, the consignment is merely a
Resource Group in (potential or actual) transit. A shipping manifest is the Docu-
ment that records this information.

Naturally, if a consignment consists of different resources, and a shipment con-
sists of consignments, then the shipment also will consist of the collective resources
of all the consignments that constitute it. Figure 2.14 articulates that the relation-
ship between Resource and Shipment is implied by (transitive with) the relationship
between Resource and Consignment, and the relationship between Consignment
and Shipment.

Constraints, Capacity, and Special Instructions
Not all mechanisms may convey all shipments. For example, it might be hard to fit a
shipment of trucks into a car, or regulations might bar highly inflammable and
unstable chemicals from aircraft. Hazardous materials may be barred from a con-
struction such as a tunnel or a building, or even from a geographical Place. This
kind of fact that bars a resource from a place (or, conversely, insists on its inclusion)
is normalized by constraints on Place. Mode of Transportation and Route inherit
this relationship (see Figure 2.14). Remember that a node on a Route is a Place, and
a Route through a Place is a special polymorphism of that Place. See the discussion
on polymorphisms of structure in Section 2.1.1. Thus, if a resource is barred from a
place that is also a node on a Route, a shipment that contains that resource also will
be barred from that route. It will be an inherited fact. For instance, the Lincoln Tun-
nel across the Hudson River connects New Jersey to New York City. There is a list
of hazardous materials that cannot be transported through there. Therefore, trucks
carrying materials in this list cannot be routed through the Lincoln Tunnel. The
Route inherits this constraint from its Node. It is an inferred fact, because the
Metamodel of Knowledge, at the heart of the Universal Perspective, holds within it
the power of reason.

Conveyance is a polymorphism of containment, which is a polymorphism of
location (see Box 12), which, in turn, articulates the fact of transportation within
the container (see Figure 2.14).

Naturally, only that which is conveyable by the shipping mechanism (e.g., a
truck) may be conveyed by it. The subsetting constraint between the two relation-
ships between a shipment and its shipping mechanism in Figure 2.14 articulates this.
The subsetting constraint was discussed Box 10. Violations should trigger an excep-
tion process (see Box 30), a fact automatically inherited from the Metamodel of
Knowledge and implied by the power of reason that resides in it. A knowledge
machine would know this, just as a human analyst should know this.

Naturally, a mechanism will have a capacity, and (its relationship with)
shipment will engage this capacity. We discussed the capacity in Box 10. The
conveyability of a shipment might depend on its capacity requirements. Thus, it also
may be a relationship derived from the quantum of capacity it must engage (a fact
hidden in Figure 2.14 to avoid clutter). This is also a fact that a knowledge machine

176 The Universal Perspective: Scope of Business

195. The shipment mechanism is not the only object that may have a constrained carrying capacity; routes also may impose capacity
constraints on the shipment and its conveyance mechanism. Capacity constraints on Routes were discussed in Section 2.1.1.



may infer from the Metamodel of Knowledge.195 The Metamodel of Knowledge
lends the Universal Perspective the power of reason.

A consignment, as we recently discussed, is a polymorphism of a Re-
source. It might be a Resource Group. Consignment inherits the relationships
between Resource and Resource Group explicitly articulated in Figure 2.15. Those
relationships tell us that a consignment might aggregate many resources. There is
no bar against the shipment consisting of consignments from different parties
who might share the vehicle (or the shipping mechanism) to realize economies of
scale.

As evident from the inclusion/exclusion relationship inherited from Resource
Group, there may be complex rules about what kinds of resources may be combined
together in a shipment. For example, heavy steel girders may be barred from a ship-
ment of fragile crystal glasses. Although hidden in Figure 2.14 to avoid clutter, these
relationships are articulated in Figure 2.15. Figure 2.14 tells us that these relation-
ships will be inherited by Consignment and Shipment, since both are polymorphisms
of Resource. Indeed, there may be special instructions about which consignments
may or may not be included in which shipments. The optional include/exclude
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relationship between Consignment and Shipment is similar to that between Resource
and Resource Group in Figure 2.15. It is inherited from Resource.

Building and Breaking Shipments
Consignments may switch shipments, as shipments are broken, reorganized, and
rerouted in a network. This process emerges when we add temporal information to
the “Part of” relationship between Consignment and Shipment (see Box 30).

The shipment also might consist of multiple consignments, with different
sources (pick-up nodes) and destinations (drop-off nodes) on the route. We dis-
cussed this in Section 2.1.1. A consignment is a special kind of Shipment—one with
a single origin and destination. Thus, a consignment is a more restricted pattern
than a shipment. This makes Consignment a subtype of Shipment (see Box 14). Fig-
ure 2.14 shows this in an inset. The “Part of” relationship between Consignment
and Shipment is distinct and different from the subtyping relationship in the inset.
The subtyping relationship admits that Consignment is a special kind of ship-
ment—one with a single pick-up point and a single destination. That consignment
may constitute a part of the whole shipment. This last assertion is merely a special
case of the fact that a shipment may be made of shipments that are considered to be
its parts. We have discussed this in Section 2.1.1 and in the discussion of Figure
2.14. A shipment that consists of a single consignment may be considered a ship-
ment made of just one part.

Combining consignments into shipments that will fit the capacity of a shipping
vehicle with a minimum of wasted space can be complex. Complex rules and con-
straints may be required. Shipments, and even consignments, may be broken,
pooled, and rebuilt at transshipment points along the shipping route. This is an area
of specialized mathematical research in logistics. For us, it will suffice to understand
that these relationships lead to processes that break shipments, including consign-
ments. They also lead to processes that build shipments and consignments by pool-
ing and aggregating resources. Processes that pool and aggregate resources are
temporal polymorphisms of the “Include/Exclude” relationship between Resource
and Resource Group in Figure 2.15.196 It all boils down to the capacity of an instance
or class of the shipping mechanism in Figure 2.14, with respect to different kinds of
consignments that may be combined into shipments. Like any other object, a ship-
ment may contain (or be a part of) other shipments (see Box 12). Although not
explicitly shown in Figure 2.14, it is a universal fact inherited from the primal object.

Consigning and Shipping Messages
A consignment need not always consist of tangible objects (see Section 2.1.1). It
could be pure information, in which case we call it a message. Information is
included in the concept of Resource, and Message is included in the concept of Con-
signment. Figure 2.14 shows this. Thus, the vehicle that ships the consignment need
not always be a truck, a plane, or machines that we normally associate with the con-
cept of Vehicle. It might also be the Web, the postal service, a telecommunications
network, a broadcasting network, or even carrier pigeons. The concept of the mech-
anism for transporting resources is more general than our everyday concept of a
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vehicle or a mode of transport. The mechanism and transportation mode in Figure
2.14 subsumes our everyday concepts of physical vehicles and modes of transport,
and extend beyond them, to include any mechanism that can move information, or
any kind of resource along any kind of Route, physical or virtual.

A node in a network is a place. Any resource may be a place (see Section
2.1.1).197 A place is a state of a resource in which it locates another; it is a subtype
(see Figure 2.2). Place therefore inherits this recursive locate relationship on
Resource, along with its polymorphisms—“contained in,” “part of,” and “subtype
of” (described in Box 12). An address is formatted information on location (see Sec-
tion 2.1.1). Figure 2.16 articulates this cluster of relationships. Therefore, nodes
also may have addresses, and each node may even have several addresses. However,
its identity as a place will be unique. This place could be a virtual or physical place.

Indeed, places are only located relative to other places (see Box 12). A resource
or a place may change its location in relation to places that locate it. This is the
generic process of movement. If the destination of a consignment is a resource, and
the resource moves in the virtual or physical space that locates it, then the network
will still convey the consignment (or message) to the resource to which it was
addressed, not the place(s) that locates the resource. This is a very important con-
cept. It implies that we must specify sources and destinations on a route in terms of
the resource between which we wish to move the consignment, and not between the
places that contain (or locate) these resources.

Location is a transitive relationship (see Box 10).198 If we follow the rule above,
then the places that contain (or locate) the source and destination nodes (and the
in-between nodes) will be naturally inferred by the transportation process. If the
source of a consignment moves before the consignment is picked up, or if the desti-
nation moves in virtual or physical space while the consignment is in transit, then
the transportation process will naturally track the movement and pick up the con-
signment from the right place, and deliver it to the right Place—its target Resource
on the Route, regardless of where it is located in space. In an increasingly mobile
world of rapid and continual change, where processes must flex rapidly and contin-
ually as they respond to the churn and tide new instructions, changed expectations,
and new information, this kind of flexibility in routing and delivery can be key to
success, satisfaction, and even survival of a business.

Thus, for example, if an individual has a unique address, then a worldwide net-
work will track down and deliver the message to the individual, wherever he or she
logs on to the network. On the other hand, if the destination is a notebook computer
with a unique address [it could be an Internet Protocol (IP) address], then the mes-
sage will be delivered to the notebook, regardless of its geographical location, or
who signs on to the computer. The message goes where we say it must, and the
intended destination must be the intended resource, not the container that might
convey the message, because resources may shed containers in the flux of a world
built on mobility and responsiveness.

Like any other object, a Message may consist of other messages. It may have an
internal structure. This structure even may be a temporal structure that involves
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197. Module 5, Sections 2 and 4, on our Web site, describe in detail how resources are places. See Figure 114 on our Web site.
198. Module 5, Section 4, on our Web site, discusses the transitivity of locate.



timing and sequence. Each component of a message may follow a different route,
and on arrival at the common destination(s), the information on its structure will
automatically ensure that the aggregate message preserves its integrity. This behav-
ior is inherited from the generic structured object (see Box 10). The message will not
be just data, but also information on its structure.199 The Metamodel of Knowledge
demands consistency of all that grows from it.

The same information also may travel along multiple routes (see Section 2.1.1).
Indeed, the same information even may move from the same source to the same des-
tination, touching the same nodes, but perhaps in a different sequence. Each
sequence will be considered a different route, since each is a different path. The infor-
mation in transit on a given route is “Message.” Message resolves the many-to-many
relationship between the information conveyed and the routes on which the informa-
tion is conveyed (at a given time).200 Indeed, we all know that different messages may
even convey the same information. It is common sense. The Universal Perspective is
common sense, formally structured and normalized in a model of reality.

Document and Information

The cluster of relationships that surround Information and Document in the Univer-
sal Perspective will be the topic of this section.

Information must always be recorded on a document. What we do not know is
not information. We discussed the relationship between Information, Document,
and Medium in Section 2.1.1 (see Figure 2.1). Our focus in this section will be the
relationships in Figure 2.15.

The list of relationships in Figure 2.15 is by no means complete. It cannot be,
since the real world is much too rich a tapestry to exhaustively model in the bland
diagrams of this book. However, we can abstract its essence. The relationships in
Figure 2.15 frequently extract the essence of complex patterns of information,
which are the essential patterns relevant to business models. In Section 2.1.1, we
have seen how the recording relationship between Document and Information is an
inclusion polymorphism (see Box 10) of locate that applies to Information.

In Figure 2.15, Refer to is a special asymmetrical relationship. Only Informa-
tion may refer to an object. In common parlance, a document referring to an object
really means is that the formatted information in the document refers to an object,
perhaps even another document. Similarly, when we say an object refers to another
(e.g., when a doctor refers a patient to another doctor), what we really mean is that
the object refers to information about another object. Reference is transitive
between the referring object and the object to which it is referred, via the relation-
ship each has with the Information to which they refer. In the example of the doctor,
the referring doctor did not really “send” or “move” the patient to another doctor.
He or she only gave the patient information about the other doctor (i.e., a guideline)
that suggested that the patient visit the other doctor. That is why it was a reference.
Reference is a universal relationship that connects a resource to information.
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199. Internet telephony is based on this principle. Chapter 49 of [334] describes its physical implementation.
200. Box 24 discusses resolution of many-to-many relationships.
201. The recursive reference relationships in Figure 2.15 are inclusion polymorphisms of the reference relationship between objects and

information in general.



Information is also a resource. Thus, the recursive reference relationship on Infor-
mation in Figure 2.15 is inherited from resources in general.201

All relationships in the Universal Perspective are either inherited from the
Metamodel of Knowledge, or are polymorphisms of those inherited relationships.
Reference to information about an object is inherited. Relationships may be condi-
tional (see Box 10; details are in Module 5 on our Web site). This fact is inherited by
all relationships including references to information, a fact normalized by the
metarelationship between meta-objects in the Metamodel of Knowledge.202 Based
on Box 14, conditional reference is a polymorphism of unconditional reference. It is
a kind of description and elaboration. Figure 2.15 articulates this.

Locate, and many of its polymorphisms, are also common to all objects, and are
inherited by both Document and Information. In Figure 2.15, we have “flattened”
this hierarchy of polymorphisms, because we have already discussed this hierarchy.
Locate and some of its common polymorphisms are relationships normalized by the
primal object and inherited by both Document and Information in Figure 2.15.

Implication firmly embeds a meaning—a pattern of information—in another
meaning, to create a subtype or a mutual inclusion constraint (see Section 2.1.1
under Elaboration Interpretation and Shifting Perspectives).203 If the entire set is
being divided, and its smaller parts are all considered subsets of the whole, as shown
in Box 19 on our Web site, then mutual inclusion becomes a special case of the exis-
tence of a subset implying the existence of the superset.204 If all parts of the divided
set are mutually inclusive, then we will get back the set we divided into parts. Impli-
cation is thus a polymorphism of the subtyping relationship. The existence of a sub-
type implies the existence of the supertype, but not vice versa. A relationship also
may be implied by a composition (see Box 10). The composition has a larger infor-
mation payload, elaborates on the implied relationship, and as a whole, is a subtype
of the implied relationship. Only meanings imply meanings. Meanings are patterns
of pure information, as described in Module 6, Section 2, on our Web site; hence,
only information may imply information. Therefore, implication is an inclusion
polymorphism of the subtyping relationship (see Box 10).

We also know that information about an object may supersede other informa-
tion.205 Supercession only applies to information. Section 2.1.1 also discussed elabo-
ration, interpretation, conflict, and collaboration; each (object) applies only to
Information. Thus, only information in a document, not the document itself, can
qualify, imply, elaborate, corroborate, conflict, interpret, or supersede.

Describe is a polymorphism of Refer to. A description always is a description of
some object, which it therefore refers to. A qualification is a kind of description—a
belief about a resource. We discussed the Qualification-Credential cluster in Section
2.1.1. Figure 2.15 makes these relationships explicit. It is clear that the certification
relationship between Credential and Qualification in Figure 2.15 is transitive with
the Qualify relationship between Qualification and Resource.206 Thus, we also may
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202. Figure 116 describes the “Metamodel of Relationship” on our Web site.
203. Module 6, Section 4, discusses an example on our Web site.
204. Mutual inclusion is a special case of the subsetting operation, one in which we consider not only proper subsets, but also the entire set

being subtyped as a subset. Subsets, both proper and improper, are described in Box 19 on our Web site.
205. Information superseding information is the basis for Unaffecting Inheritance in Box 21 on our Web site. See the note on kinds of inheri-

tance.
206. Transitivity was discussed in Boxes 10 and 30.



say that a credential certifies a resource. It is implied by the Certify and Qualify
relationships in Figure 2.15. Common sense is the power of reason embedded in the
Universal Perspective—that one fact can be inferred from others.

Elaboration is also a kind of description that adds information. It is therefore a
polymorphism of the subtyping relationship (see Box 14). We know that elabora-
tion adds information by describing an object. Therefore, Elaboration is also a poly-
morphism of Description. The meaning of elaboration is included in the meaning of
description. Elaboration is a meaning that also creates subtypes of what it describes.
Elaboration is thus a subtype with two parents, Description, and the subtyping rela-
tionship itself. Figure 2.15 articulates this.

Abstract is the inverse of Elaborate. One summarizes, and the other details.
Thus, Abstract implies the existence of Elaborate, and vice versa, which make them
inverse relationships.

Some readers might consider elaboration and abstraction to be mutually exclu-
sive relationships. This is not correct. Elaboration actually implies the existence of
its inverse. Elaborate must elaborate on something. Thus, the less detailed form of
the elaborated object is implied by the very fact of elaboration. Elaboration and
abstraction are inverses, not mutually exclusive relationships or objects.

Unlike Abstraction and Elaboration, Collaboration and Conflict are mutually
exclusive objects (see Section 1.1). However, both add information on mutual sup-
port or mutual exclusion. Corroborate is a polymorphism of Collaborate that only
applies to pure information. It is a relationship between two items of information
that signals confirmation of the validity of one with respect to the other (see Validity
in Box 30).

Mutual inclusion and subtyping (collectively, a collaboration; see Section 2.1.1)
and conflict (mutual exclusion) are different kinds of constrained relationships (see
Box 10). Box 14 describes how constraints lead to subtypes. Thus, conflict and cor-
roboration not only elaborate on a reference or description, but they also subtype
what they describe by adding information on constraints. Both are polymorphisms
of Elaboration.

One meaning may be contingent on another, and subject to various conditions.
It is clear that making a meaning contingent on others is a polymorphism of elabo-
ration. When we make a meaning conditional on other meanings, we impose con-
straints on it. When we qualify an object, we add information on what we believe it
can or cannot do. Both are polymorphisms of elaboration.

Information refers to objects, even if they are other items of information. For-
matted information in a document also may do the same. It is a fact inherited from
Information. A Document is different. It might surprise some readers and defy intu-
ition, but the fact is that a document does not refer to information, and cannot refer
to another document. The document records information, and the information in it
may refer to other objects, even other documents or other items of information, but
the document does not normalize this fact. The information in it does.

On the other hand, documents may link to other documents. Linkages between
documents belong to the interface layer in the Architecture of Knowledge, as shown
in Figure 15 on our Web site. Linkage navigates between documents. It is a physical
implementation of Path, in which the nodes are all documents of different kinds.
Thus, this linkage is a polymorphism that is a kind of format, and a physical
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expression of abstract information. Abstract information may only refer, and be a
node in an abstract Structure. Linkage and hypertext may mirror this structure, but
they are only formats and physical implementations of abstract references between
abstract items of information. A linkage is a symbol that triggers a transportation
process between documents. The symbol formats and represents a reference. Chap-
ter 4, Section 1, in [337], discusses symbols and formats in detail. This is why link-
age has not been shown as a relationship that can associate pure information with
pure information in Figure 2.15.
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Represent, Encrypt, and Decode are also missing from Figure 2.15. They are relation-
ships inherited from the Metamodel of Knowledge and impinge on information. They
are hidden in Figure 2.15 to reduce clutter. Encrypt and Decode are polymorphisms of
Represent (see Box 30). Boxes 36 and 38, on our Web site, and Chapter 4 discuss Rep-
resent, Encrypt, and Decode in the context of information and Document. Encryption
of meaning is discussed in Chapter 4, in [337], at the end of Section 3. Encrypt and
Decode belong to the interface layers of the Architecture of Knowledge described
under “The Architecture of Knowledge” on our Web site.

Information is always information about a resource. It could be a single resource or a
conjunction of resources. Resources may be bundled together, based on complex rules
mandating or excluding resources from the bundle. The presence or absence of a
resource in the bundle may depend on the presence or absence of other resources (e.g.,
fire insurance may be bundled with theft insurance for a car). Box 14 articulates why a
resource group is a subtype of resource. Mandatory inclusion or exclusion of resources
in a group restricts membership of the group. A restricted group has fewer degrees of
freedom than an unrestricted group. Therefore, a group that restricts membership is a
subtype of a group that does not. The inclusion or exclusion constraint, the relation-
ship between Resource and Resource Group in Figure 2.15, adds this information to
the Part of relationship in that figure. Thus, Resource Group is a subtype of Resource,
and therefore a resource with an identity of its own—a recursion on Resource, and a
subassembly of parts that is also a part. Thus, Resource Groups will automatically
inherit the relationship that asserts that Information will always refer to one or more
resources.

The inclusion and exclusion constraints discussed thus far have been occur-
rence constraints. Occurrence constraints are nominally scaled relationships. The
Metamodel of Knowledge in [337] asserts that Ordinal, Difference, and Ratio Scaled
interactions are polymorphisms of nominally scaled (occurrence) relationships (see
Box 10 and Domain in Box 30). The Universal Perspective inherits this information
from the Metamodel of Knowledge. Thus, the nominally scaled exclusion and inclu-
sion constraints in Figure 2.15 between Resource and Resource Group are the thread
around which richer ordinal, difference scaled, and ratio scaled rules can crystallize.
Thus, the inclusion and exclusion relationships in Figure 2.15 could metamorphose
into rules about the quantity of one resource that may or may not be bundled with the
quantity of another in a resource group. For instance, $1 million life insurance might
be bundled with $500,000 disability insurance. Product and process innovation
depends on these concepts in the Metamodel of Knowledge, as we will see under the
Buying and Selling Cluster.207



The idempotent relationships on Message are manifestations of exchanges and
returns, which we discussed in Section 2.1.1. Reply is a polymorphism of the return-
ing leg of a Resource Exchange that applies only to information. Return is identical
to the Return event we discussed in Section 2.1.1.

The structure that relates resource groups and resources in Figure 2.15 is com-
mon sense, but its implications are as profound as they are varied, as the following
examples make clear.

Consider lessons learned—a key, and universally addressed issue in almost
every walk of business and beyond. It is information about conjunctions of
resources—their outcomes, dependencies, interactions, and risks. Resource Group
normalizes this information. Consider regulations. Guidelines and regulations also
address objects and their interactions. Resource Group normalizes this kind of
information as well. For instance, an accounting regulation requires that the cost
of failed or abandoned projects be written off in the quarter that the project was
abandoned (see GAAP Rule SOP 98-1 of the AICPA).208 The rule is information
about a resource group: that is, the cost of the abandoned project, a polymorphism
of Fund; the quarter the project was abandoned, a polymorphism of Event; the
abandoned project, a polymorphism of a task in a cancelled state; and the write-off,
also a polymorphism of Fund. If we add temporal information to this resource
group, then it will become the write-off process that supports the regulation.
Clearly, GAAP Rule SOP 98-1 is a higher order relationship and a ratio scaled
rule expression (see Box 10). Furthermore, a resource group is a polymorphism
of the “high degree” relationship (see Box 10) in the metamodel of knowledge.
We will return to resource groups when we discuss features of products later in
Section 2.1.2.

The relationships in Figure 2.15 are useful for auditors who might need to track
references, elaborations, and governance. They are also useful in multilingual
or multimedia environments, when consistency and corroboration of several
documents must be tracked and timed, and conflicts resolved, or when information
in different documents must be synchronized.

The Part of and Synchronize relationships in Figure 2.15 together constitute
multimedia environments. Multimedia presentations (e.g., an audiovisual presenta-
tion) may be considered compound documents, which consist of other documents,
like a sound track and a video, each a document in its own right, and a part of the
multimedia show. Moreover, the two parts must be synchronized. Thus, both “con-
sist of” and “synchronize” collaborate to produce the multimedia presentation
from its parts.
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207. Module 5, Section 3, on our Web site, discusses how process resilience, product, and process innovation depend on the Metamodel of
Knowledge. See also the case study, Box 62, “Mutability and Innovation,” “Processes That Gain or Lose Structure,” and “Product
Reengineering,” and “The Mutability of Compositions,” all on our Web site.

208. GAAP is an acronym for Generally Accepted Accounting Practices, which is a set of accounting principles accepted by Certified Public
Accountants (CPAs) in the United States. SOP is an acronym for Statements of Positions, which are established accounting guidelines
within the GAAP framework. AICPA is an acronym for the American Institute of Certified Public Accountants.



The presentation and its parts are all documents. Synchronization is a question
of timing. Therefore, it is also a process (see Box 10). Clearly, synchronization
requires that each document that is part of the multimedia presentation refer to the
other documents that are part of the presentation, so that the composition as a
whole can proceed in lock step. Thus, synchronization is a temporal polymorphism
of Refer to. It is a meaning manifested when we infuse the flow of time into the
meaning of reference.

Synchronization also may be time delayed or forward looking. It might syn-
chronize states of different objects at different points in time with each other. For
example, stock prices published on your computer might be delayed twenty min-
utes, unless you are a paid subscriber to the publishing service. The same object also
might track a state with reference to its own past or expected future states (such as
planned states). We discussed the tracking process in Section 2.1.1. It is also a poly-
morphism of the reference relationship.

Thus, the relationships in Figure 2.15 are the roots of several diverse but key
polymorphisms and processes of interest to all businesses. The structures in Figure
2.15 normalize the information content and the behavior of each.

Tasks, Projects, Processes, and Risks

A project is a temporary endeavor undertaken to create a unique product or service
[61]. In the Universal Perspective, Task and Project are synonyms. In our discussion
of Business Products (versus the products of processes) in Section 2.1.1, we saw that
natural processes are not always owned (in RAWCF terms; see RAWCF in Box 10).
Thus, a generic process may or may not be owned. It could be an unowned and pur-
poseless natural process, or a purposeful human endeavor. A task or project is the
purposeful endeavor that is always owned, initiated, and controlled by people or
organizations.

A task is a subtype and polymorphism of the generic metaprocess in
the Metamodel of Knowledge. The generic metaprocess also subsumes natural,
unowned processes. Tasks use resources and produce products (see Box 10), at least
one of which is the objective of the task (see Box 23).209 People and organizations
that facilitate or execute the task are also its resources. We discussed the “RAWCF”
relationships between tasks and Person/Organization in Box 10. The “RAWCF”
relationships are special polymorphisms of the Use relationship between tasks
and resources. Use is normalized by Process and Resource.210 Person/Organization
normalizes the “RAWCF” polymorphisms of Use.211 Figure 2.16 shows the “R”
and “W” dimensions. We know that these relationships, which are inclusion
polymorphisms of “Use” between Person and Task, are mandatory for every task.

Delegation
When an organization has “RAWCF” roles in a task, it must delegate these roles to
individuals who will be accountable to the delegating organization. Individuals also
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209. Module 5, Sections 3 and 4, on our Web site, exhaustively discuss tasks and processes.
210. Figure 116 on our Web site normalizes “use.”
211. “Use” is the defining relationship between a process and its resources, inherited from the Metamodel of Relationship (in the Metamodel

of Knowledge). See Module 5, Sections 3 and 4, and Figure 116 on our Web site.



may delegate these roles to other individuals or other Representatives (see Section
2.1.1).212 The “RAWCF” roles of a Person/Organization are transitive with corre-
sponding “RAWCF” roles of accountable individuals.213 Figure 2.16 articulates this
fact, where the “R” role is shown with a dashed line between Person/Organization
and Task. It is equally true for the other “RAWCF” roles. This kind of transitivity is
also an automated pathway for common sense and inference. It is a pathway that
surges out of the junction where the Universal Perspective engages the Metamodel
of Knowledge. Indeed, delegation is a polymorphism of the recursive management
relationship of Figure 2.13 that we recently discussed. All views of the Universal
Perspective are connected—they are parts of the whole.

Resource Use and Resource Management
A person or an organization always uses a resource through a task. When the task is
hidden, or its information content is irrelevant to our purpose, we summarize the
use of resources by attributing it directly to a person or organization. The task that
connects the resource to the person or organization is then buried in the Use rela-
tionship between the Person/Organization and Resource (shown with a dashed line
in Figure 2.16). In other words, this summarized form of Use, which connects a
Resource to a Person/Organization (the user) directly, is transitive with the task’s
usage of the resource, and the task’s “RAWCF” relationship with Person/Organiza-
tion. Showing all three will replicate information. Figure 2.16 articulates this. Simi-
lar arguments also apply to products of processes, which are also subsumed by
Resource. See the definition of Resource in Section 2.1.1.

The use of a resource is an event, and all tasks are events (see Box 10). Events
also may be resources, and like any other resource, an event may be a business
product positioned for sale in the marketplace. For instance, a telecommunications
company does not usually sell its telecommunications network; rather, it sells the
use of it. This use is derived from an event that is a task for the customer. The task of
making a call, from the firm’s perspective, is irrelevant; only the use of its resources
matters.214

Just as a Person/Organization’s use of resources was derived from the task that
uses those resources, the “RAWCF” roles a Person/Organization plays in the con-
text of a task also translate to management of resources and products in the ambit
of the task. However, when resources (or products) used by several tasks move
through supply chains, responsibility for a resource shifts in step with the responsi-
bility for the task that is using it. Therefore, a separate and independent overall
management responsibility is sometimes justified for resources that must be shared.
This management relationship between Person/Organization and the managed
resource subsumes and overrides local management of resources in a task. Figure
2.16 shows this relationship. Indeed, the recursive management relationship on
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212. Box 36 in [337] discusses representation. See also our Web site.
213. The accountability relationship between Person and Person/Organization in Figure 2.16, the dashed lined responsibility relationship

between Person/Organization and Task/Project, and the responsibility relationship between Person and Task/Project are a transitive
triad. Transitive triads were discussed in Box 30. We could substitute responsibility for any of the other “RAWCF” dimensions (Box
10), and it would still be a transitive triad. Any relationship in the triad may be inferred from the other two. This is another example of
the power of inference embedded in the Universal Perspective.

214. The use of resources might be summed over several usage events for billing, analysis, or other purposes. Rule 3 in Box 16 shows why this
kind of summarized event is also an event. The Metamodel of Knowledge can infer this from rules about domains.



Person/Organizations in Figures 2.13 and 2.16 are polymorphisms of this relation-
ship. Person/Organizations are also resources, and inherit this relationship,
whereby they may be managed by people or by organizations. Infused with time, the
relationship becomes a governing process.

To use a resource, the resource and the task must meet. In other words, both
must reside in the same place. This place may be physical or virtual, but it must be
their meeting place. The product also is produced in the neighborhood of the task.
To avoid clutter, Figure 2.16 leaves out the crucial fact that resource use is
idempotent (see Box 10) with respect to the place of a resource and the task that uses
it. The precision with which the task and resource must be colocated is the field of
the task. It is a feature of Use.

The Input Process closes the gap between a task and its resources, whereas the
Output Process conveys the products of a task to their destinations. The task is the
seminal object from which supply chains grow, and its input and output processes
are the seminal parts from which sourcing and delivery processes within a supply
chain grow.215

Qualification and Risk
We discussed qualification of resources in Section 2.1.1. A qualification is informa-
tion about a resource or resource group. A resource group is also a kind of resource;
see the recent discussion on information and documents. Figure 2.16 articulates
this. A qualification always qualifies a resource in the context of a task (or a class of
tasks). Figure 2.16 makes this explicit.

A task is also a polymorphism of a resource, inherited from Event (see Box 10).
Thus, a task also may be qualified in the context of another. The Metamodel of
Knowledge implies this. Similarly, a person or organization in an “RAWCF” role is
a resource that might have to be qualified for a task. The relationship between
Qualification and Resource in Figure 2.16 implies this. Skills, experience, and
credentials are all polymorphisms of qualifications, which might be needed by
people and organizations in the context of a task they must manage, execute, or
otherwise facilitate.

Thus, the skills that will qualify individuals to perform “RAWCF” roles in a
task are polymorphisms of the relationship that optionally qualifies a class of
resources for a class of tasks in Figure 2.16. Although they are implied, these inher-
ited relationships clarify and articulate the discussion in this section, as shown in
Figure 2.16. They are all subsumed and normalized by the generic relationship
between Task, Resource, and Qualification.

This relationship between Task, Resource, and Qualification is the seminal
relationship from which quality assurance and risk management processes emerge.
It is clear that the qualification in question might qualify resources and products of
the task, or the task itself, each in the context of the other. The risk associated with
the task also may be partitioned into components. Each object (and relationship) in
Figure 2.16 can potentially contribute to the total risk involved.
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215. Input and output processes are components of the Metamodel of Knowledge. Module 5, Section 3, discusses them in detail, under “Pro-
cess Maps,” “Supply Chains,” and “Business Process Engineering,” and “Crossing the Chasm—Business Process to Information Sys-
tems.” Module 5, Section 3, discusses Supply Chains. See these items on our Web site.
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We also know that Risk may be partitioned into different kinds of generic risks
described by the domains of information quality, such as Enumeration, Validity,
Accuracy, Reliability, and Exhaustivity (completeness) (see Box 30, and Rule 11 in
Box 16). Each of these domains measures a different kind of risk.

Task is a polymorphism of Process in the Metamodel of Knowledge. Every fea-
ture of Process is a potential source of information, and consequently a source of
risk in terms of its validity, reliability, and accuracy. Some features of processes are
in Boxes 30 and 10; features of processes are exhaustively listed in Module 5 on our
Web site. Each kind of risk may lead to quality assurance criteria for tasks,
resources, and products. The exhaustivity of our coverage of constraints on these
features is also subject to risk. Thus, Enumeration, Validity, Accuracy, Reliability,
and Exhaustivity of the features of processes, and of the contribution of each object
in Figure 2.16, may all contribute to overall risk.

Thus, the objects in Figure 2.16, the dimensions of information quality
(validity, reliability, accuracy, and exhaustivity), and features of processes, are all
dimensions of risk. Each is an axis in a multidimensional array216 for the (qualitative
or quantitative) measurement and classification of risk. In this array, risk analysis
may be made as granular or as gross as required. This is the universal risk
assessment framework at the heart of the universal themes of risk management that
follow.

The Project Management Body of Knowledge (PMBOK) [61] partitions risk as
follows.

• Performance Risk: Performance of resources, such as unproven technology,
unrealistic goals, and changes in standards or benchmarks. At the most granu-
lar level, performance risk stems from features of processes, such as cycle
times, resource engagement capacities, and others, described in Module 5 on
our Web site.

• Governance (Management) Risk: Quality of governance processes, such as
those that stem from resource allocations and management quality.

• Organizational Risk: Risk of conflicting priorities, goals, and resources.
• External Risk: Environmental risks, such as changes in regulatory, legal, and

political environments; the weather; natural disasters; or other kinds of force
majeure that cannot be governed.

Risks must be managed and addressed. The model of Tasks and resources in
Figure 2.16 and the components we discussed in Section 2.1.1 are a basis for identi-
fying and managing sources of risk. Management of the process that manages risk is
also a governing process and a task on its own, with its own subprocesses,
resources, and work products. The PMBOK identifies the following subprocesses
that, taken together, comprise the process that governs the Risk Management
process.

• Risk Management Planning addresses how risk management tasks will be
approached and planned.
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• Risk Identification addresses identification of risks that must be considered.
• Risk Analysis addresses assessment of the qualitative or quantitative impact

of risks on project goals and consequences.
• Risk Response Planning creates tasks and techniques to reduce the threats

posed by identified risks.
• Risk Monitoring and Control monitors the execution and tracking processes

for risk management tasks.

These are the common and universal themes for managing risk. We discussed
the universal processes for tracking, monitoring, and governance in Section 2.1.1.
These risk management processes are their polymorphisms. Readers interested in
more information about these themes may refer to [61] in the References.

Agreement and Ownership

Agreements and ownership are the basic building blocks of business. Figure 2.17
shows both from the Universal Perspective. We have discussed each object in
Section 2.1.1.

We have seen how meetings, negotiations, agreements, and disagreements are all
polymorphisms of Event, whereas the associated Terms and Conditions agreed to,
disagreed upon, or under negotiation, are all polymorphisms of Information. Thus,
Meetings, Negotiations, Agreements, and Disagreements inherit the properties of
relationships and processes, such as being contingent on, succeeding, preceding, or
including other events, and so forth.217 These events also could be meetings, agree-
ments, disagreements, or negotiations. Indeed, as we have seen in Section 2.1.1, they
are all states of Negotiation. On the other hand, Terms and Conditions will inherit
the relationships in Figure 2.15 from Information. Thus, strictly speaking, it is not
true that an agreement supersedes, implies, qualifies, or conflicts with another. It is
the terms and conditions of one agreement that supersedes, implies, qualifies, or con-
flicts with those of another. The Agreement itself is only an event that occurs. It can-
not, strictly speaking, supersede, imply, qualify, or corroborate another event, but its
terms and conditions may supersede, imply, qualify, or corroborate the terms and
conditions of another event (temporarily or permanently). Of course, if an event
truly conflicts with another event, because a mutually exclusive pair of events has
occurred in spite of the rule that asserts that they must not, then it means that an
exception has occurred. It is a violation of rules, and should trigger an exception pro-
cess (see Box 30). This kind of exception is different from the conflicting information
we discussed in Section 2.1.1. The conflict between agreements, technically speak-
ing, is not an exception pertinent to the agreement event; rather, it is a conflict
between the information with which the agreement is associated.

Information normalized by the event, such as the time of its occurrence, its
participants,218 and its place(s) of occurrence, also may be recorded in a document.
Remember that the meeting even may be a discussion by mail, spread over
dispersed participants. Its place is then an aggregation of the places that contain its
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participants. We discussed this kind of aggregate place in Section 2.1.1, and in this
section under Shipment and Transportation. Thus, the record in the document may
join all three—information on terms and conditions, the time, and the place of the
event. Indeed, documented agreements, disagreements, negotiations, and minutes
of meetings often do so. Of course, the place only can be recorded in terms of its
address in a document. We discussed this relationship in Section 2.1.1. The record
of the agreement is thus a polymorphism of the record of a meeting. Figure 2.17
articulates this pattern.

In Section 2.1.1, we have also seen how negotiations, agreements, and disagree-
ments inherit their relationships with participants from meetings. We have also seen
in Section 2.1.1 that a structure or aggregation of people and/or organizations is an
organization. Mediators emerge from structures of this kind. The fact that some
participants in a meeting optionally may be mediators is inherited from Structure.
Naturally, every negotiation, agreement, or disagreement also must have at least
two principal participants who are not mediators. This fact is also implied by Struc-
ture. The mediators and representatives in a structure must naturally mediate
between at least two nodes (see Section 1.1). Even if we do not know the precise
structure that changes a participant into a mediator, the fact that a person or organi-
zation is playing this role will suffice to distinguish a mediator or representative
from the principals in an agreement, a negotiation, or a disagreement.
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Figure 2.17 articulates that the binding of participants by the agreement is a
state of the relationship between Meeting and its participants. It is this state that
distinguishes the agreement from other states of Meeting. This relationship is transi-
tive with respect to the terms and conditions of the agreement. Thus, we can say that
the binding of the agreement binds its parties to its terms and conditions.

Information is always information about resources. We discussed this in Figure
2.15. Terms and Conditions are special polymorphisms of Information. We dis-
cussed this in Section 2.1.1. Thus, terms and conditions are always terms and condi-
tions about resources. Terms and Conditions may be infinitely varied, but a few
common patterns are worth mentioning. Many business agreements are associated
with goals, and the terms and conditions include these goals, statements of work,
and scope of the agreement. Agreements like these are often based on the following
patterns, their combinations, and variations.

• Fixed Price Contracts (equality constraints on the quantum of Funds involved
in the Terms and Conditions of the agreement)
• Cost not to exceed a given amount (upper bound on the quantum of Funds in-

volved in the Terms and Conditions of the agreement)
• Fixed Time Contracts (equality constraints on the duration of the Event

involved in the Terms and Conditions of the agreement)
• Duration not to exceed a given amount (upper bound on the duration of the

Event involved in the Terms and Conditions of the agreement)
• Reimbursable Cost Contract

• Limits on reimbursed costs
• Limits above which cost will be reimbursed (a cost deductible)

• Time and Materials Contract
• Incentive contracts

• Cost incentives
• Schedule incentives
• Volume or quantum of business incentives
• Shared risk and reward contracts (e.g., lawyer’s fees that are contingent on win-

ning a reimbursement in a court of law)
• Contracts that stipulate collateral resources to compensate for exceptions, con-

tingencies, or reduced levels of performance

Like any other object, the agreement may be an aggregate of other agreements,
each with its own terms and conditions. The features above may be attached to the
aggregate agreement, rather than to individual members of the aggregate. Thus, a
number of individual agreements may be packaged together into a cogent integrated
agreement.

Riders to a master agreement are also common patterns that temporarily or per-
manently supersede terms and conditions of the master agreement These riders are
also agreements with their own terms and conditions. The structures in Figures 2.17
and 2.15 provide a framework for agreements like these as well. Terms and Condi-
tions inherit the (optional) supercession relationship shared by all Information in
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Figure 2.15. This is another way in which agreements may be integrated. Change
management also fits into this framework.

Sometimes agreements are based on a “boilerplate,” which is a template in
which blanks are filled in and clauses added or deleted as the agreement is custom-
ized for each situation. For instance, insurance coverages are usually boilerplates in
which costs and prices are filled in as a person or organization is bound to its terms
and conditions. Similarly, many corporations have templates for contracts with
suppliers and customers. Your credit card agreement is an example. Where do these
templates fit into the model in Figure 2.17?

Objects may have initial (default) states.219 Terms and Conditions are objects.
The boilerplate is their initial state. Terms and conditions are also polymorphisms
of Information. This initial state is also therefore pure information. Information
must be formatted in at least one document (see Figure 2.15). The default state
therefore must be documented in some format, electronic or otherwise. These docu-
ments are physical manifestations of the boilerplate. The initial state of an object
might have unknown values (see Value in Box 30). Usually, unknown default values
are blank spaces that must be filled in within these “boilerplate” documents.

The null value articulates absence of meaning. Therefore, null valued features
should be absent on these boilerplate documents. However, sometimes the same
document may be a shared interface for several subtypes (variations) of a common
theme. Then, it might be expedient to represent with blanks those values that might
be null for some, but not all, subtypes. Sometimes the defining features in these doc-
uments also may be blank. For example, in a boilerplate for the terms and condi-
tions of an insurance agreement, the linkage to the agreement event (e.g., date, time,
and parties) may be intentionally left blank, because this is the facility that will help
an operator tie the terms and conditions to the agreement. The design, format,
expression, and the security of these documents are business process automation
issues. These documents reside in the interface layer of “The Architecture of Knowl-
edge” on our Web site; see Figure 15). We will therefore not stray farther into this.
The main thrust of this book is the topmost business theme layer of the architecture
of knowledge, whereas boilerplates are the link between pure meaning and business
process automation (or the lack of it).

Thus, the shared and universal patterns of information encapsulated in all busi-
ness agreements are normalized in the pattern of Figure 2.17. When we model
agreements of different kinds, it will often suffice if we structure them as we have
structured Figure 2.17, then add special features and constraints to it. However, one
kind of agreement is very special, and merits explicit recognition of its own special
features. This is the agreement that transfers the right to use or own a resource.
Remember that an Asset is a state of Resource. It encapsulates and normalizes the
fact of ownership. Agreements about ownership and use of assets are the hub
around which all business revolves.220 We discussed it in Section 2.1.1. We will now
elaborate on it.
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Buying, Selling, and Forging of Products

In Section 2.1.1, we saw why we must distinguish the physical transfer of resources
from the transfer of rights (e.g., the ownership or the right to use a resource). One
right relates to information. Its transfer may be a part of the terms and conditions of
a Negotiation or agreement, which we know is a state of Negotiation (see Section
2.1.1). Since agreements and disagreements also were states of the Negotiation in
Figure 2.5, this generalized Negotiation of Figure 2.5 has been abbreviated to
“Negotiation/Agreement,” or “NAG,” in Figure 2.18.

The Right to a Product
Not all rights involve use or ownership of products. Indeed, not even all rights about
products involve their ownership or use. For instance, a patent is a right to produce
a product. A contract may give a distributor the right to distribute a product, with-
out necessarily ceding ownership to the distributor, or giving the distributor the
right to use the product being distributed. The transfer of ownership or the right to
use a resource is a special right. It is also the right at the heart of all commerce. We
know from Section 2.1.1 that a resource thus positioned in the marketplace is a
business product.

The use of a resource is an event. This event also could be a business product,
even when the resource being used is not. For instance, a telecommunications net-
work may not be up for sale or lease, even if its use is. The sale or lease of a resource,
or the sale of its use, is a special case—a polymorphism—of an event that transfers
rights between the parties to a meeting. Figure 2.18 shows this.

The generic transfer of rights event in Figure 2.18 was hidden in Figure 2.5. The
transfer of a right is always negotiated. It cannot happen unless the transferor and
transferee, respectively, agree to divest and accept a right. Thus, the transfer of a
right is a polymorphism of Negotiation hidden between Negotiation and Transfer of
Possession in the hierarchy of Figure 2.5. Figure 2.18 reveals this hidden hierarchy.

Of course, it is always possible that the right may be vested in a person or orga-
nization, without the vesting person/organization losing it in the process. Informa-
tion is right, after all, and may be vested in several persons or organizations
simultaneously. We discussed the transportation of information between places in
Section 2.1.1 and this section. A person or organization vested with a right can be
considered a location of that right.

Figure 2.18 reduces clutter by not explicitly showing the rights to a product. It is
embedded and hidden in the many-to-many relationship between Product Rights
Transfer and Business Product in Figure 2.18. Figure (g) of Box 24 shows how
many-to-many relationships embed and hide objects. Figure 2.18 also hides the
generic terms and conditions shown in Figure 2.17. Instead, it shows some common
resources that these terms and conditions involve when the possession of, or the
right of use of, a resource or product is vested in a party to an agreement. The terms
and conditions of such agreements usually involve the terms of payment, the terms
of shipment, and naturally, the product in question.

Payment in Exchange for Rights
Remember that when goods and services are exchanged in payment, it is a form of
Exchange (see Section 2.1.1 on the Exchange event). Figure 2.14 makes clear that
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Shipment is the bridge between the terms of transfer of the product (or service) in
Figure 2.18, and the transportation process in Figure 2.14. The constraints on the
mode of transportation may be included in these terms; the mode of transportation
is a kind of Place. The return shipment in this exchange is a shipment of funds. Pay-
ment also must transport funds from the payer to the payee. Fund is a form of pure
information (see Section 1.1). Thus, the pattern in Figure 2.14 covers the terms of
payment for products and services sold. Payment assumes some kind of payment
instrument, such as cash, check, credit card, or letter of credit. We will discuss Pay-
ment and its terms under Patterns of Funding later in this section. The mode of
transportation in Figure 2.14 normalizes information on the kind of mechanism by
which the instrument of payment will be shipped. Naturally, not all instruments
may be shipped by all mechanisms. For instance, paper currency cannot be trans-
ported electronically in virtual space, but electronic expressions of Fund may.
Figure 2.14 articulates this pattern as well. It is subsumed in the relationship
between Resource and Transportation Mode in that figure.

The relationship between the mode of transportation and the payment instru-
ment is similar to that between Format and Medium (see Medium in Section 2.1.1
and Table 2.1). Just as Medium may exclude some kinds of Format, some modes of
transportation may exclude some instruments of payment. These rules might be
forged by law, convention (e.g., some telephone service providers will not accept
cash sent by mail), or forged by nature (e.g., the bar against transportation of paper
currency in virtual space). Constraints forged by nature are inherited from the con-
straint that bars some resources from certain modes of transportation. They are also
immutable and inflexible, and set in stone. On the other hand, constraints forged by
law or convention are polymorphisms that are not set in stone. They could be candi-
dates for process improvement. Box 62 has an example on our Web site.

Since the quantum of payment is ratio scaled information, a unit of measure is
automatically implied (see Box 30). This unit is the currency shown in which the pay-
ment must be made (see Fund in Section 2.1.1).221 The framework in Figures 2.18 and
2.17 is flexible. The terms and conditions of sale may or may not leave open the
currency and instrument of payment. It may or may not leave open the timing of the
payment. It may or may not synchronize payment with delivery and shipment.
Indeed, the terms and conditions may involve any resource. It is a potential inherited
from Information (see Figure 2.15). The flexibility with which terms and conditions
may be crafted, as well as their infinite variability, flows from this potential.

The payment instrument is an asset. It must be a resource owned by somebody
(i.e., a person or organization).222 Assets also may be used to secure, or guarantee, a
payment. Thus, when you check into a hotel room, your credit card may be used to
secure your payment, even if it is not charged at that time, and even if you later pay
by cash or use another credit card. Indeed, the asset that secures a payment need not
even be a payment instrument. For instance, a house that you own (i.e., an asset)
might secure your monthly mortgage payment to the lender for the money you bor-
rowed to buy the house. Similarly, your assets may secure your repayment of the
money you borrowed to send your children to college. The relationship between
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221. Chapter 4, Sections 2 and 3, in [337], discuss money.
222. Assets normalize the fact of resource ownership. Assets were discussed in Section 2.1, under Figure 2.3.



Asset and Payment in Figure 2.18 articulates and generalizes these kinds of relation-
ships. The meaning of Collateral emerges from this relationship. It is a role of Asset.

An invoice records a request for payment. In other words, it records in a docu-
ment a payment in a requested state. Similarly, a receipt is a document that records a
payment in a paid-up state. Both are records of payments in different states. We
could generalize both concepts and subsume them into a general nameless docu-
ment that records the state of Payment. This document may switch between
polymorphisms in step with the state of the payment it records. Thus, a paper check
may be a payment instrument that also becomes a receipt after the bank endorses it.
Indeed, checks, invoices, receipts, and other records of the payment event in differ-
ent states are merely manifestations of this general, nameless document.

A payment, like any other object, may be aggregated. Thus, the payment
against an invoice or receipt may aggregate payments for several items. Each pay-
ment also may be a partial payment. These partitions of Payment are compositions
embedded and hidden in the relationship between a Payment and its documentation
in Figure 2.18.223

Sometimes, we may not have the information that links a payment to individual
line items. Then, all we can do is link it to the amount of the invoice or receipt.
Sometimes even this may not be possible. We may have received payment that is not
even explicitly linked to an invoice. Then, all we can do is to apply it to the payer’s
account as a whole. If the payer is unknown, the payer’s account also will be
Unknown. Information we receive afterwards, or standing instructions that are part
of the terms and conditions, may help us allocate these gross amounts with more
accuracy. Similarly, payments made by different payment instruments, and in dif-
ferent currencies, also may be rolled up into aggregates. The three partitions of
the payment event—partial or full payment, payment instrument, and payment
record—are independent of each other. This independence, and the ability it gives
us to slice and dice partial or full payments as we apply them to the items for which
they are paid, lays the groundwork for being responsive to customer needs in a
global, multicurrency, and yet integrated environment. It gives us this agility by
being equally flexible in recording and measuring the financial impact of payments
in different currencies, with different levels of accuracy on multiple aspects of a
complex business. It is a topic we will hold in abeyance until we discuss patterns of
funding later in this chapter.

Provisioning the Product
We have recently discussed why Transfer of Rights is a Negotiation and therefore
an Exchange. An exchange of information needs a route. When the exchange also
envisions moving the product or service to make it accessible to a user (who may or
may not be the buyer), it also must be conveyed on a route. This route need not be
the same as the route for exchange of information in the negotiation, but it is still a
Route, and a Distribution Channel. Figures 2.18 and 2.14 articulate these facts.
Indeed, the transfer of possession event in Figure 2.18 may (optionally) include in its
terms and conditions, information about the route by which the product or service
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223. Recognizing that Payment is linked to its documentation in this way would have saved Jim and John of Box 8 much trouble, as they tai-
lored their business processes to fit changes in their business environment. Recognizing the Universal Perspective would have helped
them to be responsive, rapid, flexible, and correct, all at the same time, and all the first time around.



will be conveyed to the user. Thus, it is linked to a distribution channel transitively
through Shipment. It follows that the Market Segment in Figure 2.18 will have two
potential dimensions in terms of distribution channels—those used to communicate
while negotiating or sealing the negotiation, and those used to physically ship the
business product to its users. See the discussion in Box 24 to understand how Mar-
ket Segment is derived from the rights transfer event in Figure 2.18.

Indeed, a shipment might aggregate many products, sometimes from different
parties who might share the same vehicle (or the shipping mechanism) in order to
realize economies of scale. It might consist of multiple consignments with different
destinations (nodes) on the route. There may be complex rules about what kinds of
products may be combined in a shipment, and what routes are permitted for which
products. We discussed these rules with Figure 2.14. They have been hidden in
Figure 2.18 to minimize clutter.

Provisioning does not always imply conveyance of resources on a physical
route; it is a more general concept. The intent of provisioning is to give the user
access to the purchased products and services. Access also might involve setting up
the user on the system. For example, a firm might sell settlement and trading ser-
vices for financial securities. It also might provide the software for trading and set-
tling securities. Customers who subscribe to the firm will receive the software to
enable them to connect with the firm’s database of securities up for sale. However,
customers also must be activated and registered in the firm’s customer database
before they are allowed to trade. Thus, to access the service, customers must be acti-
vated (in the computer system), and users must receive the physical shipment of
software. They are subprocesses that, in conjunction, give the user access to the pur-
chased service. Thus, the provisioning and conveyance composite of Figure 2.18 is
more generic than conventional concepts of shipment, transportation, and distribu-
tion of physical goods. It is a supertype that subsumes physical transportation and
more. Figure 2.18 makes this clear.

A product cannot be used unless it is provided, although the converse is not
true. A product may be provided, but may not always be used. This is articulated by
the subsetting constraint between business product use and business product
provisioning in Figure 2.18. Indeed, the provisioning of the product is a special case,
a polymorphism, of the generic provisioning of a resource that permits its use. The
use of a resource, as we saw in our discussion of Figure 2.16, is through one or more
tasks. The use of a resource by a task is contingent on the input process (see Box 30).
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Indeed, any Planned Amount may be partitioned in many different ways. Estimation is
a frequently used polymorphism of the planning process. Estimated Amount is a
generic polymorphism of Planned Amount. Expectation is a kind (polymorphism) of
Estimation. Thus, Expected Amount is a polymorphism of Estimated Amount. For
instance, a fund might accumulate payments made by checks that have not yet cleared,
because the amount is expected when the checks clear. The fund is then a fund of
pooled Expected Amounts. Estimated Fund Amounts, like budgeted, pledged, fore-
casted, and expected funds, are all polymorphisms of their generic parent, the generic
Planned Amount.



The input process provisions a resource for use by a task, and the use of the resource
is contingent on it. The provisioning relationship in Figure 2.18 is a special case,
applicable to a resource that is a business product, and one in which task informa-
tion may or may not be missing. Similarly, the Task(s) were “unknown” in the
derived and summarized “use” relationship in Figure 2.16.

Figure 2.18 also articulates the fact that a person or organization may support
another. It is a form of collaboration, as discussed in Section 2.1.1. That support
may be in the context of a product. The support person or organization may
support a product for another person or organization; indeed, the relationship does
not preclude self–support, it is reflexive on Person/Organization.224 This support
relationship between Person/Organization and Business Product is a polymorph-
ism of the more general Manage relationship between Person/Organization and
Resource in Figure 2.16.

The Market and Its Demand Chain

Features of products are inherited from Resource (see feature in Box 30).225 Like the
resource groups of Figure 2.15, features may form feature groups. Thus, the color of
a car is its feature, and so are its financing options, some of which, for instance,
might be only offered with a burglar alarm, another optional feature of the car.
Inclusion or exclusion of features in a group restricts membership of the group. It
tells us what features may or may not be bundled together in the product. A
restricted group has fewer degrees of freedom than an unrestricted group (see Box
30). A group that restricts membership is therefore a subtype of the group that does
not (see Box 14). On this basis, Feature Group is a subtype of Feature, and therefore
a feature with an identity of its own. Feature Group will inherit all features of fea-
ture in Figure 2.18, and from the Metamodel of Knowledge in [337].

Features of products and services should satisfy one or more Market Needs that
flow from the goals of the communities in Box 21. Naturally, a business product
should have features that make it useful to one or more of those communities (a dic-
tum often followed in the breach, as lessons learned from failed products show).
However, some stakeholder needs may be insatiable, or unsatiated—there may be
no features that address them. Conversely, a feature may have little value; it may
satisfy no stakeholder need. It will then be a candidate for reengineering or a target
of obliteration. The many-to-many relationship between Feature and Stakeholder
Need also implies that many features may address a single need, and some features
therefore may be redundant. Those also could be targets of product reengineering.
Optionality of the many-to-many relationship between features and market needs
in Figure 2.18 flows from features that address no market need on one hand, and
market needs not addressed by any feature on the other.

Sometimes, a feature may be of worse than marginal value. It might be a hin-
drance and cause dissatisfaction. Removing the feature then will increase the value
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224. If the person/organization supports the product for all organizations, then the “value” of the organization in the relationship will be
“Don’t Care.” See “Value” in Box 30. Box 51 on our Web site has more detail.

225. Module 5, Section 3, discusses Feature under product reengineering. Also see Module 6, Section 2, Box 62, and Figure 107, all on our
Web site.



of the product to the constituency it serves. For instance, constraining a check to be
a paper document can increase handling costs and delay payment, as it is physically
transported from payer to payee, whereas an electronic payment might be faster and
cost less to process. Features like these are also candidates for reengineering and
innovation.226 Often the challenge in process and product design is to balance the
needs of the communities in Box 21. Features that satisfy one community or group
of communities might be a hindrance to one or more of the other communities.

A Market Segment shares these needs and satisfactions. The NAG object in Fig-
ure 2.18 is a higher order relationship, an associative object that is the basis for this
market segment. Box 24 shows that Market Segment is a Borel Object. Box 24 dis-
cusses how every association implies a corresponding Borel Object. It describes the
laws that connect these Borel Objects to the associations from which they were
derived. A market segment is a polymorphism of a Borel Object. It is also a core
concept at the heart of the Demand Chain, and the foundation of useful innovation.
It is a concept used and reused all the time in business, and a component of knowl-
edge that resides in the Universal Perspective—a component that grows from the
Borel Object in the Metamodel of Knowledge.

Forging and Positioning Products
In information space, a product or resource is the collection of its features.227 The
products of Figure 2.18 could be individual services, such as an insurance policy;
individual physical items, such as a car; packages of several services or physical
items bound into a product; or even services packaged with tangible physical items,
such as a car with a warranty and 24/7 customer service, or a computer with infor-
mation on upgrades or new features, membership of chat rooms or communities of
interest, and so forth.

Forging a resource (and therefore its polymorphism, the business product)
involves forging its features and tying them to a single object. Of course, we may
also do this by combining and packaging resources into a composite object. Add
temporal information to this relationship in Figure 2.18, and it becomes the Make
process. Make is not necessarily restricted to the production of a single feature; it
may produce many. Conversely, there may be different processes that can all pro-
duce the same feature. This is why the relationship between a Feature and Process is
many-to-many in the figure. It tells us that there may be many different ways of
producing the same feature. See details in Module 5, Section 3, on our Web site,
under supply chains. See also the SCOR supply chain model on our Web site.

Turning a resource into a product involves positioning it in the marketplace as a
desirable product with a proposition—a resource that helps satisfy a Market Need.
It amounts to attaching the right qualifications and credentials to the resource to
create the right beliefs, which should be aligned with its features and satisfactions,
in target market segments (a state of Market Segment). We discussed qualifications
and belief in Section 2.1.1. The processes that change a resource into a business
product consist of processes that change the state of a market segment to a target
segment; change the state of a resource to a business product; obtain the necessary
credentials; and create the requisite qualifications and beliefs, which are all a part of
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226. Box 62 on our Web site discusses Feature in more detail, with an example of product reengineering.
227. Module 6, Section 2, on our Web site discusses the metamodel of feature.



the demand chain. The demand chain analyzes customer needs, designs products
and services to satisfy those needs, and positions the product in the market (see
Figure 2.22).

Several processes might be involved, such as market and consumer research that
leads to product designs, user communications, product positioning, and others.
The features of the sale event (the NAG in Figure 2.18) address the basic features
that constitute the state space of a market. Market research and industry experience
can enhance these features and elaborate on them. Market research gathers data
about the marketplace and can identify the dimensions, beliefs, attitudes, concerns,
and habits that influence consumer or buyer behavior. Product engineering parame-
ters also may be added to the list. These parameters and features define the dimen-
sions of the state space that constitutes the market. Regions of the state space may
be carved into segments, depending on the homogeneity of needs, and the cohesive-
ness of patterns in this state space. Simple intuition and common sense, or complex
techniques and pattern recognition methods, may be employed.228 The state space of
markets was discussed in Section 2.1.1 (see Markets and Market Segments, Boxes
24 and 25).

Positioning a product also may involve special promotions, events, and a host of
other processes. They are details that have been hidden in Figure 2.18. They would
all link to the NAG, and thereby provide the grist for more dimensions of market
space and market segments (see Box 24). Thus, for example, we might measure the
impact of specific kinds of promotions on specific kinds of products, or we could
measure the cost of promotions versus their impact on revenues by geographical
footprint, and so forth. The possibilities are enormous and varied, but they are all
framed by the pattern in Figure 2.18.

Integrating the Supply Chain
Taken together, buying, selling, delivering, and forging products translates to
“Supply Chain” (see Module 5 and “Supply Chain Standards” on our Web site).229

Supply chains are polymorphisms of Figure 2.18. The flow of time, added to the
relationship between Resource Group and Resource, corresponds to the Make
process at the heart of supply chains. The flow of time, added to the relationship
between Feature Group and Feature, bundles features that may or may not be
offered together, or may mutually interact or have synergies that also are features
of the resource. Business Product inherits these properties from Resource (see
Figure 2.18).

Giving the user (or customer) access to the product as stipulated by the terms
and conditions of NAG amounts to delivering the product. It becomes the delivery
process when we add information on cycle times and temporal sequences to this
relationship. See how the Universal Perspective generalizes the meaning of “deliv-
ery” under Provisioning the Product. Sourcing processes are polymorphisms of the
generic input process in the Metamodel of Knowledge, delivery processes are
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228. Chapter 4, Section 1, in [337], addresses the architecture of patterns and pattern recognition.
229. Chapter 5, Section 2, in [337], describes supply chains. See “Supply and Demand Chains” on our Web site. The SCOR supply chain

under Supply Chain Standard describes polymorphisms of processes for sourcing resources, making, and distributing products. See also
the discussion under Figure 107 on our Web site.



polymorphisms of the generic output process, and Make is a polymorphism of the
generic transformation process in Box 30.

Figure 2.18 tells us that resources may be combined into resource groups. When
different firms are responsible for different resources in a resource group (e.g., ser-
vices, warranties, physical items with engineered features), which are then joined
into a cogent package offered in the marketplace as an integrated business product,
then we get complex and dynamic supply chains. Rosettanet and the Netmarket
supply chain models are examples, described under “Supply and Demand Chains”
on our Web site. All supply chains flow from the Universal Perspective, which is
their common home and the immutable anchor for things dynamic and things that
must flex. This section has made that clear.

Fund and Payment

Business is about creating value. Funds measure value. Funds are central to the busi-
ness of business. Our focus now will shift to funds and payments. A Fund may be a
pool of money. Pools of money are also known as Financial Accounts. Financial
Accounts classify Fund by purpose, product, place, and other features. Payments are
also funds. They are funds in motion. Payments are often the last leg of an exchange.

Payments and Receipts
Money is pure information about economic value (see Fund at the beginning of this
chapter). Pure information only can be manifest when it is associated with a physi-
cal token. See details in Chapter 4 in [337]. See also Box 38 on our Web site. The
exchange of value needs a token—a symbol to be manifest in the physical world.
This token is the Payment Instrument of Figure 2.19. It might be a check, paper cur-
rency, gold, or any other widely accepted medium of exchange. To be accepted, it
must be qualified as such. People and organizations must believe that it will be hon-
ored, and will actually transfer economic value (funds). Figure 2.19 articulates this.
This belief is usually anchored by some kind of credential. For instance, banks guar-
antee letters of credit, credit or debit cards and demand drafts, and the federal gov-
ernment guarantees the money it prints, and so forth. An ordinary check, of course,
is not certified by anyone but its signatory(ies).

An exchange may be barter. We discussed exchanges in Section 2.1.1. When the
exchange is underpinned by a token that conveys compensation for goods or ser-
vices transferred, it is an instrument of payment. Payment may be an outgoing or
incoming payment. Incoming payments are sometimes called Receipts. However, as
we have seen, the payment event is distinct from Receipt, the document. This dis-
tinction must be maintained at all times in the Universal Perspective. This classifica-
tion of payment into outgoing and incoming payments is based purely on the
perspective of the payer and payee. If we switch perspectives, the incoming payment
will become an outgoing payment, and vice versa. We discussed this in Section
2.1.1. For this reason, when payments are accumulated in pooled funds, incoming
payments are balanced by a contrafund that reflects the same payment from the per-
spective of an outgoing payment. Figure 2.20 shows that it is a special case, a poly-
morphism of the pattern in Figure 2.19, that accumulates payments in pooled funds,
also known as Financial Accounts. It is a common accounting principle dubbed
“double-entry bookkeeping.”230
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Thus, when a payment is applied to, and accumulated in, an accounting fund
that conforms to Generally Accepted Accounting Practices (GAAP), it also must be
applied to the contrafund. Figure 2.19 does not show this graphically in order to
minimize clutter, but Figure 2.20 shows this rule. The pooling of payments in funds
in Figure 2.19 is a generic practice that need not always conform to the GAAP. Pay-
ments may be pooled in funds to informally monitor business activities. This is why
the lower bound of the generic relationship that applies Payments to Fund Amounts
in Figure 2.19 has been shown as one (i.e., a payment must be posted into at least
one fund). However, if it is a financial accounting transaction that conforms to
GAAP, this lower bound will be two. The transaction will post the expense or reve-
nue payment to a pair of contrafunds. Figure 2.20 makes this explicit. This kind of
application of a payment to fund amount is a special polymorphism of the generic
relationship in Figure 2.19. It is a financial accounting relationship, which becomes
a transaction and a process when the flow of time is also considered. We will return
to it when we consider processes for accruing expenses and revenues later in this sec-
tion. Note also that different books of accounts are sometimes needed for different
purposes. For instance, different roll-up hierarchies may be attached to each view of
Organization in Figure 2.13(b). Then, the same payment may be posted in different
pairs of contrafunds—each pair a different partition of Fund, in a different book of
account.

Allocation of value in terms of costs, revenues, or other kinds of funds, also
could be considered kinds of payments.231 Allocated value is a subtype of Payment,
because it is an attribution of economic value that transfers value from one class of
pooled funds to another. It is a kind of payment that is independent of payments
that spring from the direct commercial exchange of goods or services. The two
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230. The GAAP, which is an acronym for Generally Accepted Accounting Practices, a set of accounting principles accepted by Certified Pub-
lic Accountants (CPAs) in the United States, has more detailed rules, but those are beyond the scope of this book. Interested readers may
refer to [134, 137–139, 142], and the links therein, or to several publications on accounting practices freely available in the marketplace,
for more information.

231. Module 5, Section 3, on our Web site, discusses allocation under “Added Value” and “Activity Cost.”

Payment

Apply to 2
[accumulate 0
or more]

Mutually inclusive
relationships

Fund amount Fund (financial account)

Instance of
Payment

Subtype of
Subtype of

Accumulate in
1 [feature 1 or
more]

Apply to 1 or more
[accumulate 0 or more]

Instance
of fund
amount

Instance
of fund
amount

Accumulate in 1 or more
[feature 1 or more]

(instance of fund)

(instance of fund)

Contra to 1
(symmetrical
relationship)

Figure 2.20 Double-entry bookkeeping.



kinds of payments are different partitions of the generic payment event of Figure
2.19, just as is partitioning Payment into incoming and outgoing payments. Simi-
larly, adjustments are payments that correct perceived inaccuracies in a pool of
funds. For instance, corrections to compensate for incorrect or cancelled transac-
tions, reversals, write-offs, and the like are often accounted for by adjusting the
pooled value in an accounting Fund. Note that some payments may have negative
amounts, such as downward adjustments for returned goods, write-offs, and so
forth.232 Figure 2.19 shows each of these common classes of Payment. They are all
funds in motion between classes of Funds. Each is featured by the quantum of funds
being transferred between classes of pooled and summarized funds.233

Hierarchies of Funds
A Fund is pure information on economic value. Funds may consist of other funds. It
is a fact inherited from Resource. Funds may be pooled in hierarchies of funds that
roll up and summarize the net economic value of their constituent funds. A fund,
like any resource, may simultaneously belong to several hierarchies (see Box 11).

A fund is described by its purpose and its features. These features may be rela-
tionships with people, business products, goals, and so forth. For instance, a fund
might carry information on who (which person or organization) incurred the
expense (or earned the revenue), what it was for, why it was incurred, and so forth.
The fund might be a budget (i.e., a polymorphism of Plan and Fund), actual expen-
diture (or revenue), and so forth. These are all different states or classes of funds.
Figure 2.19 has a few typical examples. The quantum of a fund is evaluated in terms
of its amount. The amount of a fund, unlike the money domain it maps to, is an
object with states. For instance, a line item in a budget is an instance of a fund with
an amount for every budgeted period. Each time slice is a fund, which is an instance
of the class represented by the line item. The line item in turn is an instance of the
category(ies) it rolls up into. These temporal instances also may be considered the
planned state of the fund at those times. Each is a time slice.234 The time slice (techni-
cally called a fiscal period in financial accounting terminology) and the category
together uniquely identify the amount. Figure 2.19 shows this.

Date-Time is a difference scaled domain (see Box 30, under Domain), and time
periods are ratio scaled differences between times. Chapter 4, Section 3, in [337],
discusses how the Metamodel of Knowledge “knows” this. See “Metamodel of
Domain” on our Web site. A time slice may be a part of another, just as a class of
funds may be a part of another, inherited from Resource [see Figure 2.11(a)]. For
instance, a line item in a budget may have an annual amount earmarked for the pur-
pose. The line item also may have monthly amounts earmarked for the same pur-
pose. Naturally, the monthly amounts must roll up into the annual amount, because
a month is a part of the time period we call a year. Figure 2.19 shows this. The sum-
mation of fund amounts may be by time period, or by class of fund.235 Rules 5(b) and
5(c) of Box 16 make clear that we cannot sum across partitions, and that we may
only sum amounts of subtypes (or instances) in the same partition. Otherwise, we
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232. Readers interested in more information about accounting adjustments may consult [136].
233. Transferring funds between people or organizations also changes the classification of the fund in terms of its possession (or manage-

ment). Thus, payments between people and organizations also may be considered transfers of funds between different classes of funds.
234. Chapter 2, Section 2, in [337], describes how object instances are time sliced into states. See Figure 22 on our Web site.



could end up by accumulating the same amount multiple times in a summation (as
evident from Figure 2.21). Thus, these rules, normalized by domains, ensure
that amounts in different roll-up hierarchies stay consistent with each other.
Furthermore, these rules ensure consistency between roll-up hierarchies by class of
Fund, or by time period for a given instance of fund, or by a combination of both.

The summing of individual amounts in a hierarchy of funds is a polymorphism
of the fact that funds may consist of other funds. Box 31 tells us why, and Figure
2.19 articulates this fact, inherited from the logic of ratio scaled domains and
polymorphisms of the fact that one object may be a part or an instance of another.

Differences between amounts also are a polymorphism often used to track the
similarities of fund amounts, or to compare intent with reality. Figure 2.19 shows
this, but leaves out the fact that differences are subtypes in a different partition of
the same objects as sums. This structure was hidden in Figure 2.19 to avoid clutter.

Patterns of Allocation
Funds may be allocated to other funds in any arbitrary way, provided that the con-
straints imposed by the rules in Box 16 are followed, and that incoming payments
are balanced by a contrafund that reflects the same payment from the perspective of
an outgoing payment. It is a common accounting principle dubbed “double entry
bookkeeping,” which we discussed under payments.

Most allocation methods involve either dividing the amount to be allocated
equally between the funds to which it is being allocated (e.g., by allocating a fixed
amount to each fund, or by dividing a fixed amount equally between accounts), or
prorating the allocation in proportion to some ratio. The ratio may be set arbitrarily
or calculated. Calculated ratios are based on features of object classes, such as
population (e.g., numbers of widgets sold), amounts (e.g., fund amounts), and so
forth. These ratios are often based on enumeration of object instances and the
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Figure 2.21 A Fund may belong to several roll-up hierarchies simultaneously.

235. The complete set of parts, taken together, expresses the whole, and hence, collectively, the aggregate is a subtype of the whole (Box 14).
Rules 3 and 4 of Box 16, in conjunction with this fact in Box 14, enable the Metamodel of Knowledge in [337] to “know” that a com-
plete set of ratio scaled values that constitute a whole may be rolled into the whole by summing them up. See Box 31.



2.1 Universal Perspective, Universal Pattern 207

Box 31: The Paradox of Sums and Differences

A summarized fund is a stock theme—a topos. To many readers, it
will seem that the pooled fund, which sums the amounts it pools from its con-
stituent funds, is a supertype of the funds that it pools, because it contains less
information than its constituents. The constituents are the details that elabo-
rate on the pooled summary. Reality contradicts this. The pooled fund is the
subtype, and its constituents are its multiple parents. To understand why, we
must understand that a sum has no independent existence; that is, it is derived
from its summands. Therefore, we cannot consider the sum in isolation. We
also must consider its relationship with its summands. A subtype is a polymor-
phism of a part (see Box 12). The domain of sums is a subtype of the domain
that it summed because each sum also implies, through its inverse, all the
quantities that were summed to produce it (Chapter 4, Section 3, in [337], on
ratio scaled domains). The topos of sums carries this information within it.
The automated systems we implement often ignore this information. Without
it, we cannot drill down to see the constituents of a sum. Figure A makes this
clear. The topos of sums carries information on its constituent amounts as well
as the meaning of arithmetic summation. It has more information than the
domains that were summed. The sum is the subtype. Thus, the subtyping rela-
tionship in Figure 2.19, which asserts that the summation of amounts is a sub-
type of the relationship that makes funds consist of other funds, is consistent
with Box 12, which asserts that a subtyping relationship is a polymorphism of
the Part of relationship. Summation is included in that rule. It is an inclusion
polymorphism that occurs when ratio scaled information is involved.

Sums and Differences convey more information than their constituent
amounts.

The topos of differences is similar to the topos of sums. Rule 3 of Box 16
tells us this.236 Chapter 4, Section 3, in [337], on ratio scaled domains tells us
why. We discussed the tracking process in Section 2.1.1. The difference
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proportionate populations of subtypes in the class, or on the proportionate value of
some class level attribute of the subtype (e.g., sales volumes) compared to that of the
overall class. For instance, the cost of heating a building might be allocated to indi-
vidual departments in the ratio of the floor space they occupy. In this case, the
object class is Construction (see the section on polymorphisms of physical objects in
Section 2.1.1), and the feature in question is floor space. The subtypes of this object
class are the parts of the construction occupied by different departments. Rule 5 of
Box 16 frames the rules for computing these kinds of allocation ratios in a consis-
tent, nonoverlapping way [see especially Rules 5(f) and 5(g)].

These rules protect against multiple overlapping allocations of the same amount.
However, in some cases, the same expense may be allocated, or the same revenue
recognized, multiple times when the performance of people or organizations is being
measured. For instance, if multiple departments are involved in winning a new
customer, management might determine that corporate synergies will be best pro-
moted if each department is given full credit for entire revenue stream from the new
customer, even if it means that the same revenue is counted multiple times. Contrast
this with an approach that divides the revenue stream between departments in some
ratio, and does not permit overlapping allocations and double counting of revenues.
Overlapping allocations focus more on metrics for motivating and governing teams,
and less on accounting accuracy. They are, strictly speaking, not accurate measures
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236. Differences, or gaps, between amounts are framed by Rules 3, 7, 8, and 9 of Box 16.
237. Performance measures recommended by GAAP are in [140–142].
238. Quotients are rates. For example, the ratio of last year’s sales to this year’s, the ratio of prices last year to those this year, and growth

rates in terms of percentages. They all map to the domain of quotients. The domain of gaps is ratio scaled for ratio and difference scaled
domains. Quotients of domains of gaps with other ratio scaled domains measure rates of change and are domains of growth. Note that
domains of change/growth do not always mean growth or change over time. (Details are in Chapter 4, Section 3, in [337].)

between amounts is a subtype, a polymorphism of the generic proxim-
ity metric of Figure 2.5. Differences between fund amounts are also
fund amounts, but these funds are now tracking funds, such as objects
used to measure deviations from budgeted amounts, or growth/shrinkage of
like amounts between time periods, and so forth. Indeed, items such as income
and profit also are a polymorphism of funds that track. For instance, income
tracks revenues against direct cost, and Profit tracks Income against total cost.
Figure 2.19 asserts this with examples. Figure B in this box shows the corre-
sponding instance level structure. It is clear from Figure B that the topos of dif-
ferences carries within it the drill-down capabilities to show how these
differences were derived, just as the topos of sums had drill-down capabilities
to show the constituents of each sum. These kinds of derived funds also can
lead to objects that use other kinds of tracking metrics, like percentage growth
or proportionate differences that map to the domains of growth (see Chapter
4, Section 3, in [337]). Performance measures recommended by GAAP are in
[140–142].237 These facts, along with drill-down and analytical capabilities,
are common to objects that have ratio scaled attributes, and are normalized in
the corresponding domains of sums, differences, and growth.238
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of Fund Amount, and overlapping revenues must not be included when the revenues
generated by each department are rolled up into the firm’s total revenues. Otherwise,
the same revenues will be counted several times. Our focus here is on Fund and its
representation, not on methods for motivating staff. Fund is the ambit and scope of
the pattern in Figure 2.19.

Common Subtypes and States of Funds
Funds always reference some resource or purpose. The characteristics of resource(s)
involved are one basis for classifying funds. Figure 2.19 has a few common
polymorphisms of how funds may involve resources. Polymorphisms of the involve-
ment relationship between funds and resources are another basis for classifying
funds. The resource involved may be a market segment. Market segments were dis-
cussed in Section 2.1.1, Box 24, and under patterns of buying and selling. From
those discussions, it is clear that Market segments are Borel Objects. For the same
reasons, aggregations of resources also may be Borel Objects. Thus, the pattern in
Figure 2.19 involves Borel Objects. The Borel Objects give us an enormous amount
of flexibility in measuring the financial impact, or in earmarking funds, for market
segments and resource groups sliced and diced in different ways to facilitate man-
agement accounting and business analysis. For instance, revenues, budgets, and
profitability may be analyzed by customer, by geography, by product or service
characteristics, by promotional events and their characteristics, by products and
services packaged together in different geographies, and so forth.

The relationship a Fund has with a resource or resource group, despite the enor-
mous flexibility implied by this relationship, is merely one way of partitioning
Fund. We also may partition funds based on the states or subtypes of Fund Amount.
These partitions are independent of the partitions based on the relationship between
Resource and Fund.

For instance, we recently discussed how a fund amount might be in a planned
state. This is usually a Budget Amount, and the fund is then a Budget. As opposed to
being a planned amount, the amount may have been incurred. It is then an Actual
Amount. Budgets and Actuals may be in an Approved, Disapproved, or Pending
Approval state. These are subtypes in a different and independent partition of Fund
Amount, based on an approval process. Sometimes an amount may be pledged, but
not actually paid into a fund yet. This is another common polymorphism of Planned
Fund Amount. A Pledged Amount may be independent of Budget Amount. Pledged
Amount and Budget Amount are subtypes in two different and independent parti-
tions of Planned Fund Amount.
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The composite process in Figure 2.18 provides the product or service to the user in the
sense that the user gets access to the agreed-upon rights when the process culminates.
Access does not always imply physical transportation of physical objects. For instance,
you get access to an e-mail service when your account is activated. This process delivers
the service to you. Shipping a product is only one method of delivering it. Bear this in
mind when you use the Universal Perspective.

Figure 2.18 provides the leeway for the actual provisioning method from being
different from that in the terms and conditions of the “NAG.” Although the informa-
tion content of the provisioning relationship between Person/Organization and



We also may classify fund amounts based on the kinds of payments they accrue,
and characteristics of those payments. Thus, there may be funds that accumulate or
net allocated amounts, adjustments, direct costs, revenues, interest, and so forth.

Fund amounts also may be subtyped based on their relationship with Payment.
For instance, funds may be marked open or closed. Payments may be accumulated in
open funds, but not in closed funds. A fund amount may be flagged as unavailable
for payout (e.g., outgoing payment), but open for accumulating incoming payments
(e.g., checks pending clearance). A fund amount also may also lapse; that is, become
unavailable or for all transactions (except perhaps the transfer and disposition of any
residual amount). The availability of a fund amount to accept incoming payments is
in a different partition from its ability to make outgoing payments. Of course, a fund
may be termed “frozen” if it is rendered inoperative in both partitions.

A Fund, like any resource, may be a Baseline. Baselines are reference objects
used by tracking processes. Tracking processes compare characteristics of that
which they track against a reference object called the Baseline. They measure devia-
tions in terms of a Proximity Metric. We discussed this in Section 2.1.1. The Base-
line is a subtype in a different and independent partition from those we discussed
above. For instance, different versions of a budget may be compared against a base-
line budget. Similarly, Actuals may be tracked against a budget, in which case the
budget is playing the role of the baseline.

A financial account (fund) may be deemed to start (i.e., be declared valid) from
a given time, or may be within a time slot. The lapsing of a fund is one aspect of this
kind of behavior. A fund deemed valid emerges into a valid state, and a lapsed fund
becomes an invalid fund after it lapses. Like all states, the state of a fund or fund
amount may occur only in certain time slots, or from certain times. Thus, the
closure, lapsing, availability of, and other states of funds and fund amounts may be
tied to a calendar of events. Figure 2.19 articulates this. This is a polymorphism of
resource life discussed in Module 5 on our Web site.

The polymorphisms of Fund that we have discussed in this section are by no
means exhaustive. They are the polymorphisms that we find most frequently. Fund
is a fundamental polymorphism of the primal object that is of utmost importance to
business. It belongs to the Universal Perspective, from which all perspectives flow.
Each perspective or accounting model may have special rules, states, features, and
polymorphisms of Fund, but they all will flow from the pattern in Figure 2.19.

Accrual, Deferral, and Interest on Funds
We know that some funds, like our savings accounts, earn interest, and that many of
us pay interest on funds we have borrowed, like the mortgage loans on our homes.
Both incoming and outgoing payments could be interest payments. Interest pay-
ments are a special polymorphism of Payment. Interest payments are special
because they involve both a fund amount and the flow of time. It follows that the
accrual of interest is a process (see Box 10). The relationship between Payment and
Fund in Figure 2.19 is thus a process. The flow of time is hidden within it.
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Business Product is identical to that of the provisioning object attached to the rights
transfer event at the class level, the two of them need not be the same instance of the
class. Figure 2.18 reiterates this.



This relationship is actually a third-order relationship. It also involves the Fund
Amount. That leg of the relationship has been hidden in Figure 2.19 in order to min-
imize clutter. The interest rate is also embedded and hidden within this relationship
in Figure 2.19. It is a common pattern that most of us know well. The relationship in
Figure 2.19 is a process and a ratio scaled rule (see Box 10). The interest may be
compounded, so that each interest payment is the product of the interest rate and
the amount accumulated in Fund amount at the time. It also could be simple inter-
est, in which the interest payment is based only on the initial state of the fund. Both
are polymorphisms of the generic relationship in Figure 2.19. Both polymorphisms
are ratio scaled rules used and reused in many contexts, across several perspectives.
The Universal Perspective is their home.

Sometimes funds and payments also might be insured, which is a fact inherited
from Resource. Any resource may be insured against contingencies or perils. The
contingency is an event. Insurance premiums also have similar features—time
dependency, as well as possible dependency on the fund amount as it ebbs and flows
in time. Insurance payments also may involve perceived risk. Frequently, the rules
for calculating interest are reused to compute insurance payments, with interest
rates inflated to account for risk. Indeed, these kinds of rules may be used to com-
pute expected returns of projects and proposals (e.g., Internal Rate of Return and
Present or Future Value calculations).239 They are all polymorphisms of the same
rule expressions that reside in the Universal Perspective, and each specialty area
may reuse and tailor these rules to fit their requirement for information quality. The
domains of information quality are in Box 30. They all are derived from the Univer-
sal Perspective.

Infusing the relationship between Payment and Fund Amount in Figure 2.19
with temporal information also leads to new polymorphisms of the process by
which payments are applied to pooled Funds. These generic accounting processes
are called Accrual Basis Accounting and Cash Basis Accounting. In the remainder of
this section, we will discuss these two polymorphisms that are universally accepted
by GAAP.

In accrual basis accounting, revenues are recognized when they are earned and
either realized or considered realizable. Revenues are considered to have been
earned when products are delivered or services provided, and they are considered to
have been realized when the corresponding payment is received. Revenues are con-
sidered realizable when it is reasonable to expect that products or services provided
will be paid for in the future. Expenses are accrued (recognized) in the period in
which related revenues are recognized. In contrast, in cash basis accounting, reve-
nues are recognized only when the incoming payment is received, and expenses are
recognized only when outgoing payments are made.

Products and services may be prepaid (in part or in full), or payment might fol-
low their provisioning. When we consider the flow of time, considerations of tim-
ing and synchronization create significant differences between the two accounting
methods. When accrual basis accounting is used, revenues and expenses may be
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239. Exhaustively listing all possible polymorphisms and inverses of rule expressions that support compound or simple interest/growth are
out of scope. References [61, 310, 314] and several other publications on finance, pricing, and evaluation available in the marketplace
have more details. A short presentation at http://www.swlearning.com/accounting/wolk/ppt/08.ppt summarizes issues related to finan-
cial return and risk.



accrued before payments are received (or made) because a product or service has
been provided, and the payment is deemed realizable, although not yet realized.
Similarly, for prepaid items, revenue and expense recognition may be deferred until
the product or service is provided. On the other hand, when cash basis accounting
is used, revenues will be recognized whenever the payment is received, and
expenses will be accrued whenever a payment is made, regardless of when the cor-
responding products or services are provided.240 These differences in timing may
lead to significant differences in time-sensitive interest and insurance payments.
Readers interested in more detail may refer to [135]. Thus, the infusion of time and
temporal dependency into the application relationship between Payment and Fund
Amount in Figure 2.19 leads to different polymorphisms of the financial account-
ing process.

Like the relationships in Figure 2.19, any relationship in the Universal Perspec-
tive infused with temporal information will lead us to a universal process. Having
understood the universal object model in Sections 2.1.1 and 2.1.2, our focus must
necessarily shift to its implications in terms of these universal processes.

Universal Processes and the Birth of Supply Chains

Universal processes emerge from the Universal Perspective, just as the Universal Per-
spective emerges from the Metamodel of Knowledge. Each object, relationship, and
rule in the Universal Perspective leads to a universal process, as does every object,
relationship, and rule of the Metamodel of Knowledge in [337]. Each event in the
Universal Perspective is a Universal Process. We discussed how events lead to
processes in Box 10. We discussed some of these under polymorphisms of Event in
Section 2.1.1.

Every object must be created (or recognized/identified). The creation (or recog-
nition/identification) of each object is also a universal process that can have several
manifestations (polymorphisms). Each relationship in the Universal Perspective and
the Metamodel of Knowledge also will become a process if it is infused with time.
Each may have different polymorphisms in step with the information we add, and
the features we attach (see Boxes 10, 14, and 21). All these processes are Universal
Processes. The Universal Perspective and the Metamodel of Knowledge are the
seminal patterns from which Universal Processes emerge. These processes are the
components from which supply and demand chains are built.

A supply chain is a succession of interlinked activities, resources, and intermedi-
ate products needed to create and deliver products and services to consumers or end
users. Several enterprises (also known as supply chain partners) may be responsible
for different processes, resources, and intermediate products linked by the supply
chain. Supply chains tie suppliers, producers, distributors, retailers, financers,
warrantors, and others together into a process focused on bringing value to the end
user of the product or service. Therefore, although the customer at the end of the
supply chain is the end user, customers at other points in a supply chain might not
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240. In terms of the Exchange event we discussed in Section 2.1.1, in accrual basis accounting we have a choice of accruing payments in corre-
sponding Fund Amounts, either when the first leg of the exchange occurs, or when the exchange is complete. On the other hand, in cash
basis accounting, we apply payments to requisite pooled funds whenever they occur, regardless of any exchanges in which they might
participate.



be end users. For instance, customers of a confectionary manufacturer may be
distributors or retailers, whereas the end users of a confectionary manufacturer are
their customers.

An integrated supply chain has two parts (see Figure 2.22). The upper half is a
chain of processes that add value to the product or service in order to generate cus-
tomer demand, whereas the lower half focuses on making and delivering products
and services to customers.

The upper half of the integrated supply chain addresses the satisfaction of cus-
tomer needs that creates the demand for products and services. It is called a Demand
Chain. The Demand Chain is where new products, services, and business proposi-
tions are developed based on market needs. Customers’ needs, market segments,
and product-service use is analyzed to create new product-service propositions and
specifications. The demand chain is where providers of products and services
awaken to new opportunity, embrace their vision of business, articulate missions,
state their objectives, assert their intent in product markets of their choice, and
articulate product-service requirements, specifications, and designs.

The lower half of the integrated supply chain produces and delivers products
and services that were conceived and designed in the upper half. Sourcing and stag-
ing of resources, production, and delivery of products happens here. “Delivery”
might involve physical transportation, or merely giving users access to services,
software, or information (see Provisioning the Product, under Figure 2.18). The
Demand Chain creates demand and the Supply Chain fulfils it.
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Figure 2.22 An example of a supply chain.



We have seen how Make, Sell, and Deliver emerged from the pattern in Figure
2.18. Infusing temporal information into the Use relationship in Figure 2.18 will
turn it into the Use process. Indeed, the pattern in Figure 2.16 does so via Task. Ana-
lyze is the aggregation of processes that identify instances of Market Need and
Market Segment, as well as relationships between them (see Figure 2.18). The
Awaken/Envision process in Figure 2.22 is the communication of this need to the
right resources. It is a polymorphism of the pattern for conveying information in
Figure 2.14, and the trigger for the next process in the cycle. Design/Improve maps
to processes that identify features (including Feature Groups), and links them to
Market Need (see Figure 2.18). Elaborating on the relationship between Feature
and Market Need in Figure 2.18 will describe how a feature satisfies a Market
Need, and will be a polymorphism of the relationship in Figure 2.18. Elaboration
was discussed in Section 2.1.1. If some of this information involves temporal
sequences, tasks, or timings, then the relationship metamorphoses into the process
by which features satisfy needs.

Under Figure 2.18, we also discussed how the sourcing process flows from the
concept of an Input Process. Figure 2.14 articulates some of the logistics involved.
Processes that identify suppliers and forge supply agreements also may be embed-
ded and hidden within the input process. These processes are polymorphisms of
processes that identify tasks and resources in Figure 2.16, identify owners and medi-
ators in Figure 2.18, and describe the forging of the agreement therein (see Figure
2.17). Temporal sequences, constraints, contingencies, process owners, and the
structures of process maps might change between different supply chain standards.
Each is designed to serve different markets, market needs, and constituencies,241 but
each is assembled from components in the Metamodel of Knowledge and the Uni-
versal Perspective (see Sections 2.1.1 and 2.1.2), albeit configured differently for
their different constituencies. They all flow from the Universal Perspective and the
Metamodel of Knowledge, which is its source.

“What is the substance, whereof are you made,
That millions of strange shadows on you tend?
Since every one hath, every one a shade,
And you, but one, can every shadow lend.”

— William Shakespeare, Sonnets LIII

2.2 The Universal Perspective—Its Use and Abuse

We need the Universal Perspective because it integrates. It is the ultimate integrator
because it unmasks universal meanings—meanings shared, used, and reused at the
heart of business—and the shared understanding that drives it. Thus, it is the ulti-
mate tool for integration of perspectives, processes, and systems. Its propensity to
integrate leads to uses as varied as they are diverse.
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241. Module 5, Section 3, on our Web site, discusses supply chain standards. See also “Supply and Demand Chains” on our Web site. As an
exercise, you might try mapping the processes in each supply chain standard to processes, resources, and patterns derived from the Uni-
versal Perspective. It will help you understand how each standard is a polymorphism of the Universal Perspective.



2.2.1 Integrated Applications

The Universal Perspective normalizes business rules, which can help integrate busi-
ness applications.

For instance, consider the constraints on location of resources that we discussed
under Figure 2.14. Should a new regulation bar some kinds of materials from a geo-
graphical footprint, transportation routes would instantly recognize the constraint,
and ensure consignments that consist of barred resources are not shipped to or
through those places. Attempts to do so will lead to exceptions and the exception
processes (see Box 30). Simultaneously, inventory control applications will recog-
nize that inventories of banned resources cannot be stored in those geographical
footprints. Exceptions will flag any banned resources in affected footprints, and will
not be resolved until exception processes resolve these violations. Manufacturing
applications also will recognize that banned resources cannot be made in the foot-
prints from which they are barred, and violations will lead to exception events,
addressed by exception processes.

2.2.2 Agile Systems and Processes

Normalized business rules lead to flexible systems that can adapt quickly under the
pressure and turmoil of change. The example we just discussed showed us how. The
change, made at the right place, can radiate through the business system, impacting
what it must impact, and letting be what it must not be impacted.

The challenge is to build systems and automated business processes that are
so agile that they will respond to business changes and innovations by automatic-
ally adapting.242 In this book, we call these self-adapting systems “Knowledge
Machines,” to be discussed in Chapter 3.

2.2.3 Reusable Components and Validation of Business Processes

The Universal Perspective normalizes shared meanings. This leads to reusability.
Thus, in the discussion in Section 2.2.1, an exclusion constraint between a Resource
and a Place was a component and a pattern of information reused across logistical,
inventory management, and manufacturing applications. This was an example of
how the same components can fit very diverse business processes.

Reusable components of business knowledge flow from both the Metamodel of
Knowledge and the Universal Perspective. The Universal Perspective is a polymor-
phism of the Metamodel of Knowledge. The Metamodel of Knowledge has the
broadest, and hence the most widely used, components of knowledge. The most
widely shared intelligence in the Metamodel resides in Domains (see Box 30); they
are everywhere. The rules enforced by domains (see Box 16) validate the consis-
tency of information. For instance, Rules 5(b and c) of Box 16 imposed the injunc-
tion against double counting funds (see Section 2.1.2 under Hierarchies of Funds).
Other examples of how rules that flow from the Metamodel of Knowledge might be
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applied are: Rule 5(d) in Box 16 would flag inconsistent allocations that do not add
up to 100 percent; Rule 8 would raise an exception when difference scaled values
are summed to produce a meaningless quantity; and violations on lower bounds of
Length and Mass domains would flag exceptions when negative lengths or masses
occur (see Chapter 1, Section 5). Consider another set of complex rules that also
may be automatically applied in diverse contexts. A bill of materials identifies parts
in a subassembly, which also might be subassemblies of parts or of other subassem-
blies. The Metamodel of Knowledge would automatically flag an exception if any
subassembly or part was already deemed (directly or indirectly) to be a part of the
first, because Contained in is irreflexive (i.e., a polymorphism of the generic
irreflexive relationship), although it is transitive with respect to itself (e.g., a sub-
assembly that contains another subassembly also will automatically contain the
parts of subassemblies in it). An irreflexive relationship is a polymorphism of a
reflexive relationship. A composition adds information, therefore a composition of
irreflexive relationships cannot be reflexive or idempotent. Part of is a polymor-
phism of Contained in (see Box 12), and inherits this property. See Box 10, and
details in Module 5, Section 4, on our Web site. This behavior also would apply to
other transitive compositions of irreflexive relationships like “ancestor of,” which
assert that a person may be an ancestor of another.

The Universal Perspective would add more business-specific rules. For instance,
the presence of banned resources in a prohibited locale would raise exceptions,
regardless of whether the locale is a vehicle, a mode of transportation, a route, a
building, a tunnel, a Web site, or a part of the frequency spectrum (see Section 2.2.1).
The Metamodel of Knowledge also has shared patterns for recognizing and resolving
exceptions, which the Universal Perspective inherits. See Box 30, and details in
Module 5, Section 3, under “Crossing the Chasm” on our Web site, “When rules are
violated.” Thus, the Metamodel of Knowledge and the Universal Perspective are
instrumental in identifying common themes, including exceptions.

2.2.4 Alignment of Information Systems with Business Process

The Universal Perspective can help align information systems applications with
business processes. This is because a universally shared business information archi-
tecture flows from the patterns in Section 2.1. Object, data, and process models all
may be derived from those patterns. For instance, we have seen how supply chain
integration is automatically supported by the information architecture in Section
2.1. Module 5, Section 3, on our Web site, under “Crossing the Chasm,” has several
examples of how information systems may be reduced to expressions of business
processes and derived from them.

2.2.5 Enterprise Resource Planning and Supply Chain Management

The Universal Perspective can help vendors of Enterprise Resource Planning (ERP)
and Supply Chain Management (SCM) systems, by providing a ready template that
they can elaborate, customize, and build on, as they develop integrated information
architectures supported by integrated data, object, and process models. Indeed, for
these reasons, the Universal Perspective can help any developer of integrated
systems, by providing a shared information architecture that will help integrate

216 The Universal Perspective: Scope of Business



business processes and business systems, as in the example of resources barred by
regulations from prohibited places that we discussed in Section 2.2.1.

2.2.6 Evaluation and Customization of Business Software

The Universal Perspective can be a test bed that helps users of systems or software
products to identify gaps in the functionality of applications that they are evaluat-
ing. Constraints imposed too high in the hierarchy of polymorphisms or in the pat-
terns in Section 2.1 may impose restrictions that are not shared universally. Missing
structures also will imply missing business functionality.

For instance, between Figures 2.15 and 2.16, if we had attached the qualification
relationship between Qualification and Resource to Person instead of to Resource,
then we would deny the fact that resources (e.g., elevators) might have to be quali-
fied, and may need credentials, before they are deemed fit for use. On the other hand,
if we had attached the mandatory “record” relationship between Payment and
Invoice in Figure 2.18 to Document instead, then it would imply that every docu-
ment must record a payment—a patently false, and needlessly restrictive, assertion.

Note that the emphasis is on shared business functionality across multiple
scopes. This is the most common business functionality, and therefore the function-
ality that integrates business. These functions are often those that profoundly
impact the critical success factors of a business (see Box 1).

However, the Universal Perspective has limitations. For instance, it does not
provide a style guide for user interface in terms of display windows or point and
click functions, because the Interface layer in the Architecture of Knowledge is
beyond its scope (see Figure 15 on our Web site). The Universal Perspective also
might miss out on detailed, custom-built functions that are not commonly shared
business practices. However, it does provide a framework for customization. Cus-
tomization often involves imposing custom constraints in limited scopes, or creating
special context-sensitive polymorphisms of the objects and structures in the Univer-
sal Perspective.

2.2.7 Customization Facility

We recently discussed how agility flows from the Universal Perspective. Easy cus-
tomization is the hallmark of agility and adaptability. The Principle of Parsimony
(see the endnote) should be a key to determining what patterns and polymorphisms
need customization. New polymorphisms of objects or patterns in the Universal
Perspective and the Metamodel of Knowledge should not be configured, unless cus-
tomization is needed in order to normalize added features that cannot be normal-
ized by the Metamodel of Knowledge or the Universal Perspective. This will
optimize the resilience of processes, objects, and patterns (Liskov’s Substitution
Principle—see Mutability of Resources in Section 2.1.1, under Resource and its
Polymorphisms).

Adding constraints and features (e.g., attributes, relationships, effects, composi-
tions, elaborations, states, and so forth) to the “prefabricated objects” in Section
2.1 will create custom polymorphisms. These will inherit the shared features and
behaviors of the original object and will add the special custom behaviors and

2.2 The Universal Perspective—Its Use and Abuse 217



features required in limited scopes (see examples in Box 21). For instance, if we
turned the relationship between “buyer” and the rights transfer event in Figure 2.18
into a process by adding “event” to it (see Box 10), and if we constrained the repeti-
tion to two or more (a temporal polymorphism of cardinality—see Box 30), then we
would create a polymorphism of “buyer” called “repeat customer.”

Shared, universal behavior will not need to be rediscovered and renormalized
each time custom processes or systems are required. This kind of “prefabricated
normalization” in “prefabricated objects” and “prefabricated models” (see the pat-
terns in Section 2.1 and the Metamodel of Knowledge) also will minimize the unin-
tended impacts of customized features on other objects through the “rule tangling”
mentioned in the prologue. Thus, the Universal Perspective can facilitate customiz-
ation by facilitating adaptable and agile models.

2.2.8 Information Architecture

The Universal Perspective is information architecture, packaged; that is, a general-
ized template for normalizing shared data and features of objects. Customizing
these patterns to fit a given scope or enterprise will suffice to define an information
architecture (see Section 2.2.7). The Principle of Parsimony admonishes us to
elaborate and add the minimum information required. Frequently, customization
only will involve adding context-sensitive object names. For example, Business
Product might become “Insurance Policy” in the insurance industry, or “Building”
in the construction industry (see Box 9, and Figures 1.9 and 1.10). When this is not
enough, the methods in Section 2.2.7 will be needed to elaborate on the Universal
Perspective to fit a given scope. The metamodel [337] encapsulates the rules of
elaboration. The tenet is that information may be added to the universal perspec-
tive in step with new learning to satisfy new requirements. The Universal Perspec-
tive is resilient and can adapt business processes and facilitate the automation of
information systems [337].

Our discussion of supply chains at the end of Section 2.1 articulated how every
object in the Universal Perspective signals the existence of a generic process that must
make it. For instance, Coverage is a feature of an insurance policy. In most jurisdic-
tions, innovative forms of insurance coverage must be conceived (proposed by the
insurer) and filed for approval by a regulatory (government) organization, before it
can be offered to customers. Each step establishes a state for a conceived insurance
coverage. It elaborates on the condition of, and adds information to, the coverage
that was conceived. It flows from a process. This process that elaborates on states of
coverage is a fragment of a process map (i.e., a composition) that created this cover-
age. The overall process it elaborated on is a polymorphism of the generic process
that created the product Feature of Figure 2.18. This is an example of how the pat-
terns and relationships in the Universal Perspective are that can be detailed, and
sometimes elaborated on, by compositions (see Box 10).

2.2.9 Database Integration and Data Normalization

The Universal Perspective provides a noncontext-sensitive template for normalizing
shared features, including attributes of objects. As such, changes in data structures
will be more stable than they can be with conventional methods that normalize data
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based on breaking up repeating groups. When new data must be included, or some
kinds of data eliminated, repeating groups may change, and so may data structures
based on normalizing repeated groups. Structures derived in this manner are unsta-
ble under the pressures of change (see the examples in the note on normalization).
Changes in data structure cascade through information systems. It has unintended
side effects, and requires changes in the very structure of the system and its underly-
ing computer code. Current systems cannot adapt easily to changes of this kind. It is
a fundamental source of conflict between business and the information systems
built to support the business. Seasoned analysts and data administrators have often
experienced this conflict.

Businesses face intense competitive pressure from the global economy, driven
by new ideas and technology. They must flex, change, and innovate in order to sur-
vive and succeed, whereas the stability of its data structure is critical to the informa-
tion system. The patterns and inheritance hierarchies in the Universal Perspective
can complement and stabilize the hierarchies and objects obtained from normaliz-
ing data based on eliminating repeating groups.243 This extends not just to data, but
also to all features of business objects—relationships, constraints, and effects. Sta-
ble data (or object) structures not only will help stabilize the database, but also will
simplify maintenance of the systems that use the database, which can make infor-
mation systems more responsive to changing business requirements.

Typically, this would involve making the Universal Perspective the broker and
translator of legacy models. It would mean mapping objects in a legacy data (or
object) model to the patterns in the Universal Perspective. That map might split a
legacy object in order to normalize behavior (e.g., the way Invoice was mapped to
Event, Document, and Information in Section 2.1), or it might merge them by gener-
alizing multiple objects and subsuming them into an object (or relationship) in the
Universal Perspective. For example, Customer and Supplier might both be merged
into Person/Organization. See the Principle of Parsimony in Section 2.1.1, under
Mutability of Resources, and the note. This kind of merging also might introduce
new capabilities into databases, such as the ability to answer the question: Which of
my customers are also my suppliers? It also could lead to capabilities like the ability
to compute net payments owed to these suppliers, which might simplify payment
and realization processes with key customers and suppliers.

2.2.10 Integration of Legacy Systems

Normalization of data, behavior, and business rules can provide a hub that will be a
road map for integrating legacy databases or applications. The recent discussion
hightlights that mapping legacy data structures, constraints, and behavior to the
Universal Perspective can turn it into a broker and interpreter between legacy appli-
cations. It can be the hub around which an integrated legacy spins.

2.2.11 Causal Analysis and Knowledge Management

In Section 2.1.2 and Box 31 (under patterns of funding), we saw how the Universal
Perspective and the Metamodel of Knowledge provide the framework for drilling
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down from summary information. This is one kind of causal analysis. For instance,
the publisher of a magazine in an integrated supply chain that includes the printer
could drill down from overall publishing cost to printing cost, and then drill further
from printing cost to find that the lacquering of printed pages to give them the
requisite glossy finish contributes a disproportionate amount to overall printing
cost. He or she might then determine that the glossy finish is not commercially
viable.

Section 2.2.3 had other kinds of causal analysis. Forward and backward causal
chains also support causal analysis. They are components of the Metamodel of
Knowledge. Forward chaining is a form of causal analysis in which cause and
effect are tracked along chains of associations, which are expressions of rules, to
project or assess the end result and the impact of each rule. Rules are poly-
morphisms of relationships (see Box 10). Backward chaining tracks a result back to
root causes along the inverses of rules. Forward and backward causal chains are
polymorphisms of Path (Section 2.1.1).

Pattern recognition is another form of causal analysis. Chapter 4, Section 1, in
[337], describes the universal features of Pattern. The freedom of the pattern (i.e.,
how different it may be, in terms of which features, before it is considered a dis-
tinctly different pattern) is the key to pattern recognition.

The dimensions of information quality in the Metamodel of Knowledge (see
Box 30) frame the quality of pattern recognition, judgments of causality, and other
assessments. For example, instances of the Market Segment in Figure 2.18 may be
based on how the quantum or frequency of purchases tracks the (values of) features
of the rights transfer event in that figure. For instance, the market may be segmented
by the combination of business product (e.g., class of books), order amount (e.g.,
payment), and distribution channel (e.g., retail outlets and Web sites), if it is shown
that these variables impact buying frequency most significantly.

2.2.12 Improved and Integrated Business Process Engineering (CAPE) and Systems
Engineering (CASE) Tools

The Metamodel of Knowledge carries within it functional requirements and specifi-
cations for automated tools that can support the modeling of business processes as
well as object and data models [337] (also see Modules 5 through 7 on our Web
site). It normalizes rules about the encapsulation, normalization, and synthesis of
Knowledge. Components in the metamodel seamlessly translate patterns into
business processes, behavior, data, and information systems. Information systems
become expressions of patterns of business knowledge and business processes.
A process designer could use an automated tool based on the Metamodel of
Knowledge to design a business process, and test and tune it to meet functional and
performance requirements, with simulations and the power of inference already
resident in the Metamodel of Knowledge. The tool could then automatically create
matching information systems, with exception management processes and capacity
plans matched to anticipated business volumes. Reference [337] and the modules on
our Web site have the details.244
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The patterns and objects in Section 2.1 are “prefabricated” business objects and
events (processes), forged from the Metamodel of Knowledge, which may be elabo-
rated on by applying the laws articulated by the Metamodel (see the examples in
Section 2.2).245 The patterns in Section 2.2 would add value to the integrated
CAPE-CASE tool, by providing prefabricated templates as starting points for pro-
cess or systems design.

These “prefabricated” objects from Section 2.1 will support many common
requirements even before users articulate them. For instance, telecommunications
companies had traditionally provided telephone services directly to their custom-
ers. The customer’s telephone number identified him or her. If the customer moved,
the telephone number had to change. This made it difficult to track a customer’s
history, which could have helped the business in many ways. The pattern in Figure
2.18 clearly distinguishes the provisioning of a business product from its buyer. It
tells us that the customer number and the telephone number should be distinct
and different. Provisioning connects the customer to the telephone number
through the agreement. The customer number then may also be used to track a cus-
tomer’s history, behavior, and movement. The patterns in Figures 2.17 and 2.18
also tell us that the selling of telecommunications services through intermediaries is
an option. Indeed, when deregulation of the industry introduced competition, busi-
ness processes were reengineered to support the sale of service through intermedi-
aries. Thus, the pattern in Figure 2.18 anticipated requirements and facilitated
innovation.

2.2.13 Business Modeling Standards and Language Design

The themes in Section 2.1 are standard themes, shared and reused all the time.
Developers of integration, communications, and cross enterprise business
standards, such as XML, BPML [63], standard ontologies, and Knowledge Reuse
projects will find them useful (see References). Supply chain and enterprise
integration frameworks flow naturally from the patterns, objects, and abstractions
in the shared themes of Section 2.1 and the Metamodel of Knowledge.

Designers of business modeling languages, such as UML or BPML (for process
modeling), could use the Metamodel of Knowledge to scope, encapsulate, and nor-
malize requirements of business modeling languages and standards. The Universal
Perspective, in Section 2.1, can augment these languages and standards with prefab-
ricated “standard and generic” objects and patterns that can be customized to fit
specific requirements. The metamodel describes the rules and operations for cus-
tomizing and combining the objects in this book.

2.2.14 Prototyping and Continuous Improvement

The Universal Perspective is a generic business model. It can be the basis for an
integrated prototype information system and business process model. The events
and relationships in it describe universal business processes and relationships, and
provide navigation paths between objects of different kinds. For instance, if we
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picked a consignment in Figure 2.14, we could track its route plan and the ship-
ments of which it will be a part. From the Shipment, we can track conveyance vehi-
cle(s) that will be used, and so forth. Alternatively, if we start with a transportation
event, we could track the consignments it carries, and what their destinations
would be.

Each object and relationship may be attached to views, windows, and other
kinds of interfaces that provide query and navigation facilities between objects. The
level of detail may be customized to fit the requirements by using the techniques dis-
cussed in Section 2.1 and this section and [337]. Features and polymorphisms may
be added, and relationships and objects may be expanded into compositions and
aggregates that can normalize and hold the requisite information. (Processes are a
kind of relationship—see Box 10.246)

The initial prototype would use the Universal Perspective augmented by the
Metamodel as a starting point for object behaviors, features, business rules, and
navigation. The Metamodel would contribute behaviors of different kinds of
domains and other objects in it, and would provide the facility for customizing and
elaborating initial prototype based on the Universal Perspective. See Section 2.1 for
examples of object elaborations. Thus, the design of business processes, informa-
tion systems, and the specification of user requirements need not start from scratch
each time a process is developed, a system integrated, or software developed.
Instead, they would start with the information in the Universal Perspective. This
would accelerate development and reduce resource requirements.

Each industry and firm has its own special terms, rules, and nomenclature. The
prototype could provide a facility that lets each user look at the prototype in his or
her nomenclature, without losing the integrity of meanings across the organization
or supply chain (see Box 9 and Figures 1.9 and 1.10).

2.2.15 Software Product Design

The resilience, adaptability, broad reusability, and customizability of the objects
and patterns in the Universal Perspective will be valuable for software developers,
including vendors of software products. Implementation of packaged products,
especially those that require cross-departmental or cross-organizational integra-
tion, often requires customization. If vendors of packaged software use these pat-
terns, then their products will be resilient and easily customizable. The pattern in
Figure 2.18 is resilient. It will facilitate development of new products and services or
upgrading the functionality of current software products for newer releases. For the
same reasons, the Universal Perspective also will facilitate creation and mainte-
nance of custom software developed in-house.

The Universal Perspective also will facilitate the development of adaptable soft-
ware to support nonsoftware product, service, and process innovations. It will be
relatively easy to add new product/service features or to reconfigure the structures
of a product in the model in Figure 2.18. Thus, software that reflects this pattern in
its internal design will be easy to reconfigure in support of new or changed products
and services.

222 The Universal Perspective: Scope of Business

246. Chapter 2, Section 5, in [337], discusses attaching views to objects. See “Windows into Objects” and Figure 33 on our Web site. Module
5, Sections 1, 2, and 4, on our Web site, discuss customizing levels of detail to fit the requirements.



Thus, the Universal Perspective and the Principle of Parsimony will facilitate the
design of resilient, adaptable, and tightly coupled business processes supported by
agile and tightly integrated software.

2.3 Work Breakdown Structure

The Work Breakdown Structure of a systems development methodology is a process
map. It describes the process for building business models and information systems.
The Metamodel of Knowledge and the Universal Perspective, on the other hand, tell
us what information we must gather to formulate business requirements. They do
not tell us how to gather it. There may be many ways of gathering and storing this
information. A detailed work breakdown structure is beyond the scope of this book.
The intent of this section is to articulate how current approaches could flex to lever-
age the Universal Perspective.

Regardless of what process is used to articulate business requirements and
develop systems, shared functional requirements and business rules are embedded
in the Universal Perspective. The work breakdown structure will not have to elicit
them again. Rather, it should accelerate the process by mining and using these rules
and requirements as is, or by adding and building upon them.

Thus, the primary difference with conventional Work Breakdown Structures
will be the use and configuration of shared components from an inventory, and the
application of the Principle of Parsimony (see the note) to determine what may be
used as is, and what must be customized, derived, or configured.

The approach also will address the derivation and customization of compo-
nents required in limited scopes, functions, product lines, or geographies. The meth-
odology will address the hierarchy of local repositories of shared knowledge and
processes for managing, deploying, synchronizing, and exchanging components
that are shared in different scopes. The work breakdown structure would distin-
guish between tasks that determine quantitative attributes (mapped to domains,
which apply over all footprints) from tasks that determine units of measure in each
footprint, and those that associate context-dependent or technology-sensitive accu-
racy and format requirements with these quantities.

The work breakdown structure will recognize that the Universal Perspective
supports diversity by extracting the common essence of diverse meanings and
nomenclatures. It will apply the Principle of Parsimony to reduce and control object
proliferation and chaotic denormalization of behavior. It will thereby manage
chaos in the midst of complexity. However, despite their resilience and support of
diversity, the Universal Perspective and the Metamodel of Knowledge have impor-
tant limitations. Their scope is limited to business meanings; and they do not
address the styles of interfaces, the technology, and the logistics of storing, staging,
transporting, displaying, or capturing information. However, they do address the
issues that matter most to business. The value chain of Box 1 is front-loaded, and
the resilience of the Universal Perspective will support innovation, improvement,
change, responsiveness, business alignment, and the creation of business value.

Styles of interfaces, the technology, and the logistics of storing, staging, trans-
porting, displaying, or capturing information may be added from the numerous
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models and standards already available. This has been focus of many conventional
approaches in relation to component technology. The Universal Perspective and the
Metamodel of Knowledge complement them.

The Universal Perspective will lend itself to both “waterfall” and iterative
prototyping methodologies, such as the Rational Unified Process and Extreme Pro-
gramming (see the section on Software Process in the References). The Principle of
Parsimony will support lean approaches to business process design. Indeed, an iter-
ative prototyping approach could start with the prototype in Section 2.2.15. The
work breakdown structure might identify choke points in the business process and
hone in on clearing those. It might gather volume information (e.g., data, defects,
and transactions) at choke points to build a capacity plan that links computer and
network capacity to business process load.

Automated processes and electronic repositories of Knowledge Artifacts are not
absolutely essential for using and benefiting from the Universal Perspective, but
automation would help leverage it far more effectively. Without automation, it will
be difficult to track and elaborate on the enormous amounts of complex informa-
tion we must store, analyze, mine, reuse, and elaborate on. An electronic repository
of reusable knowledge artifacts will lie at the heart of any automated process. We
will call this the Repository of Shared Knowledge.

2.4 The Repository of Shared Knowledge

The Metamodel of Knowledge and the patterns of Section 2.1 will lie at the heart of
this repository of shared knowledge. However, by themselves, these patterns have
little value. Their value is derived from facilitating agility and integration of diverse
business processes and information systems. Prerequisites for effective use of the
Universal Perspective (which includes the Metamodel of Knowledge) are the ability
to easily find, format, view, manage, combine, configure, and customize patterns
and objects in it to match business requirements. The scope and the functionality
of the repository of knowledge artifacts in Figure 2.23 are derived from these
requirements.

The same objects may be reused in different configurations and polymorphisms
(e.g., those in Box 21 and Section 2.2). Configuring constraints, features, patterns,
and polymorphisms from these objects will carve new meanings.247 Therefore, the
repository of knowledge artifacts will need a configuration management facility.
The Metamodel of Knowledge carries within it the operations and specifications
that can carve new objects (meanings) from those that are provided within the
repository. Therefore, the Metamodel of Knowledge will lie at the heart of the
repository, surrounded by facilities for finding, accessing, configuring, and custom-
izing these objects.

In Section 2.2, we discussed how every combination of features and constraints
imposed on an object results in a polymorphism with the potential for a different
name. For instance, a Person/Organization in Figure 2.18 becomes a “Buyer” when
tied to the Product Rights Transfer event in that role. This buyer also may be called
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the “customer” or the “consumer” of the product in question. This is why the
repository must provide a facility to impute and manage context and industry sensi-
tive homonyms and synonyms for each object, its polymorphisms, and generaliza-
tions. Figures 1.9 and 1.10 and Box 9 describe the model for this. It belongs to the
configuration management layer in Figure 2.23.

In order to use shared patterns and objects, users of the repository must be able
to find and review them (i.e., the repository must be searchable). Each object, pat-
tern, and combination of assembled configurations and objects must be easy to
identify, access, review, understand, and use. The repository must therefore provide
the tools to facilitate this, along with requisite services and training. These tools and
services will mine and present patterns at the heart of the repository through the
configuration layer. The configuration management facility will respond to requests
passed to it through the access management layer in Figure 2.23. It will present
requisite objects, patterns, and configurations of information to the access manage-
ment layer. The access management layer will manage security, format this infor-
mation, and present it to users in easily understood forms. The configuration
management facility even may be context-sensitive as it interprets these requests for
access to patterns at the heart of the repository. With the tools and services within
these layers, users will be able to find reusable patterns, configure business models,
design business processes, and automate the creation of information systems to
support them.
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The offering in the market place will not
be business components per se.
It will be the user’s experience, and the
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products and services supported by the
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The patterns at the core of Figure 2.23, and the layers around them, may com-
prise a packaged software product that automates the storage and manipulation of
Knowledge Artifacts. To leverage this repository effectively, we will need a set of
best practices for searching, configuring, and customizing the patterns in the repos-
itory. These best practices will be an integral part of each corresponding layer of
Figure 2.23.

These products and practices must be managed and supported. Support
involves version management; defect monitoring; repair and reconditioning; con-
tinuing improvement; planning, release, and distribution of new releases; and a host
of other functions and services. The repository is a business product. It must be
managed as all business products are managed. This will require support services, as
well as the requisite tools and infrastructure to support these services. These tools,
infrastructure, and product support services belong to the product and user support
layer of Figure 2.23.

Competitive strength flows from differentiation of products and services from
those of competitors. Customization supports this need. Customizing the objects at
the heart of the repository will create new components. Each custom component
will be a polymorphism of its generic parent. New constraints, new features, and
new information will carve specialized new meanings. We have seen several
examples throughout this book. The Customization Services layer in Figure 2.23
addresses this. Note that customization of the repository as a software product, as
well as the policy that permits or bars it, resides within the Product Support layer,
not the customization layer of Figure 2.23. The customization layer customizes the
information content of the repository.

As we customize, constrain, add detail, and fit patterns into narrower scopes,
we will obtain repositories valid only in limited contexts (see Figure 2.24). These
“localized” repositories necessarily must work in tandem with the generic objects
stored in repositories of broader scope. For instance, “Subrogator” is a role of Per-
son/Organization in the insurance industry, in which the subrogator represents the
claimant in recovering the insurance claim amount. Thus, it would reside in a repos-
itory that supports insurance functions. Indeed, as the repository and its use evolve
in the organization, new polymorphisms and reusable patterns will be discovered.
Configuration management practices will determine which of these patterns may be
shared on a broader basis, and must therefore be “promoted” to higher-level reposi-
tories that support broader contexts. For instance, can a generalization of the
“subrogator” role also apply to recovering amounts due outside of the claims area,
or even in other industries? If so, under what names? Remember that the same
object may be known by different names in different industries and organizations
(see Box 9). Does the Principle of Parsimony justify distinguishing an insurance
subrogator from the generalized role of “agent,” “representative,” “intermediary,”
or “proxy”?

Thus, applications may be created by combining, configuring, and customizing
components from a repertoire of generic components, and then reused in several
contexts, augmented by a repertoire of specialized components used in special
contexts. Configuration management practices must continually review, allocate,
adjust, and even retire these components and best practices that capture the collec-
tive knowledge of the organization and its operation. Figure 2.24 illustrates this

226 The Universal Perspective: Scope of Business



architecture. The Architecture of Knowledge on our Web site elaborates on each
layer in Figure 2.24.

Together, the layers in Figure 2.23 turn the abstract patterns at the heart of the
repository into agile and adaptable business models, business processes, and inte-
grated information systems that respond rapidly to user requirements in the tumult
of business. The patterns in this book only can be translated into user experience
and measurable benefits if the products and services in the layers of Figure 2.23
support them.

The extent of automation may vary. As we automate the repository more, our
systems will become increasingly agile. At some point, we will cross a threshold, and
the repository will transmute into the knowledge machine. In the Knowledge
Machine, fully automated work breakdown structures will automatically reconfig-
ure software and business processes as the knowledge machine responds to changes
in the business environment, its rules, and its requirements. It is a vision for the
future.
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C H A P T E R 3

The Knowledge Machine: A Vision of the Future

“For I dipt into the future, far as human eye could see,
Saw the vision of the world, and all the wonder that would be;
Saw the heavens fill with commerce, argosies of magic sails,
Pilots of the purple twilight, dropping down with costly bales …”

—Lord Tennyson, Locksley Hall, 1842

This chapter describes the kind of autonomous, self-adapting business models, busi-
ness processes, and supporting software that can flow from a fully automated repos-
itory of Knowledge Artifacts. It discusses the functions, features, and characteristics
required of these ultimate systems. It is a vision of business automation in the
postindustrial age.

The Knowledge Machine is automatic and adaptive. Its currency is business
meaning. The Knowledge Machine adapts to changing rules by configuring the
meanings in its repository to match new requirements with new behavior and new
polyorphisms. It creates new meanings from old in response to new rules and
requirements. It seeks and changes its goals in response to changes in its environ-
ment; goals are also meanings.248

Meanings can be forged from meanings. We have seen how we can carve, con-
strain, sculpt, and join meanings, which are normalized patterns of abstract infor-
mation, to create even more meanings. The Metamodel of Knowledge forged the
rules, and the Universal Perspective was the conduit for substance. Together, they
create the abstract pattern at the heart of the Knowledge Machine.

Thus, components of the Knowledge Machine can be made by the Knowledge
Machine from its own components, and may be assembled by the same compo-
nents. These components are meanings (i.e., patterns of abstract information)
which not only create the ever-expanding ensemble of knowledge, but also forge its
growing and numberless components as the ensemble expands. Box 21 has a few
examples. It is a saga of a growing ensemble in information space that contains
within it the meaning of Growth, and indeed the meaning of Saga itself.

However, the Knowledge Machine does not exist. It is only a vision—the para-
digm at the end of a fully automated repository of Meaning, created from Knowl-
edge Artifacts.

Long ago, the currency of computing machinery was hardware. Long before
present-day computers made their debut, the logic within patterns of information
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(i.e., the logic and data) was implemented directly with hardware in unit record
machines, punched card sorters, timers, cams, levers, and switches. Today, the
currency of computing is software—a mutable code that runs less mutable hard-
ware. The hardware still exists and implements the behavior programmed into the
software that operates it, but it is the software with which we interface. The cur-
rency of the knowledge machine is one more step removed. It consists of mutable
meanings, intentions, and abstractions. In the Knowledge Machine, concepts must
be expressed in code if they are to be stored in a repository and realized in an auto-
mated process. It is the concept and the meaning, not the software code, that will
provide the window to its environment and the interface with its users. Just as soft-
ware operates the hardware that implements it, the abstract concepts in the knowl-
edge machine will be implemented in software, but the currency of the knowledge
machine will not be coded software. The currency will be mutable meanings—the
mutable knowledge that will operate and write mutable software to express itself.
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Box 32: Adaptation of Knowledge

We have seen how meanings assimilate new information and trans-
form themselves into richer meanings derived from the old. We have seen how
new processes, structures, and patterns of information grow from the old. In
Chapter 2, we have seen how the Universal Perspective is a seminal pattern,
and the seed from which new structures, patterns, and practices can grow and
adapt, in step with added information, new features, and constraints of
different kinds.

The Universal Perspective is a pattern that underpins our understanding of
business. It is a pattern of information, a scope, and a context. The Universal
Perspective is a shared pattern of understanding; therefore, the Universal Per-
spective is a pattern that connects. It is also a pattern that adapts as it inte-
grates. The Universal Perspective and the Metamodel of Knowledge will be the
patterns that will drive the heart of the Knowledge Machine, the fountainhead
of self-adaptive business processes and self-adaptive, autonomous software.

The Universal Perspective underpins a dynamic architecture—one that can
change in step with new information and new requirements. It is an architec-
ture that can carve new polymorphisms from older components in response to
change. It is the architecture of business, its rules, and processes. The architec-
ture itself can be dynamic, changing in response to governing processes that
continually monitor, change, and alter. Indeed, governing processes also may
be governed and changed by higher order governance, which in turn is subject
to even higher order governance, ad infinitum (see Box 30). In the ultimate
Knowledge Machine, governance of governance becomes dynamic. It moni-
tors, changes, and learns from experience, spawning new processes of new
orders of governance. This kind of architecture will support a new order of
dynamism, and this order will separate the logic of governance from the logic
of execution. Each level and order of governance will be distinct from that
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which it governs. The Metamodel of Knowledge mandates this. See
Module 5, Section 3, on our Web site.

Thus, the Knowledge Machine must support dynamic architectures and
adaptation. In the Knowledge Machine, the concept of dynamic architecture
and adaptation will not be confined to the top layer of the Architecture of
Knowledge (see Figure 17 on our Web site), but will permeate every layer,
adapting and optimizing interfaces and information logistics for new or differ-
ent actors, and optimizing performance for new and different technological
platforms.249

An adaptable system is a kind (subtype) of a self-adaptive system. In
adaptable systems, actors outside the system provide governance and change
the behavior of the system. Self-adaptive systems are more autonomous. A
self-adaptive system governs its own adaptations, and automatically changes
its behavior in response to changes in its environment. For instance, if human
workers reconfigure components and customize processes in Figure 2.24, then
it will be an adaptable system. On the other hand, if automated governance
provided by the system does so in response to changed requirements, then it
will be self-adaptive behavior. The Knowledge Machine is self-adaptive.

Self-adaptive systems are a subclass of Adaptable systems. A self-adaptive
system is also adaptable. An external agent also may reconfigure, customize,
and improve a self-adaptive system. Adaptation also may be partitioned into
closed and open adaptive behavior. The behavior of a closed (dynamic) system
and its repertoire of adaptations are set when it is built, whereas the behavior
of open (dynamic) systems continually evolves after it is built, and has room
for adaptations that were not anticipated a priori. The Knowledge Machine is
an open dynamic system.
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Adaptive systems associate configurations with regions of state
space. Moving from one region to another triggers reconfiguration.
These regions may be regions within the conceivable state space of the
system, its environment, or a space that subsumes both (i.e., a space within
which each is a subspace). Governance processes may reshape these regions
and the configurations associated with each, in step with changing goals or
new learning. Governance processes may add new dimensions and new axes to
this conceivable state space, even as they constrain, sculpt, and reshape its
regions and the lawful state spaces within each.250 The Knowledge Machine
will be self-adaptive, self–governing, and autonomous.

Thus, governing processes within the Knowledge Machine must address:

• Adaptation events: Triggers, conditions, and occurrence, both internal and
environmental.

• Open and closed adaptations: Open adaptation opens the possibility of
learning from a repertoire of best-of-breed adaptations from a collection of
agents in the environment of the self-adaptive system. As we have seen, the
Knowledge Machine will not only be self-adaptive, but also open-adaptive.

• Autonomy of adaptation: The kinds and extent of autonomy, and how much
the environment and external actors will guide adaptations and adaptability.
For instance, at the low end of the spectrum of autonomy, external agents
might govern and customize the adaptable system. At an intermediate level
of autonomy, external agents (e.g., human users or intelligent agents) might
sign off on changes suggested by the autonomous system. At the high end of
the autonomous spectrum, the autonomous system may adapt its behavior
on its own, without external approval, coordinate and signal these changes
in its state to its users, stakeholders, and the agents that interface with it.

• Effectiveness and the value of adaptations.
• Frequency of adaptation, performance monitoring, and tracking: The mix of

processes that periodically and routinely poll and monitor governed pro-
cesses, as opposed to exceptions, demands, and alerts issued by these
governed processes to the processes that control them. Indeed, in some situa-
tions, rapid and continual changes in behavior may be disruptive for its users
and other actors with which the system might interface.

• The information that will be monitored (the features of metaprocesses,
metarelationships, and meta-objects in the Metamodel of Knowledge), the
accuracy, reliability, validity, and timeliness of the values thus monitored
(see Box 30).

• The planning, tracking, coordination, deployment, implementation, and
validation of adaptations, including consistency and reliability checking
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In the Knowledge Machine, the layers of Figure 2.23 are fully automated. They
configure and customize in response to the requirements of the environment. The
process in Figure 2.24 also is automated. The Knowledge Machine shares and cus-
tomizes meanings, and tunes its behavior to fit a context. That context may or may
not be constant. It is a parameter and an input that can evolve and change, and the
Knowledge Machine will change its responses in lock step.

To quote the Defense Advanced Research Projects Agency (DARPA):
“Self-adaptive software evaluates its own behavior and changes behavior when the
evaluation indicates that it is not accomplishing what the software is intended to do,
or when better functionality or performance is possible.” Indeed, in the context of
the Knowledge Machine, it is not just software to which we must attribute these
qualities, but to the business process itself, integrated with the software. The soft-
ware is merely a facilitator and an expression of the process, which can be automati-
cally derived from the process itself. See Module 5, Section 3, under “Crossing the
Chasm,” on our Web site.

DARPA elaborates on this concept by asserting that it “seeks a new basis for
making software adaptive, that doesn’t require specific adaptive techniques, such as
neural networks or genetic programming, but instead relies on software informed
about its mission and about its construction and behavior. This implies that the
software has multiple ways of accomplishing its purpose and has enough knowl-
edge of its construction to make effective changes at runtime. Such software should
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(and testing),251 and exception and contingency planning (see Box
30). Details are in Module 5, Section 3, in “Crossing the Chasm,”
under the risk management transform on our Web site. Ideally, the
Knowledge Machine will be open to requests for tuning or rolling back
adaptations in response to requests from perturbed actors (and users), if any.

• The Knowledge Machine also should pinpoint sources of these perturbations
and requests, and record and analyze them, in order to update and adapt its
adaptation strategy.

• Planning, tracking, and monitoring are universal processes, which lead to
corresponding universal states of objects (see Chapter 2, Section 2.1). It fol-
lows that these processes (and states) will also apply to every order of gover-
nance, planning, tracking, and monitoring. The functions of the Knowledge
Machine flow from the Universal Perspective and the Metamodel of Knowl-
edge, which also anchor its continually mutating and evolving architecture.

Indeed, as the Knowledge Machine adapts to its environment, and perhaps
even adapts its environment in step with its goals, the Principle of Parsimony
and the mutability that flows from it will be its guiding light, framed by the
Universal Perspective and its polymorphisms.
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include functionality for evaluating its behavior and performance, as well as the
ability to replan and reconfigure its operations in order to improve its operation.
Self-adaptive software should also include a set of components for each major func-
tion, along with descriptions of the components, so that components of systems can
be selected and scheduled at runtime in response to the evaluators. It also requires
the ability to . . . generate some of this code from specifications.” In other words,
DARPA is asking for the Knowledge Machine.252

There are four unstated assumptions we have carried forward from the Indus-
trial Era into the Information Age, which belie the Knowledge Machine:

• All requirements of the product are known and articulated before it is built.
• All uses of the product are known and articulated before it is designed.
• The product cannot be easily reconfigured or changed after it has been built.
• The product will degrade with time or use, and must be continually main-

tained and refurbished.

None of these assumptions holds when the product in question is information.
These assumptions bear the stamp of the lessons learned from the Industrial Era,
when overwhelming numbers of products were physical ones. These practices,
which worked well for designing and manufacturing the physical products of the
Industrial Age, strongly influenced knowledge management, information systems,
and software development in the twentieth century.

In sharp contrast with the mass-produced physical products of industrial
machinery and its rigid processes, the use and benefits of knowledge are often
unpredictable, immeasurable and ill-defined. Software and business processes do
not degrade. Instead, the environment changes, and renders them obsolete. Despite
the widespread use of the term “systems (or software) maintenance,” we do not,
strictly speaking, maintain software or business processes as we would do with a
physical product. Instead, we upgrade and evolve them to meet the needs of a
changing environment. The New Age needs a new paradigm—the paradigm of
adaptability, agility, innovation, and blinding speed. The Knowledge Machine is
this machine, dedicated to the new gods of change, speed, and responsiveness.

Flexible processes must recognize, accept, and continually discover new infor-
mation, and feed it back to make course corrections and tailor the product appro-
priately. Flexibility, response to change, and enabling the creative process are
paramount in the Age of Knowledge. Collaboration, continual improvement, and
organic growth in response to change will be the buzzwords of the twenty-first cen-
tury. Live processes, backed by enabling software, and not just by documentation of
specifications, will measure progress. The focus will shift from building and deploy-
ing software, to building and managing a responsive process. The creation of soft-
ware and information systems will be automated. In other words, the Knowledge
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Machine will write its own software. It will program and reprogram itself in
response to change.253

Flowing from the first three assumptions of the Industrial Age is the assumption
that construction is significantly more expensive than design, and the cost of con-
struction mistakes rooted in incorrect design can be enormous. Therefore, conven-
tional wisdom tells us that it is worth determining requirements exhaustively, and
designing thoroughly, before building the product. These assumptions held for the
software of the twentieth century because construction and design of software were
labor-intensive. As we have seen, design and construction can be automated. When
this happens, the reasons for these assumptions will vanish like mist in the heat of a
new day and the light of a new sun. In the new age, autonomous processes will con-
tinually “hunt” for requirements and utilization, continually adjusting products,
and optimizing themselves in step with changing needs.

Customization, configuration, and reconfiguration will leverage commonality
to produce processes and information products with unprecedented resilience and
agility.254 Feedback loops in every layer of the architecture of the Knowledge
Machine will optimize performance and autonomy by “tweaking” products and
processes in response to changes in the environment.255 The Knowledge Machine
even may be the root cause of its own change. It may change its environment, and
then respond to the changes it has wrought by changing itself.

The Knowledge Machine can respond in this manner only if its components
have governance ports to govern, monitor, and reconfigure their performance. The
governing, tracking, and monitoring processes we discussed (see Chapter 2, Section
2.1) will be an integral part of the performance-optimized components of the
Knowledge Machine. Indeed, in the Knowledge Machine, it is a governing process
that will build and configure these components from the patterns within the reposi-
tory. The interlocking pieces of software that constitute these components will soon
be beyond the comprehension of most humans—even developers of information
systems. Only automation will be able to manage the vast amounts of information
that will reside in the repository and the complex interactions that will weave
through them. This Knowledge Machine, customizing, managing, and configuring
the meanings sleeping within its repository, will be as far removed from our pres-
ent-day computers as our computers are from the Roman abacus. Then, at last, the
Age of Knowledge will have truly arrived.
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PART I I
The Book of Change

“The time has come,” the Walrus said,
“To talk of many things:
Of shoes—and ships—and sealing wax—
Of cabbages—and kings—
And why the sea is boiling hot—
and whether pigs have wings.”

—Lewis Carroll, Through the Looking-Glass
and What Alice Found There, 1872



C H A P T E R 4

On the Nature of Change and Winged Pigs

Can pigs really have wings? Don’t be too surprised if you find winged pigs when you
are making fundamental changes. See Figure 4.1. Try the following experiment
the next time you use Microsoft Word. Open a new document and type “=
rand(200,99)” (the text within the quotes, not the quotes themselves, with no
spaces between characters), hit enter and wait three seconds. Surprised?

As managers of real organizations of real people in the real world, we all know
that the only constancy in change is surprise. “Expect the unexpected” is a wise
maxim for those who are brave enough to risk the turbulence and chaos that change
involves. We must survive in order to succeed. Change is like surgery. It is under-
taken to cure, but it is always risky. Change gone wrong can kill individuals’ careers
in the corporations for which they work, and even kill the corporations being
changed. This could happen because of faulty vision, defective business practices, or
mismatched technology, but the greatest risk lies in the emotional storm change
unleashes. It can kill careers and corporations. We might be dead right, but we will
not benefit, nor will the organizations for which we work, if we are dead.

To implement the technology in this book, you must enter uncharted waters
and make change. Change is fraught with risk. Managing risk was therefore too
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important a topic to ignore. This part of the book will provide a road map for man-
aging risk—actually, two complementary road maps:

• The process, or best practices map, to help to chart your course;
• The emotional parameters, or people map, to help you take each step on the

course you have charted.

Together, these maps will help you manage the risk of change.

4.1 The Technology Dimension

New methods, processes, tools, and techniques will be required to support the
approach in this book. You must realign your organization around these new pro-
cesses. The journey into uncharted waters is arduous, and the risk of getting lost
high. For this reason, the road maps in this part of the book provide points where
you can pause to take stock at every evolutionary step.

Experience shows that organizations cannot change by quantum leap and still
survive. The experiment with Microsoft Word was a harmless demonstration of a
technological glitch—a risk. The risk could have been much greater, but risk is
unavoidable when you abandon the old to reach for excellence. In this new age of
knowledge and unrelenting competition, the risk of stagnation is far worse than the
trials of blazing new trails. This makes it even more important to manage risk judi-
ciously, and change skillfully.

Organizational and process risks far outweigh the risk of new technology. Even
if we ignore the risk of technological failure, and consider only changes to the pro-
cess, the risk involved in aligning people, perceptions, attitudes, and organizational
culture to embrace the new process dwarfs any risk inherent in the process itself.
This is the reef on which the ship of change most often founders, and when it does,
emotions rise to the boiling point and the sea gets boiling hot.

The full risk of change is not just a sum of risks involved in changing people’s
attitudes, organizational processes, and technology. Each risk compounds the oth-
ers. See Figure 4.2. Trying to change all three simultaneously is usually a recipe for
disaster. Yet, more and more, technical innovations are driving changes in processes
and people. The safest strategy often is to change people through the process, mak-
ing only the changes that we must in technology and tools. As much as possible,
adapt the techniques to the tools that people know, and with which they are com-
fortable. As much as possible, try to keep the same look and feel for the techniques
you use. For instance, if people understand UML,256 format reusable components as
UML diagrams. If they have traditionally used PDM,257 use PDM to show process
flows. Add necessary notations or standards to capture, manually if need be, the
information these techniques might not support. Only when the process and the
people are ready can new tools and techniques be introduced, absorbed, and used
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develop, and deploy information systems. See the discussion in Box 22 in [337] and on our Web site.

257. PDM is an acronym for the Precedence Diagramming Method, a process mapping technique discussed on our Web site. See Figure 87 on
our Web site.



effectively to optimally benefit the business. Before that, they may actually com-
pound the confusion and increase the risk.

In Chapter 6, we will discuss the critical levels of organizational and process
maturity needed to implement and absorb the tools and the technology of Knowl-
edge Artifacts. However, regardless of the elegance and sophistication of these
Knowledge Artifacts, improved quality and increased agility for a business only will
flow if (business) systems engineers understand and utilize these artifacts. This must
be followed by their acceptance of artifacts and the support infrastructure, which
will include supporting services, methodologies, and tools. For this, we must change
both processes and people.

Figure 4.3(a) articulates this principle of change, highlighting that both
improved quality and acceptance of the solution are prerequisites for a tangible and
positive effect of new technology on the business.

Figure 4.3(b) tells us that the quality of solutions delivered to a customer will
depend on the ability of the process or information system built with the knowledge
artifacts to:

• Perform or support requisite tasks (Functionality);
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Figure 4.3 Realizing the benefits of quality, agility, and resilience: (a) success is not begotten by
quality alone, but it requires acceptance and utilization of a solution; and (b) perception of quality,
agility, and value.



• Adapt to changing requirements or innovative usage (Resilience);
• Satisfy quantitative and qualitative performance expectations (Appeal).

The agility of the business process or information system will be measured by its
ability to provide high quality business solutions in reduced time frames, and at
reduced cost. To achieve these goals, the right processes must support the right engi-
neers and designers of business processes and systems.

4.2 The Process Dimension

In Chapter 2, we have seen that the right process for leveraging Knowledge Artifacts
requires an automated repository. Process engineers and information systems archi-
tects will use a combination of processes and techniques, augmented by substantive
knowledge assets encapsulated in components stored in the repository, to rapidly
leverage quality at low cost. The low cost and rapid leverage will flow from
repeated reuse of widely shared universal patterns of knowledge. The intent will be
to amortize the one-time cost of building and setting up these knowledge assets in
the repository against their repeated use. There also will be repeating operational
and maintenance cost components, but these will be much smaller. The more often
they are used, the more the initial cost will be justified and spread over each use. To
do this, the process must combine industry knowledge with solution components, as
articulated in Figure 4.4.

Reuse requires a measure of standardization, consistency of use, and mechani-
zation of the process for building processes and information systems. This kind of
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standardization demands a high level of technological prowess and process matu-
rity in the organizations charged with building business processes and software.

Effective and economical reuse of knowledge artifacts in these organizations
can only occur if multiple projects and initiatives reuse the same artifacts, which are
repositories of shared knowledge. Few organizations have this capability at present,
and the large majority is far removed from this level of process maturity and techno-
logical sophistication. Chapter 6 addresses the issue. It provides a staged, evolution-
ary road map that sketches the path from a state of chaos and ad hoc fire drills,
through well-managed processes, to a level of process maturity where the organiza-
tion is capable of continually anticipating its needs and reinventing itself. It then can
improve its processes in step with the needs of its evolving environment.

In terms of the road map in Chapter 6, to utilize the technology of knowledge
artifacts effectively, an organization must be at the third or higher level of process
maturity. At this level, processes are well understood, standardized, and consistent
throughout business engineering and information systems development groups. For
most present-day organizations, this is a clarion call for fundamental change.

The risk of basing the map of change on the experience of one person alone, or
even the collective wisdom of several wise men, is too high. It is too risky, even if
they all have impeccable credentials. The model of organizational evolution pre-
sented later in Chapter 6 is based on the lessons learned by organizations in four
continents across the globe. The Capability Maturity Model® (CMM®) is the basis
of our best practices road map.

The CMM® focuses on Process. The Software Engineering Institute (SEI) devel-
oped the CMM®. The SEI collected best practices and lessons learned by a very
large cross section of organizations over several years. The CMM® is a tested,
tried-and-true set of best practices that have succeeded across a broad spectrum of
information technology organizations in a very wide variety of circumstances, busi-
ness environments, and cultures. It is used as a reference model throughout the
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world to improve performance, quality, and productivity of software organizations.
That is why this book has embraced it as the reference model that will help an orga-
nization gradually acquire the capabilities needed to leverage and nurture the tech-
nology of Knowledge Artifacts.

The CMM® consists of key practices. These are common themes of governance
and best practices. These themes will help organizations evolve and mature their
processes. With the CMM®, organizations may evolve their processes in step with
their needs and internal strengths. They can match the evolving demands of the
marketplace and their stakeholders, and rise to the challenges thrown by their
competitors. The CMM® is dynamic—it is designed to keep organizations in
motion—continually evolving, improving, and excelling as they rise to meet rapidly
evolving strategic challenges in their environments.

4.3 The People Dimension—The Emotional Dynamic of Change

However, the implementation of each key CMM® process can be a mini-change on
its own, and any change can cause turbulence in a corporation—political, emo-
tional, and technological. Even more than the CMM®, this is the primary risk you
must successfully navigate to make change. The root of this turbulence stems from
the emotions it unleashes among those impacted by change. This dynamic is even
more intense, if the organization grew to a position of leadership based on its past
successes; then sank into secure somnolence as it rested on its laurels; and now must
be jolted out of smug, self-satisfied stagnation, due to competition or fundamental
changes in its business environment that are looming large.

Experience has shown that the cycle of emotions, from the initiation of change
to its conclusion (successful or not), follows a predictable path. It is this cycle we
will examine first, and it is this cycle we must learn to navigate, because your success
as a change maker depends on it. The cycle will repeat itself for each key process and
phase of the CMM®, and, indeed, for whatever process you favor, if you choose not
to follow the CMM®.

This is why, even before we consider the CMM®, we must examine the emo-
tional dynamics of change. After all, that is the first, and worst, rock on which one
can founder. It is critical to chart a course around this obstacle as one steps through
the CMM®. That will be the focus of the next chapter.

4.4 Why Change?

“Companies are able to jump and stay ahead by implementing changes faster than
the competition.”

— Judith Hurwitz, a recognized authority on business rules

Change is risky business, and must be made judiciously. It must be sponsored to
mitigate even larger threats looming on the horizon or to seize strategic opportuni-
ties. In this age of intense competition and rapid innovation, these threats are an
increasing phenomenon. Opportunities and threats will force the pace even if we do
not. Survival and success in the New Age will increasingly belong to the makers, not
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the followers, of change. One must be the first to see and grasp opportunity from
the confluence of process, technology, and above all, innovation, in order to prosper
and sometimes even to survive.

Business engineering holds the key. Organizations that offer business process
engineering services could start becoming implementers of business transformation
through focused entry points. They should be an integral part of the team that leads
business transformation. They must support business transformation and process
improvement with high quality information systems and services, at low cost and in
tight time frames. Figure 4.5 tells us that the managers of business and systems engi-
neering organizations should consider a mix of strategies as they strive toward this
goal. Knowledge Artifacts are but one component of this strategy, but they are a
powerful component. Used appropriately, they can lend business processes and
information systems resilience, high quality, responsiveness, agility, and competi-
tive strength. Knowledge Artifacts will automate the development of business pro-
cesses and supporting information systems of the future. The process will become
less and less labor intensive. Perhaps, as the Age of Knowledge unfolds, business
engineers will leverage the technology of knowledge to lead the charge towards the
nimble, innovative, and competitive automated businesses of the future.
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C H A P T E R 5

Managing Emotions Unleashed by Change

The focus of this chapter is on managing the emotions unleashed by change. Change
will only succeed if there is a healthy dissatisfaction with the status quo. Let us
assume that you have decided to make fundamental changes to the way you oper-
ate, and the way you develop your processes and information systems. It is process,
governance, and goals that must change, but people also must commit to them,
implement them, and execute the change. See Figure 5.1. Herein lies your primary
risk. Without people, change will not happen, and change makes people anxious. It
might also make them curious or hopeful. When it does not, it will make them
angry, fearful, apathetic, despondent, or frustrated. The primary focus of any
change initiative must be on people, and must be vested in people. Only then will
change be fruitful. Figure 5.2 recommends communication, clarification, commit-
ment, and participation at every step of the journey, from conception to fruition of
change. It is a road map that cannot emphasize this aspect of change more. Its mes-
sage is to focus on people, every step along your way. Make them hopeful, curious,
committed, inspired, and excited.

Communication must focus on creating commitment and implementing
change. This is easier said than done. Jeanie Duck in [320] has identified four com-
mon sequential steps, from the time the decision to change is taken, to the point of
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fruition or abandonment of change.258 Jeanie Duck’s model envisions a change tra-
jectory that consists of:

• Preparation and planning for change;
• Implementation and cut over;
• Determination and postimplementation review;
• Fruition (or Failure).

Adequate preparation and accurate communication are the keys and the foun-
dations of Fruition. Preparation may only be neglected at grave risk, but it is
neglected too often.

5.1 Preparing for Change

As you prepare for change, you must have:
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• A vision of where you want to be after the change is complete.
• A sound and clear change strategy for getting there, and a passionate belief in

it. The strategy should include:
• The rationale for the change;
• The scope, purpose, and specific objectives of the change;
• The current and proposed business model, and the migration strategy;
• Business footprints and changes therein;
• Critical products, services, and capabilities, both current and planned;
• Critical values that will be shared by the organization, and their rationale;
• Deployment strategy: implementation, piloting and replication strategy, organi-

zational test beds, and risk management strategies.
• A high-level, time-bound change plan for the initiative. This plan must

address:
• The high-level, generic processes and information systems involved, including

key processes, technologies, and information systems;
• Resource requirements, allocations, and the resource plan;
• Division of responsibility for these processes (the roles, not necessarily individu-

als at this point), and any contingency plans;
• Required facilities, support, and locations;
• Organizational structure, compensation, and incentive plans;
• Size, skills, qualifications, and capabilities required of the work force (current

and planned), and the plan for achieving this;
• Deliverables and measures of success, including methods of assessing success

(i.e., how the measurements will be made, both qualitative and quantitative);
• Deployment plan: target groups, business footprints, deployment schedule, key

events and milestones.
• Acute sensitivity to emotional issues and the willingness to address them.
• A leadership team that will champion the change. This must be a senior man-

agement team. It is this team that will articulate the vision, purpose, and ratio-
nale for change; formulate the change strategy; develop the change plan;
sponsor it; and foster, lead and manage the change (see Figure 5.3).

Naturally, each element in the plan and strategy should mesh and be synergistic
with the others, but most of all, the leaders must be aligned. There must be unflinch-
ing commitment within the team that will lead and champion the change before it is
implemented. This is critical. It is also the single largest source of the single largest
risk.

Not everybody will have an appetite for change. Dissension and lack of align-
ment within the leadership team will quickly percolate through the organization. It
will lead to dissension within the organization, turf battles, power struggles and
resistance to change, jockeying for position, low morale, loss of productivity, and
loss of faith in the organization’s leaders. Other undesirable side effects will follow.
Naturally, there must be consequences for those who resist or cannot see the vision.
However, if the vision is not sharp, or if its articulation is not clear, then it will be
hard to gain commitment. People cannot support what they cannot understand.
The clearer the strategy is, and the easier it is to understand, the easier it will be to
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resolve issues within and without the leadership team, and to foster alignment. Rad-
ical change demands deep, firm, and even passionate, commitment from the organi-
zation’s leadership team.

This commitment, passion, and enthusiasm must filter into, and permeate, the
organization. Indeed, even before the plan is ready, it will help smooth the change if
the planning process is clear and transparent. It will help even more if it welcomes
contributions from those who might be impacted, and is supported by processes to
elicit feedback. Web-based discussion forums, lunch meetings, telecommunica-
tion-based public question-and-answer sessions, frequently asked questions (FAQ)
boards with answers, suggestion boxes, and a plethora of other mechanisms could
support a policy of transparency. The champions of change might even consider set-
ting up a mechanism to respond to suggestions, describe what alternatives were con-
sidered, and explain why they were accepted or rejected. Participation will help
secure commitment, and adding optimism to anxiety will foster hope, and hope will
foster anticipation as well as curiosity.

Hope is the key to commitment. Hope can inspire, excite, and ignite change. It
can sow an eagerness to contribute to the organization’s future. It can make people
commit. Openness, transparency, and the chance to have an input will foster hope
and participation. It will reduce cynicism, disbelief, and annoyance. However, par-
ticipation also will distract, and distraction reduces productivity. On the other
hand, even if the plans were formulated in secrecy, and the processes were opaque,
rumors would abound, and the resulting distraction, accompanied by anxiety, fear,
jockeying for position, rejection of change, and sabotage might be even greater. Pro-
ductivity might suffer more.

The plan must be reasonable. If the plan does not provide enough time or
resources, then stress levels will increase. The goals will not be realizable. People
will burn out, or credibility will suffer. The stress of change will be compounded to
intolerable levels. People will lose hope, and with it, their feelings of anticipation
and excitement. They will spin their wheels unproductively. The initiative will lose
steam, and the leaders will lose their credibility.
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Even if the vision is clear, the plan sound, and the organization caring, there
always will be doubters, along with individuals at every level of enthusiasm. Given
the corrosive impact of uncertainty and anxiety about personal adequacy (or the
lack of it), and uncertainty about career and individual prospects within a changed
organization, it is imperative that preparation for change be done expeditiously. Yet
preparation must do diligence to the change strategy and plan; otherwise, the same
issues and turf battles will surface with far more impact when the change is under-
way, and with redoubled intensity. There must be adequate time to prepare for
change, but only enough to prepare well.

Rushing to implement change without adequate planning and preparation can
break the initiative. If this happens, the technology, change initiatives, and manage-
ment in general will lose credibility. Cynicism will increase, and future initiatives
will be much harder to implement. The time allotted for planning and preparation
must be judiciously balanced to navigate between these two rocks that can make or
break the change.

Large corporations, especially global corporations, and supply chains can
encapsulate multiple business philosophies, values, and national cultures in their
diverse parts and departments. When the vision is well articulated, the goals clear,
and the planning process open, responsive, and well understood, this diversity of
cultures and business philosophies need not be hurdles. Instead, diversity can be
cause for synergy, creativity, and innovation. How cultural diversity will impact the
process of change depends largely on how it is managed. Figure 5.4 articulates how
cultural diversity, when managed correctly, will foster trust, respect, and creativity;
but managed incorrectly, it will degenerate into a downward spiral of conflict fired
by mistrust.
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People prefer clear, motivating, realizable goals. Without a clear vision, it will
be difficult to inspire and easy to confuse. There will be little to communicate, and it
will be even harder to consistently and credibly address the concerns of the
workforce, especially as the lines of communication lengthen and extend through
layers of management. Without understanding the plan, the workforce cannot do
the right things expeditiously, let alone do things right. The plan must be clear,
and it must be detailed. Above all, the plan must be discussed and agreed upon.
Leaders must be well briefed and prepared to answer, in depth, employees’ ques-
tions and concerns.

5.2 Implementing Change

The plan rolls out and starts deploying. Real people fill roles. New structures and
processes cut in. The emotions that had their genesis in the preparation phase inten-
sify. People start operating in new ways, and under new structures and business
models. Some people become confused. Confusion leads to frustration, annoyance,
anger, and feelings of inadequacy. People become apathetic or resentful. The situa-
tion becomes volatile and unstable. It needs even more management attention. The
leadership team cannot afford to prepare the ground and abdicate responsibility for
implementation. It must stay focused on implementing the change, supporting peo-
ple, and resolving problems. Only then will it mitigate the negative aspects of
implementation, foster recognition, and address the causes of confusion, apathy,
resentment, and inadequacy, in order to provide relief and inspire excitement.

One major cause of stress during the implementation phase is that it demands a
lot from individuals. Stress will increase even more if individuals have little control
on the nature of these demands. Compounding the stress, and raising it to even
higher levels, is the fact that these individuals may be in highly visible positions,
being watched carefully. The stress can become unbearable if they also worry that
they may not have the requisite knowledge or ability to meet expectations. For these
reasons, communication and resolution of issues, concerns, and problems acquires
even greater urgency as the organization starts transforming itself. Communication
must now be joined by support systems. Only with formal implementation support
systems and organizational support mechanisms will implementation problems,
issues, and concerns be adequately addressed.

Communication during implementation must address a much broader scope
than just telling people what to do or how to do it. It must continue to explain why.
It must continue to address how the decision was made, and the issues considered. It
must continue to seek feedback, and correct course, if need be. Implementation is
hard work, and people tend to burrow into their own work, teams, and projects.
Therefore, communication must seek to connect people to the rest of the organiza-
tion via regular updates and status reports. It will help individuals to feel connected
to the larger cause, help them to understand their contribution, and, above all, to
maintain their commitment to, the hard work of change.

If individuals do not agree with or understand the new rationale, then they will
not change their beliefs and assumptions. The commitment that flows from convic-
tion and understanding is essential to making change succeed. However, even with
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the best efforts and the most responsive implementation processes, there will always
be naysayers and saboteurs of change. Therefore, there must be consequences for
individuals who consistently violate the agreed-upon rules, or who abandon the
change altogether.

Conversely, even small successes and tangible deliverables merit recognition
and celebration. Major successes, such as delivery of high quality, agile, and resil-
ient processes or software, in compressed time frames and at lower cost, might have
to wait for fruition of the change initiative. However, to prevent people from burn-
ing out, it is essential to keep up the morale, momentum, and excitement of change,
even as it is being implemented. Therefore, even small successes and deliverables are
worth recognizing, commending, and even celebrating.

5.3 Determination—A Fork in the Road: Fruition or Failure?

Only after the change is implemented, absorbed, and integrated will its real impact
be clear. At this point, the change must begin to take root. Otherwise, it will wilt,
and may die on the vine. Management cannot afford to declare victory, and shift
their attention elsewhere. The leadership team must now nurse the change so that it
takes root. Support and communication must continue, but may change in their
tenor. It is a new and different phase, postimplementation, which will make or
break the change and the vision that spawned it.

The results of the change should now start becoming evident, but people are
exhausted. It is still a period of review, experimentation, interpretation, improve-
ment, and fine-tuning. The new way is implemented, but is not yet an old habit. Peo-
ple will get tired of spending energy to think and rethink their daily work and
ordinary day-to-day tasks. If they see signs of success, they will maintain their hope
and momentum in spite of their exhaustion and discomfort. Otherwise, they will
give up, or only will go through the motions, while hoping and waiting for the inevi-
table retreat.

Sometimes when implementation is poor, corporations will not even review the
change. Instead, they will let it die a quiet death. The firm will retreat, and the
change will quietly fail. Sometimes, the sponsors even may resort to “declaring vic-
tory,” and then retreating quietly. Determination is the time of maximum risk. It
can draw defeat from the jaws of victory (see Figure 5.2).

Postimplementation, the change becomes reality. It changes people’s work lives.
They will feel both the direct and indirect effects of change. They will know that it is
no passing cloud. It is how they will have to live and act in their new roles, under
new rules, and with new or different responsibilities. There will be some discomfort,
some conflict, and some negativity. Even if a part of the change does not sit well, it
can call the entire initiative into question. If support, attention, and communication
cease, or become tenuous, then the change will not take root, and it will be the
beginning of the end. Management must continue to nurture the change by continu-
ing the program of communication and support. They must keep communicating,
supporting, and resolving issues, concerns, and problems as the change takes hold.

The leaders of change also should make the time to formally and informally
connect with people at all levels, in order to get unfiltered feedback. The leaders

5.3 Determination—A Fork in the Road: Fruition or Failure? 253



must not neglect mutual communication between themselves. They must ensure
that the changes they have fostered reinforce each other, coordinate, and mesh.
They may tire of repeating the same messages ad nauseam, but, at this stage, repeti-
tion will be necessary to reinforce even familiar messages. In other words, the lead-
ers must continue to pay attention, or the change will fail.

Measures, metrics, and missed targets cannot merely be interesting informa-
tion. They must be cause for course corrections or recovery plans. Leaders must
continue to penalize those who abandon the process, or the agreed-upon rules. Peo-
ple also must be made aware of how their actions can affect the metrics, and can ric-
ochet through the initiative. At this time, what people truly believe, as opposed to
what they say they believe, will become clear. When the values articulated in the
plan are in conflict with business expediency or old instincts, believers will align
their actions with the new values, whereas nonbelievers will not. Actions, especially
difficult actions, aligned with values, will build trust, confidence, and momentum.
On the other hand, the actions of unbelievers will speak for them. Their actions will
not align with the new values, and because noncompliance will erode trust, will
reduce the momentum of change. Since this will disillusion the others, it cannot be
permitted.

The leadership can only shift its attention away from the change initiative pre-
maturely at great peril to the program they are leading. Given the amount of hard
work and stress people have suffered to make it happen, failure at this point will fuel
an intense feeling of futility, and morale will plummet like a rock. Cynicism will set
in, and the credibility of the leadership will be at stake. To manage the risk of fail-
ure, problems and concerns must continue to be addressed honestly and openly.
Negative events, setbacks, and failures must be acknowledged and addressed
frankly. It will raise, not lower, morale, and will nurture the change until its roots
strengthen enough to let it survive on its own.

As the roots of change slowly strengthen, people will truly begin to understand
and appreciate their present place in the new order. They will think about their
future prospects. They will consider what the change will mean to their careers.
They will reevaluate their capabilities, their trust in the leadership, their personal
and professional rewards and losses, and their compensation. Many people will
have been impacted profoundly for the better or for the worse. They will consider
the benefits of sticking with the change, versus jumping ship to a new job. Some will
question the vision, others will question the goals, and some, even if they concur
with the vision and goals, will question the business model, the strategy, or the plan.
Some may even back away from their own recommendations.

If key people start leaving en masse, then the hemorrhage can feed on itself,
encouraging others to leave. Recruiting the requisite talent also can become pain-
fully difficult if the change is cause for insurrection or an exodus of employees. The
change then will falter. However, backing off at this point can be disastrous. Man-
agement will lose credibility and respect. Those who worked hard at change will feel
marginalized. With their efforts wasted, morale will plunge. The leadership must
not let this come to pass. It will pin the firm and its leaders into a no-win situation.
Mass exodus or insurrection must be forestalled. Communication, management,
and addressing of employee concerns on time can forestall it. Communication and
support systems must alert management to these possibilities, and arrest the
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downward spiral well before problems reach this fever pitch. Like any other activ-
ity, even small successes will provide the key.

People need and want to be associated with success. In this phase, one should
put the spotlight on achievements, to foster hope and to keep up the momentum
painfully built. Assimilate and spread the learning that stems from both successes
and failures. As always, honesty, openness, and the willingness to address concerns
and manage conflict, backed by even a few successes, will win friends and build
support. It will take the organization forward to fruition and away from failure.
Intellectual and operational commitment was obtained during preparation and
implementation. Now is the time for emotional commitment to the change. Emo-
tions, both negative and positive, will peak in this phase. The postimplementation
phase will determine the success, or the abject failure of change. The leadership
must stay deeply involved to make it happen. Only then will we have a change
that lasts.

5.4 Fruition and Continuing Improvement

At last, the change takes root. The real and tangible benefits envisioned during prep-
aration are evident. Everybody recognizes them. The plan has borne fruit. Fruition
is the time to reflect and learn from the experience. It is a time for celebration, a time
of recognition and euphoria, a time for rest and success—but only for a little while.
It is also the time to prepare for the next cycle of change. If the lessons of implemen-
tation and determination have been well assimilated, then change will be easier the
next time around. The model of staged evolution in Chapter 6 has these rest stops
until its final destination. It ends in an organization mature enough to constantly
anticipate its environment, and to adapt to it just in time.

The model in Chapter 6 fosters evolution in discrete stages. Fruition of each
level of organizational capability in that model sets the stage, and is the launching
pad for the next. If the trust, unity, and camaraderie that have percolated through
the organization at the fruition of a stage are cemented before launching the next
cycle of change, then evolution will become progressively easier. Rewards and rec-
ognition should be equally shared, and relationships strengthened and consoli-
dated. The organizational capabilities and positive attitudes that were painfully
acquired should be institutionalized, so that they do not fade away with the passage
of time. These hard-won strengths will be critical for winning the next stage, and
bringing it to fruition rapidly and successfully. They will be invaluable assets when
the stresses of change must be managed once again.

Faith in the management team, and the trust placed in them, would be at an
all-time high at fruition. Management should capitalize on this confidence to insti-
tutionalize and nurture the newly acquired “soft” capabilities forged on the anvil of
change. These capabilities will include the skills of self-observation and course
correction, the positive attitudes to idea of change, and the feelings of confidence
bolstered by a “can-do” culture energized by camaraderie. Consolidating and pre-
serving these soft assets should be the new focus of the leadership team.

Management could reinforce and institutionalize these assets by awarding
performance bonuses, establishing new incentives and compensation plans, and
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creating and giving awards tied to accomplishment of goals. The leaders may estab-
lish schemes and career tracks to motivate the workforce to strive towards even
greater success the next time around. The champions born of the last cycle could
become the new leaders, trainers, and mentors for the next. Fresh blood can help
build future leaders and shore up those who are tired of the turmoil of change. Some
may be reluctant to change the changes they wrought. The next time around, it will
be easier, because everybody will be better prepared after assimilating the emotional
lessons of the changes just made.

The leadership team may be tempted to prolong the time it basks in the glow of
success before taking up the next challenge, but like the preparation phase, if they
tarry too long, then the glow will fade, stagnation will set in, and the next steps may
become harder. The staged evolutionary model in the next chapter will discourage
the transformation of old innovations into sacred cows without good reason. They
will drive a culture that discourages stagnation, encourages constant examination,
and stays abreast of a rapidly evolving environment. However, management must
stay involved, listening, communicating, and examining. They must set the pace,
and like preparation, the cycle of change must be paced correctly. The organization
must navigate between fatigue and the glow of past success. If the pace is too slow,
hard-won emotional assets may fade, and stagnation will replace evolution. If it is
too fast, the organization may be too tired to continue. Individuals may balk at
plunging into the intense turmoil of change again, and may not rise to the challenge.
Chaos and retreat may prevail over evolution.

Changes rarely can be made in one leap, but must be negotiated in small steps. It
is extremely risky for a large organization to change all at once. It is much safer to
change its parts one at a time, profiting from lessons learned at each step, and build-
ing the core of expertise and experience needed to lead the entire organization
through fundamental changes. Usually, visionary leaders who are willing to take
judicious risks to earn commensurate benefits lead the parts that are the first to
embrace change. When the change involves new technology, the technology enthu-
siasts must support the leaders. They must, as one team, be the engines that ignite
change. Their first focus necessarily must be on the benefits and features of the new
technology that will act as force multipliers to magnify their business leverage.
However, as we will see next, this focus must change, as change gathers momentum
and starts spreading through a large organization (or an industry).

Those who are the first to embrace change and bring it to fruition in an organi-
zation also will be the leaders who would spread the change to its other parts. They
usually will be risktakers. However, most people are risk-averse. They will seek
mitigation of risk and the comfort of reassurance more than the glitter of new
technology. The organizations that changed first must provide this support for
risktakers. It means emphasis now must shift from technology to unstinting support
and handholding of those who seek to change. It means setting up support mecha-
nisms, such as help desks, call centers, deputation of experts, and so forth. This
aspect of change is often overlooked, and many new ideas or new products have
come to fruition in universities or isolated corporate and industrial islands, only to
wither and die there. It is difficult to bring change to fruition, but it is even harder to
spread it and make it the norm.
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Successful, but isolated changes only can become the new norm if the first few
organizations that were instrumental in making the change now switch their focus
from new technology (the benefits of which they have already demonstrated, and
are the living proof of) to risk mitigation, reassurance, support, and leadership for
those who wish to follow them. Of course, there are some who will not change
even if hell freezes over, but most will follow a demonstrably good idea if they are
supported and their risks mitigated.259 In the age of constant learning and rapid
innovation, the cycle of change has less and less room for those who seek the com-
fort of stasis.

The cycle of change is slowly tightening. It is beginning to spin ever faster. The
postindustrial knowledge economy, driven by rapid dissemination of knowledge,
innovation, new learning, and technology, is driving the pace. The optimal gap
between fruition of change and the next cycle is reducing. The line between basking
in the sunshine of success and stagnating in the laurels of the past is beginning to
blur. Anticipation is beginning to replace reaction. Processes and plans that cannot
adapt even as they are being prepared and implemented run the grave risk of becom-
ing obsolete even before they can bear fruit. Less often can organizations shoot at
stationary targets. More often, the vehicles of change must track and home in on
moving targets even after the change initiative has been launched. The desired state
of the organization may change even as the program of change is underway. The age
of change is upon us. The process of change must flex accordingly. Continual
improvement is the ultimate goal of the Capability Maturity Model®, which is the
topic of the next chapter.
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259. Reference [321] has more information for readers interested in spreading proven but new technology.



C H A P T E R 6

Governance of Change

6.1 Developing and Keeping Organizational Capability

The last chapter was about managing the emotions unleashed by change. This chap-
ter will be about the processes that govern change and drive its evolution. Change is
difficult, both emotionally and operationally. It is even harder to keep changing.
People like stability. Change sows insecurity and discomfort. It also sows risk.
However, learning drives the knowledge economy. It demands that we keep chang-
ing. It requires, on the pain of extinction, that the constancy of stability be replaced
by the constancy of change and rapid evolution. This is a kind of constancy, in
which the search for opportunity, and the response to change, is constant. As shown
in Figure 6.1, change requires new systems and processes that will stabilize the capa-
bility to constantly learn, change, improve, invent, and evolve. To do this, the orga-
nization must develop a kind of emotional and operational resilience that is rare
in most present-day organizations. For most organizations, it is hard to change,
and even harder to institutionalize change. We must have a process that will help
us do so.

This is why this chapter will be about the processes that govern change and
drive its evolution. Our model of evolution and governance will be based on the
Capability Maturity Model® (CMM®). We discussed the reasons for this in Chap-
ter 4. The CMM® is a tested and tried road map for acquiring technological capa-
bility by evolving into it. It will help us evolve to the state where we can effectively
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Figure 6.1 The focus of this chapter will be processes for governing change. Institutionalize
them.



use Knowledge Artifacts to build and deploy robust and resilient business processes
and information systems. More and more, the New Age demands unprecedented
resilience and agility of our businesses, our operations, and our information sys-
tems. Knowledge Artifacts support the technology of resilience. To use and evolve
them effectively, we also must institutionalize the values, and foster the culture of
resilience agility and responsiveness. We must learn to turn on a dime before, and
better than, our competition.

Most organizations find this difficult, and the larger the organization is, the
harder it is to change. Henry Ford once said that customers could have any color car
they wanted, as long as it was black. The Industrial Age put its faith in stability and
mass production. It is this legacy that we must change, but we cannot change our
paradigms in one grand, quantum jump. We must evolve, step by measured step,
towards a business paradigm that replaces the value of stability with the value of
change; the constancy of operation with the constancy of resilience and responsive-
ness; and the stability of unchanging information systems with the constancy of
agile, resilient, responsive, and robust information systems.

Evolution is risky. We have seen that it is also painful. If it is risky, painful, and
random, then the risk of chaos will turn to certainty. Chaotic change will erode the
credibility of new technology. The organization may actually regress, lose what lit-
tle resilience it had, and become more cynical and even less capable than before. We
must therefore direct our evolution. The CMM® is a model of directed, measured
evolution.

The CMM® will help us evolve towards the goals we discussed in five measured
steps (see Figure 6.2). The goals and capabilities at each step are carefully selected to
prepare for the next. For most present day organizations seeking to replace the leg-
acy of the past with a culture that values change, innovation, resilience, and respon-
siveness, there are too many battles to be fought. When organizations attempt to
turn the legacy of the Industrial Age into the whirling chimera of the age of agility
they find it impossible to do everything that can be done. There is simply too much
to do. The CMM® will help select the right battles at each step along the way. It will
maximize the positive impact appropriate for that level of organizational capability.
It will help you time and choose your most critical battles, so that you can eventu-
ally win them all.

Even if the new practices are better than the old, we have seen that we will need
deep commitment and constant nurturing to make them survive. They must not be a
flash in the corporate pan, otherwise the effort would be wasted, and the next steps
would be impossible. The CMM® will help one to install the processes which, when
done well, will govern and institutionalize the best practices you would have pain-
fully built at each step. The CMM® helps to nurture and maintain commitment at
every step.

Organizations and business environments are as diverse as they are many. One
size cannot fit all. There are multiple paths to success. The best depends on environ-
mental factors, such as business drivers, culture, available skills, risk tolerance, and
other characteristics of the organization. The CMM® recognizes this. It maps a
broad and flexible, but proven, path that allows for environmental and cultural dif-
ferences between the vast diversity of organizations.
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To be broadly applicable, the themes prescribed by the CMM® necessarily
must be broad; that is, the CMM® must be generic.260 The CMM® provides the
space that most organizations need to fit it to their own custom environments. Yet
the CMM® is unambiguously sharp, crystal clear, and brutally specific about what
must be done at each step to gradually evolve towards a culture that thrives on
change and basks in the glow of constant improvement. The structure of the
CMM® will make this clear.
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Characteristics of organizations at each CMM Level

Characteristics
Ad hoc processes
“Cowboy” approach

No rules and discipline
Cost of quality is high

May endorse methods but
not monitored
May use tools, but they are
applied informally to
ad hoc processes

•
•

−
−

•

•

Characteristics
Management discipline in place
Project tracking and oversight in
place

Meets schedules and
commitments within acceptable
variance

Consensus on methods and tools
but not following a documented
process
Quality assurance in place

Focus on product quality,
schedule, cost

Component/software
configuration management in
place
Requirements based work
products (interim and final),
but not standard across
projects
Success through good
project management

•
•

−

•

•
−

•

•

•

Characteristics
Consistent organizational
methodology

Managed by Software Engineering
Process Group (SEPG)
Customized for each project
(standard processes can be
referred to and improved)
Problems are identified, fixed,
and tracked

Integrated software management
Methodology is consistently
followed
Common software components
centrally managed and reused
by projects
Requirements and design
configuration management
in place

•

−

−

−

•
−

−

−

Characteristics
Data on best practices
quantified

Used to plan and
manage projects

Focus on quantitative
Measurement of causal
relationships

Focus on process
improvement to
eliminate root

causes of defects

•

−

•
−

•

Characteristics
Focus on proactive best
Practice improvement
to prevent (not just
eliminate) incidence of
root causes of defects

Process change
management and process
quality criteria optimization

Pilot innovative ideas and
technologies to
improve best practices
and measurement,
analysis and deployment
techniques
Planned experiments on best
practices

•

−

•

Problems
Informal estimating and
tracking

Underestimated budgets
and schedules

Weak/no change control
Major impact of small
changes

No fault or fix tracking
No commitment reviews

Decisions are political
No objective assessment
of capabilities and
performance

Success depends on
individual developers

•

−

•
−

•
•

−
−

•

Problems
Insufficient or mistimed
training
Weak/no definition of testing
No fault data/metrics from
earlier projects to assist
planning and delivery
Nobody tasked to identify,
develop, or deploy best
practices

•

•
•

•

Problems
Weak/no use of quantitative
data on best practices for
planning, estimation or
quality assurance:

Cycle times and resource
utilization in the work
breakdown structure
Defect/fix densities and
cycle times
Completeness, complexity,
and consistency metrics
Reliability, performance, and
maintainability metrics
Etc.

No trends, projections, and
variance tracking of the data above
No causal analysis of defects
related to the process

•

−

−

−

−

−
•

•

Problems
Weak/no preventative
maintenance of best practices
Weak/no routine process for
continuous improvement of
best practice and preventing
causes of defects from occurring

•

•

CMM Level 2
(repeatable)

Can consistently repeat
previously mastered tasks

CMM Level 1
(initial)

Unpredictable, poorly
controlled processes

CMM evel L 3
(defined)

Best practices standardized
for organization

CMM Level 4
(managed)

Quantitative standards
and controls in place

CMM L evel 5
(optimizing)

Focus on continuous
process improvement

The organization must be at least 3 before it can effectively implement and utilize reusable componentsCMM Level

Figure 6.2 Characteristics of organizations at each level of process maturity.

260. Liskov’s Substitution Principle and the Principle of Parsimony discussed in Chapter 2, Section 2.1, demonstrate how generic themes sup-
port mutability and creativity. Liskov’s Substitution Principle discussed in more detail in Module 5, Sections 1 and 3, under “Mutuable
Perspectives,” and under process engineering is on our Web site.



6.2 Structure of the CMM®

The CMM® envisions five sequential levels of process maturity that progressively
lend organizations the capabilities they will need to foster an institutional culture of
continual technological improvement and resilience. They are:

1. Initial state: Processes are unpredictable and poorly controlled.
It is not that organizations cannot function and deliver products and
services in this state;261 it is only that they cannot be consistent in terms of
the effort required, and are more dependent on characteristics of
individuals than on consistency of processes.

Excellence is not impossible, even in the initial state. It can be achieved
through the “heroic efforts” and hard work of individual employees.
However, quality and consistency are better served if normal efforts of
normal employees can deliver both quality and consistency with
well-managed processes.

Given the chaotic nature of the initial state, focusing on improving the
processes of an organization in this state pays more than focusing on
improving its technology. Technology cannot be effectively leveraged if
processes are weak, and conversely, selection and use of technology will
be haphazard unless robust processes support them. This is why the
CMM® first seeks to rationalize and stabilize the processes of the
organization. It does not seek major initiatives to induct new technology,
nor does it emphasize standardization and sharing of processes or
technology across projects and groups. To evolve to Level 2, CMM®
looks for consistently repeatable results within a group or project team.

2. Repeatable: The capability to consistently repeat previously mastered
tasks with consistent results and consistent effort has been reached, but
the organization has no standard processes. Each group or project team
uses its own processes, but each has the capability to consistently get the
same results from the same processes within acceptable limits. The
CMM® now shifts its attention to evolving to the next level, by culling
the best of breed from each group to create organization-wide process
standards. If Knowledge Artifacts are being used by even a few projects,
then they may be harvested as the organization prepares for its Level 3
assessment.

3. Defined: Standardized and consistent best practices are the norm now.
This is the least required by the effective use of Knowledge Artifacts. We
discussed this aspect in Chapter 4. By institutionalizing shared best
practices across projects and processes, it prepares the organization for
their measurement and maintenance. If the use of Knowledge Artifacts
was harvested from Level 2, then it will be a part of the shared standard at
this point.

4. Managed: Consistent quantitative standards and management controls are
in place. They are aligned with business goals and business processes. It
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may be a cliché, but it is also true that what cannot be measured cannot
be managed. By focusing on measurement and corrective action, this step
prepares the organization for continual improvement and preventive
maintenance of its processes. It is the launching pad to Level 5, which is
the state of the organization in which the culture of optimization and the
use of Knowledge Artifacts can properly thrive.

5. Optimizing: Focus on continual improvement and adaptation of
processes, and anticipation of change in “preventive maintenance” mode,
now comes into their own. The organization will thrive on the continuing
challenge of remaining resilient, responsive, and “state-of-the-art,” under
the intense pressures of a rapidly evolving business environment.
Knowledge Artifacts will thrive.

The vast majority of organizations are at Level 1, a state with weak controls and
inconsistent governance. They must evolve from Level 1 to a state where gover-
nance is so sophisticated that change may be welcomed, and even institutionalized,
without cutting a swath of chaos through the organization. It is a daunting task. It
only can be done in measured steps. No step may be skipped. Figure 6.2 charts the
evolution from Level 1 to 5. It articulates the typical characteristics of organizations
at each level, and the problems that will spur the organization onto the next level in
its search for comfort under the constant drumbeat of improvement, both institu-
tionalized and continual.

In CMM® lexicon, the adjective “Key” is used to describe items that will con-
tribute most to the intent of that level. Each level has specific focus areas, called Key
Process Areas (KPAs). These KPAs identify which battles must be fought to reach
the level. The others can wait. Each KPA has specific goals that describe results, not
actions. Each KPA consists of multiple activities. Activities are processes for achiev-
ing the goals of that KPA. Each goal may be served by several activities, and con-
versely, an activity may serve several goals. The KPA is satisfied only when all of its
activities are properly completed. The adjective “properly” is the operative word
here. Each activity has specific performance criteria. These criteria are called Key
Practices.
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The CMM® is a model for improving and evolving software development capabilities.
With Knowledge Artifacts, the line between software and business process becomes
hazy. It might even vanish. The software may become a seamless expression of the pro-
cess. The CMM® consists of generic themes. They are equally applicable to software
and to business process design projects. In the sections that follow, we have adapted
the CMM® to reflect this seamless unity between software and the business process
that it supports. The term “business system,” sometimes abbreviated to simply “sys-
tem,” reflects this unified meaning.



Moreover, business processes are almost never infinitely reliable and consistent.
Sometimes they will fail, or be cause for anomalies. The results they produce may be
beyond the pale of the acceptable. Monitoring, governance, and tracking of pro-
cesses are a prerequisite for consistency. We have discussed this in Part I. The
CMM® focuses on governance and control. It also prescribes processes for higher
order governance that will institutionalize governance. Thus, we end with well gov-
erned institutional processes at the conclusion of each level of process maturity.
These create the stable base that facilitates evolution to the next level.

The risk of change gradually shrinks as the organization matures and steps up
through levels of capability. See Figure 6.3. No level may be skipped. Each is a
ski-jump for the next. Moreover, at each level, the organization must not merely
prepare to propel itself to the next level, but it must keep working on retaining the
capabilities it had acquired earlier. Otherwise, it may slip back. There are processes
at each level that will institutionalize and maintain these gains. At each level, the
CMM® not only identifies immediate goals and key processes for achieving them,
but also seeks:

• Commitment to perform: The CMM® focuses on Management commitment,
and identifies key practices and criteria for commitment at each level.

• Ability to perform: The CMM® focuses on key practices, ensuring that ade-
quate resources, such as time and money, are available, and enabling condi-
tions are met.

• Performance measurement and analysis: The CMM® identifies the key prac-
tices and the performance criteria, ensuring that all stakeholders transpar-
ently and accurately know the status of prescribed activities. It facilitates clear
and accurate communication.
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Maturity of the business systems engineering and deployment process

Risk of change

CMM Level 2
(repeatable)
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CMM Level 1
(initial)
Unpredictable,
poorly
controlled
processes

CMM Level 3
(defined)
Best practices
standardized
for organization

CMM Level 4
(managed)
Quantitative
standards
and controls
in place

CMM Level 5
(optimizing)
Focus on
continuous
process
improvement

Q
ua

nt
um

of
ris

k

Figure 6.3 The risks of change gradually shrink as the organization matures.



• Verification of implementation: The CMM® describes the management
reviews, key verification practices, and verification criteria that will keep the
initiative on track.

Thus, the CMM® drives and institutionalizes change through commitment,
ability, measurement, and verification. In CMM® lexicon, these four items are col-
lectively called the Common Features of CMM® levels. Figure 6.4 shows the over-
all structure of the CMM®.

Figure 6.5 shows, level by CMM® level, the issues on which management must
focus. These are the CMM® KPAs at each level. The goals of each KPA, and the
activities that support those goals, are shown in Figures 6.6 through 6.28.262 Bro-
ken-lined arrows in these figures associate activities with the goals they directly
support. Note that these goals, activities, and KPAs do not operate in isola-
tion—they reinforce each other. When activities are not associated with specific
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CMM Level

Activities

Common features
required for nurturing
and institutionalizing
key processes

Activities Activities

Performance
criteria

Commitment Ability Measurement
and analysis

Verification

Goals of each
focus area

Focus Areas (KPAs)

An activity may
support several
goals and a goal
may be supported
by several activities

Performance
criteria

Performance
criteria

Figure 6.4 Overall structure of the CMM®.

262. In CMM® lexicon, a “product” is an item delivered to the end user or customer, whereas “work product” includes both CMM® “prod-
ucts” and intermediate work products in the supply chain. The terms in Figures 6.6 through 6.28 conform to these meanings. Bear in
mind also that the term “Upper Management” in our adaptation of the CMM® is a synonym for “Senior Management” in CMM® ver-
sion 1.1. “Upper Managers” have general responsibility for the operation of the firm, more than project level responsibilities. Refer-
ences [146, 147, 319] detail the CMM®.



goals in Figures 6.6 through 6.28, it means that these activities generically impact all
of the goals of the KPA.

For most Level 1 organizations, streamlining the management of requirements
brings the biggest benefits. Knowledge artifacts encapsulate the rules and functional
requirements shared most often across businesses and information systems. Knowl-
edge Artifacts help the analysis of requirements.

If the patterns in Parts I and II initiate requirement captures and requirement
management processes, then they could help streamline them, although this is not
absolutely necessary at this point. A few groups or projects might start using these
patterns in some fragmented or rudimentary form as the organization starts prepar-
ing for Level 2. However, expect no major benefits from Knowledge Artifacts over
other methods at this point. The need of the hour is good, coordinated manage-
ment. Any process that manages requirements will have a major impact with or
without Knowledge Artifacts. Moreover, we will need a consistent process before
we can improve on it by introducing Knowledge Artifacts.

Once we have the consistent, if fragmented, processes that will establish a Level
2 capability, then we can consider introducing Knowledge Artifacts. If even a few
Level 2 groups or projects use Knowledge Artifacts, then they may be harvested at
Level 3. Even if these processes use Knowledge Artifacts in a rudimentary or
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Root cause analysis
and prevention

Technology change
management
Evaluate and
incorporate
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Can consistently
repeat previously
mastered tasks
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(initial)
Unpredictable,
poorly controlled
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CMM Level 3
(defined)
Best practices
standardized
for organization

CMM Level 4
(managed)
Quantitative
standards
and controls
in place

CMM Level 5
(optimizing)
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continuous
process
improvement

Requirements management
Reaching a common
understanding with
the customer

Project planning
Engineering plan and
risk management

Project tracking and
oversight
Making progress against
plan visible and actionable

Quality assurance
Making process and
product quality visible
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management
Maintaining integrity
of work products over
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Contract management
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aligned with business
need

Quantitative process
management
Quantitative
measurement
and control of process
performance against
quantified tolerances
and standards
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Figure 6.5 Focus Areas for Management.



fragmented form for the management of requirements at Level 2, then these pro-
cesses can be improved and harvested as the organization prepares for its Level 3
assessment. If the use of Knowledge Artifacts was harvested from Level 2, then they
will be a part of the shared standard at Level 3, which may then be refined at Level
4, and eventually be optimized to thrive at Level 5.

Figure 6.5 tells us that risks are front-loaded in the CMM®. The largest risks,
and the hardest and largest number of battles, must be fought early in the journey.
After the organization climbs past Level 2, the path becomes smoother, and evolu-
tion becomes easier. There are fewer battles and less risk. The culture of change will
begin to take root, and institutionalized experience will pave the cow path.

To qualify at a level, the organization must meet all the requirements of that
level. However, different parts of large or widely-spread-out organizations may be
at different levels of maturity. Indeed, each also may be at different points of the
emotional curve we discussed in Chapter 5. Some may vacillate back and forth
between the different emotional states we described in Chapter 5 as they evolve.
This is normal and expected. However, on occasion, when the change has not been
managed effectively, the organization even may slip back. This will be unaccept-
able, and must not happen.

On the other hand, shooting for a CMM® level does not mean that an enlight-
ened organization should give up the higher level activities that it may have already
institutionalized. Many activities are enlightened common sense, as we will see later
in this chapter. An organization (or its enlightened parts) might routinely conduct
some of the activities mandated at higher CMM® levels. However, unless it meets
all the criteria demanded by the higher CMM® level, the organization (or the part
of the organization) cannot qualify at that level. Conducting activities mandated by
higher levels may smooth the process of evolution, and make it less painful. Every
KPA, and to some extent every activity, will be cause for cycling through the
emotional states described in Chapter 5. Change of any kind can be emotionally
stressful.

The following sections will describe, level by CMM® level, the goals, activities,
and performance criteria for each KPA in Figure 6.5. They include the activities that
will institutionalize, nurture, and stabilize the change at each level. The figures in
these sections also may be used as process templates and dashboards to steer the
organization through painful evolution. If some of these figures are busy, it is
because they substitute for, and convey several hundred pages of, textual informa-
tion on the CMM®. Change is painful, but it also can be exhilarating.

6.3 CMM® Level 2: Consistent Repeatability—KPAs, Goals, and Activities

The set of business requirements is the reason for the creation and the existence of a
business system and its supporting software. Consistency in managing requirements
necessarily must be the first prerequisite for consistent business and systems soft-
ware development processes. It is naturally the most important KPA at Level 2.

Inconsistency also flows from poor planning and ill-managed risks. Consistent
project planning and oversight are necessary preconditions for consistent delivery of
business systems and supporting software. Figure 6.6 confirms this.
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At Level 1, Quality Assurance (QA) activities usually are not integrated into the
project plan. Quality Assurance is required to ensure consistent performance and
consistent course corrections. Without consistent quality, there can be no consis-
tently reliable process. Figure 6.6 also tells us so.

If the wrong versions or incorrect components are deployed or combined, then
the system will not perform reliably. Consistent delivery and performance of busi-
ness systems and software requires consistent configuration management (abbrevi-
ated to “SCM” or just “CM” in the figures that follow). It should be no surprise
that the CMM® focuses on configuration management processes at Level 2. The
CMM® requires a configuration management board called the SCCB to oversee
and coordinate components and releases across all impacted parties in the project
team. The actual configuration and repository administration is the responsibility
of a separate group. The SCCB oversees the activities of this group. For small and
simple projects, repository administration even may be a part time responsibility of
a team member. Figure 6.11 has more detail.

Inconsistent management of contractors, their activities, and products also will
lead to inconsistent components and inconsistent performance. Reliable contract
and contractor management necessarily must be a Level 2 KPA.
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Requirements management
Goals:

Establish, control, and utilize a requirements baseline
Ensure consistency of requirements with project plans, activities, and work products

•
•

Project planning
Goals:

Estimate projects in writing for planning and tracking purposes
Plan and document project activities and commitments
Ensure commitments are agreed upon between all mpacted groups

•
•
• i

Project tracking and oversight
Goals:

Track actuals against plans
Take and manage corrective actions on deviations to closure
Agree on (commitment) changes over the project’s life across all impacted groups

•
•
•

(Quality assurance)
Goals:

Plan quality assurance activities
Objectively verify that work products and activities comply with standards
Communicate QA results and activities to all impacted groups
Upper management resolves noncompliance when it cannot be resolved at the
project level

•
•
•
•

Configuration management
Goals:

Plan configuration management activities
Identify, control, and make selected work products available on time
Control changes to work products
Communicate systems, software, and component baseline statuses to all
impacted groups

•
•
•
•

Contract management
Goals:

Select qualified contractors and subcontractors
Agree on mutual commitments with contractors
Maintain ongoing communication with contractors
Track contractors’ performance against commitments

•
•
•
•

Figure 6.6 Level 2 goals by key process area.



In short, Level 2 is about consistently managing the processes that matter most
to consistently reliable performance. Figure 6.6 describes the goals of each Level 2
Key Process Area. Figures 6.7 through 6.12 describe how these goals, activities, and
acceptance criteria mesh and reinforce each other. Each activity in Figures 6.7
through 6.12 has been linked to the goal that it supports. A few activities in these
figures imply their own acceptance criteria, which therefore have not been explicitly
elaborated. The figures are annotated and self-explanatory. They need little further
elaboration. Together, they describe the processes required to move from the chaos
of Level 1 to the consistently reliable performance of Level 2.

Given the chaotic and inconsistent nature of Level 1, the transition to Level 2
emphasizes management and process more than technology. This focus is reflected
in the kind of training that the CMM® envisions at Level 2. The focus is on plan-
ning, estimating (see Figure 6.8), and managing (see Figure 6.9), more than on the
tools and technology of computerized systems. Indeed, the CMM® recognizes that
leaders are often promoted to positions of management based on their technical
skills and past technical performance. The CMM® tells us that we must shore this
up with equal, if not greater, emphasis on the enlightened management of people,
processes, and resources. Only then will consistent performance be possible.

The emphasis on written and formal procedures in transitioning from Level 1 to
2 appears at first to be somewhat onerous and ridden with red tape. The transition
from Level 1 to 2 often meets resistance on this count. However, documented com-
munications, plans, and policies are needed to institutionalize and institute lasting
change amid the chaos of Level 1. They are tangible and lasting tools for clearly
communicating and coordinating with consistency, and are symbols of manage-
ment commitment.

Written communication is needed because inconsistency often goes hand-in-
hand with informal, unwritten communication and inconsistent interpretation.
Formal documents will make communication tangible and puts it on record, along
with the clarifications, changes, commitments, risks, and disagreements that will
occur from time to time, so that processes become consistent before we cull and col-
lect the best practices from them at Level 3. It is worth investing the effort to for-
mally foster consistency.

Depending on their size, complexity, and situation, organizations will deter-
mine how elaborate each activity (and corresponding work products) in the follow-
ing figures must be. They will be customized to fit, and the activities always need not
be as onerous as they seem. The activities and their acceptance criteria in the follow-
ing figures are not just institutionalized business sense—they are institutionalized
common sense.

Although the CMM® does not demand it, experience shows that automation
will facilitate the process, especially configuration management. However, regard-
less of how it is done, clear communication is the single most important issue in suc-
cessfully making it to Level 2. We have discussed this in Chapter 5.

The requirement for estimating resource and schedule requirements from work
products (see Figure 6.8) also meets resistance when the organization is moving
from Level 1 to 2. At Level 1, estimates and changes are often pushed through based
on “political muscle” or wishful thinking. The result is that projects are often late
and over budget. Although estimates conformed to the wishes of important
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stakeholders at inception, the products nevertheless were delivered late, and were
sometimes defective.

Even when projects are finished on time, this mode of operation causes enor-
mous stress in the organization, and quality can suffer. At Level 2, the requirements
are that schedules and resource requirements be negotiated, based on concrete work
products, and not dictated by vacuous wishes. This will be even more true when
changes are considered (see Figure 6.9). Transitioning to this mode of estimation
may be stressful, but no more so than the collective and cumulative stress that the
organization already faces from missed schedules and budgets. Moreover, stresses
will reduce as the transition nears completion. All stakeholders will be winners in
processes that finish projects on time, within budget, and with few surprises.

6.4 CMM® Level 3: Standardized Best Practices Deployed and in Use—KPAs, Goals,
and Activities

At Level 2, the organization has processes that perform consistently. However, they
are not integrated, and are often fragmented. The need of the hour is to cull the
organization’s best practices from its fragmented parts and standardize the whole,
in order to share the common experience, so that the entire organization can benefit
from it. This is in what the CMM® calls the Organization’s standard process. The
Organization’s standard process integrates the best practices culled, collected, and
improved from Level 2. Note that it is possible for an organization to have more
than one standard; different standard processes may support different assumptions
or environments.

Someone has to build, own, and maintain the standard process(es). The
CMM® calls this group the Software Engineering Process Group (SEPG). Of
course, if Knowledge Artifacts are involved, then the standard process will not be
for software alone. Rather, it will integrate the software process with the process for
engineering business processes. We will call this integrated process the “business
systems process,” or “systems process” for short. If the intent is to deploy and stan-
dardize the use of Knowledge Artifacts, then the SEPG will own the business sys-
tems process.

At this time, management must necessarily shift focus to standardizing best
practices across the organization. Only then can businesses reap the benefits of
organization-wide use of best practices. The CMM® calls this “Organization Pro-
cess Focus”—the focus on collecting and transferring process improvements and
best practices across projects throughout the organization. It is a Level 3 KPA (see
Figure 6.13), and the SEPG is the organizational engine for it. The SEPG coordi-
nates the sharing of best practices across the organization. It does so with the Pro-
cess Repository.

The Process Repository is the storehouse of the organization’s collective experi-
ence in building, coordinating, and governing business systems development pro-
jects. This information must not only be organized and deployed throughout the
organization, but also must be easily accessible by individuals. The Process Reposi-
tory facilitates this. The Process Repository includes and expands on the Repository
of Knowledge in Figure 2.23. Figure 6.14 shows its contents.
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The process repository contains all of the work products of Level 2 processes,
enhanced and augmented by Level 3 key practices, as well as the work products
unique to Level 3. It contains the standard process(es), as well as their project level
customizations.

The process repository does not mandate the use of the Knowledge Artifacts of
Parts I and II of this book. They are not absolutely essential for standardizing the
business systems development processes, but the process repository and the prac-
tices at Level 3 are necessary for leveraging Knowledge Artifacts. We discussed the
reasons earlier in this chapter. Knowledge Artifacts will optimize the benefits of the
reuse and sharing of business process knowledge.

When Knowledge Artifacts are used, the objects, patterns, and rules in this book
(and [337]) will be reusable components that the standard process(es) will repeat-
edly leverage as it weaves them into business systems. These Knowledge Artifacts
may be customized to produce industry-, enterprise-, and even project-specific com-
ponents, as articulated in Chapter 2 (see Figure 6.14). Customization guidelines
(i.e., the activity called “Create and Maintain the Process Assets repository” in
Figure 6.16) should require that customization of knowledge artifacts be done by
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CMM Level 3 analysis hierarchyCapability Level 3
Standardized best
practices in use
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Goals:

Plan training
Offer technical and management training courses
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•
•
•
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•
•
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Define, integrate, and consistently perform software and systems
engineering tasks
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•

•
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•
•
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•
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attaching constraints (which are also components) to those objects.263 This will pre-
serve the integrity of the Universal Perspective, and the reusability of the artifacts
that flow from it, across multiple scopes and applications. The figures in this
chapter describe Level 3 processes that populate and leverage the repository of
Figure 6.14. The repository is a key asset and a resource for processes at Level 3
and beyond.

The flip side of “Organization Process Focus” is “Organization Process Defini-
tion.” This includes the creation and maintenance of the organization’s standard
processes, its software and systems development methodologies, plans, procedures,
and training materials. It also involves collecting process history, in terms of perfor-
mance, quality, cost, size, and other parameters, which will form the basis for
quantitative standards. Although these standards will be developed in Level 4, an
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User’s
perspective

• Standard process(es) and life cycles
– Process map, role responsibilities, procedures for each practice,

activity triggers (readiness criteria), completion criteria, resources
and work products, document oring
guidelines, etc.

• Tailored process for each project, its description, life cycle, assessments,
and findings

• Short- and long-term plans for process improvement
• Training records (including waivers with reasons) and plans
• Cross functional (intergroup) coordination plans
• Project plans (including purpose, schedules, work product size

and estimating models, resources, etc.) and actual progress
– Critical dependencies, proposed and executed corrective actions
– Action plans for process improvement based on assessment findings
– Project review agendas and records
– Risks, risk management plans, and risk tracking information
– Peer review records, plans, and checklists
– Test results, procedures, and cases
– Group issues identified and resolved; resolutions
– Measurement data for activities

• Training program quality measurements
• Work product quality measurements, especially customer and

user deliverables

ation, , tailKnowledge Artifacts

Generic
components

Custom
components

User’s experience and value

Customization services

Product and user support
tools and practices

Access management tools and practices

Configuration management
tools and practices

Process Repository

Contents

Defect information

Figure 6.14 The Level 3 process repository.

263. Module 6 of our Web site, and Chapter 3 of [337] discuss how features flow from constraints.



organization still will be capable of looking forward towards the standards that it
wishes to consolidate and quantify, as it forges ahead through Level 3.

Instituting organization-wide standard processes does not mean that one size
will fit all. Rather, it means that standard processes will be reference models, just as
was the Universal Perspective. Individual projects may tailor a standard process to
fit their specific situations and environments. Standard processes must help, not
hinder. They must leverage shared learning and common patterns, and not need-
lessly restrict the process best suited for the project and its staff. This can only hap-
pen if the users of the organization’s standard processes not only understand them,
but also understand how to use and customize them. Therefore, Level 3 also calls
for focusing on relevant training.

The CMM® calls this process of customizing project level software and busi-
ness systems development processes “Integrated Software Management.” The pro-
ject level process involves planning, tracking, and management of projects, based on
managed customization of an organization-wide standard methodology, and shar-
ing the lessons learned from it. It is a Level 3 KPA that complements the Project
Planning and Project Tracking KPAs built at Level 2. In our adaptation of the
CMM®, this KPA covers both software and business process engineering. We will
call it Standard Process Deployment, because it deploys the standard process to
individual projects.

Although training was a recognized activity in Level 2, it could sometimes be
mistimed or suboptimal. Now, we must refine and optimize it. At Level 3, the
systems development process is stable, standard, repeatable, and under control.
Organization-wide changes can be made and effectively coordinated. The training
program can be a coordinated instrument for integrating changes and process
improvements. Indeed, it must be, otherwise individual projects will not be able to
leverage the standard process, nor will they benefit from it. The benefits of organi-
zation-wide standards will flow only if management focuses on making training
an integrated, well-coordinated, and organization-wide program. Training thus
becomes a Key Process Area at Level 3.

Shifting to well-understood, organization-wide standards, which also will be
systematically used and systematically shared, calls for peer reviews and coordina-
tion between groups. These also must be areas of management focus. Hence, they
are also Level 3 key process areas. Figure 6.13 tells us this.

All this is in support of better business systems and software engineering. With
the chaotic and inconsistent processes of Level 2 streamlined and made consistent,
we can at last focus on better engineering. With processes being well-managed,
good systems engineering starts paying higher dividends to the business, and
becomes the key to better business systems. The engineering of software and busi-
ness systems, based on organization-wide best practices and a standard methodol-
ogy, is the bottom line at Level 3. The work product of the process is a business
system. Therefore, the process is called Business Systems and Software Engineering
in our adaptation of the CMM®.264 It is a KPA in Figure 6.13. Figure 6.13 also
emphasizes the fact that when Knowledge Artifacts are involved, this KPA will
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264. The CMM®, with its exclusive focus on software development, calls this KPA “Software Product Engineering.” References [146, 319]
have more information. Reference [147] has the more recent versions of staged and continuing improvement CMM® models published
by the Soaftware Engineering Institute (see Chapter 4).



cover the engineering (or the incorporation, if these components are available
“off-the-shelf”) of the components that we discussed in Part I. Figure 6.19 elabo-
rates on these concepts, to tell us that there is more to good business systems engi-
neering than writing good program code.

Like the goals and processes at Level 2, the goals and processes at Level 3 are
interdependent, and must mesh with each other. Figures 6.15 through 6.21 describe
the processes that build and use the process repository in support of the goals articu-
lated in Figure 6.13. The figures show how these processes all work together. Like
the figures that described Level 2 processes, the figures for Level 3 are annotated,
and require little further elaboration.

6.5 CMM® Level 4: Quantitative Standards and Controls in Place—KPAs, Goals,
and Activities

The real focus of Level 4 is quality assurance; that is, the quality of business systems
and software development activities and work products must stay within quantita-
tively measured tolerances.265 Thus, there are two prime foci—process quality and
product quality. Each is a KPA in Figure 6.22.266

Level 3 set the stage for this. Processes, practices, and work products were stan-
dardized and continually assessed. A robust databank was built in the Process
Repository (see Figure 6.14). With this accumulated information, we can start
establishing quantitative standards and tolerances at Level 4, which will then
become the springboard to Level 5. Level 5 will focus on the preemption of prob-
lems, preventive maintenance of the process, and its continuing improvement.
Before we can do this, we must set realistic expectations. This is the primary thrust
at Level 4. At Level 4, we focus on the establishment of the ranges within which we
expect our standard processes and work products will perform. We do this from the
performance histories we collected in our process repository at Level 3.

At Level 4, the thrust is to address the special causes that perturb process quality
and that of its work products, and to plan for and control them, based on quantified
metrics. It means that these metrics and tolerances must be formulated and tracked.
Just as the standard process had to be tailored to fit individual projects at Level 3,
the performance standards of the standard process (and its work products) must be
tailored to fit each individual project. This practice is a natural next step, an evolu-
tionary outgrowth from the best practices that were institutionalized in the Stan-
dard Process Deployment KPA of Level 3.

Each project can use these tolerances to quantitatively estimate its expected per-
formance —the ranges within which performance norms for its processes and prod-
ucts should lie. The CMM® calls this “Process Capability.” These expectations are
derived from the norms for standard processes, after accounting for the deviations
from the standard, and the customizations sanctioned for individual projects. The
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265. Tolerances are Knowledge Artifacts derived from the Metamodel of Knowledge. See Chapter 4, Section 3, under Information Quality, in
[337].

266. The CMM® calls the KPA that focuses on product quality Software Quality Management. With knowledge artifacts, the boundary
between software and business process becomes less sharp, and given the right tools, it can even vanish. Our adaptation of the CMM®
takes this into account. We call this KPA Quantitative Product Quality Management in our adaptation, because that is what it really is.
The product in question may be software, the business process, or an intermediate work product of the process that produces them.
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main aim at Level 4 is to build robust cause-and-effect models for process and work
product performance for the process that develops business systems and software.
In doing so, we can make the Level 4 process adaptive. It can respond to change and
make near real-time course corrections.

The following figures describe how Level 4 activities support the KPAs in Figure
6.22. Note how the Level 4 baseline not only describes measurement points, but
also real-time control points in the process. The process repository established in
Level 3 gets commensurately richer at Level 4. It includes the following information
that was missing at Level 3.

• The Level 3 project plan is enriched with governing tasks to home in on requi-
sitely quantified work product quality.

• Process measurement information augments other process and task
information.

• Project baselines are enhanced with process control parameters and
tolerances.

• Project goals are enriched with quantified information on work product qual-
ity, in terms of features of objects. “Object” includes the processes and tasks
we discussed in Chapter 2.

• Work products carry information about actually measured, quantified prod-
uct quality.

• The process repository now includes historical records of work product and
process quality.
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CMM Level 4 analysis hierarchy
Capability Level 4
Quantitative quality
management in place

Quantitative product quality management
Goals:

Plan activities to manage
the quality of business systems and
software produced by software and
systems engineering projects

for
business systems and software produced by
software and systems engineering projects

towards these goals

•

•

•

quantitatively

Define measurable goals and priorities

Quantify, track, and manage progress

Goals of key process areas (KPAs)
Quantitative process management
Goals:
• Plan activities to manage

business systems and software
development processes

• control business systems
and software processes

• Establish and use requisite
tolerances from the organization’s
standard process(es)

quantitatively

Quantitatively

quantified

Assure
process
quality

Specific goals that
will contribute the
most to quantitative
quality management

Assure
product
quality

Process capability

Figure 6.22 Level 4 goals by key process area.



• The standard process is enriched with quantitative information on standard
tolerances of key characteristics (features) of work products, and the perfor-
mance of key tasks and processes, in terms of the features of processes
described in Chapter 2.267

A Level 4 organization must focus almost exclusively on quality measurement
and control. The strong Level 4 focus on quality does not mean that organizations
at lower levels should not also focus on quality. Indeed, as we have seen, the quality
focus starts at Level 2. However, it does mean that Level 4 organizations will benefit
the most from a robust and quantitative focus on the quality and performance of
processes and work products. This quality focus will also enable the organization
to take the next evolutionary step up to Level 5. At Level 5, the organization will
perpetually strive to improve quality by unceasingly realigning work products,
processes, and technology with rapidly evolving business and technological envi-
ronments. Like the figures that described the best practices for Levels 1 and 2, the
best practices for Level 4 are annotated in Figures 6.23 and 6.24, and need little
additional elaboration.

6.6 CMM® Level 5: Continuous Process Improvement in Place—KPAs, Goals, and
Activities

Processes change resources into products. They are the agents of change. They also
may change other processes (see governing processes in Chapter 2). Evolution and
change are processes. They are processes that change institutions and institutional-
ized processes. The governance of evolution is the primary focus of Level 5.

At Level 4, we developed processes that would give us continuous feedback on
the quantitative performances of our products and processes. Level 4 gave us robust
mechanisms for cause-and-effect analyses. The next logical step is to use this feed-
back to start improving our processes and products, even anticipating and preempt-
ing defects and problems before they occur. In other words, at Level 5 we can
institute higher order governance that institutionalizes the very process of evolution
and change. A Level 5 firm is not a victim of evolution; instead, it anticipates and
directs evolution.

The CMM® recognizes two kinds of evolution—evolving technology and
evolving processes. To be effective, each must mesh with the other, evolving in lock
step. Each is a Level 5 KPA in Figure 6.25.

Any change, however well directed, and even when it is anticipated, involves
risk. The peer reviews started at Level 3 evolve into robust defect prevention prac-
tices at Level 5. Defect prevention is needed to keep directed evolution on track. It is
also a Level 5 KPA (see Figure 6.25).

It is not that organizations at lower CMM® levels do not, or cannot, change.
Indeed, in the Age of Knowledge, they often have to change, since they are driven by
the imperative to compete and conform to evolving regulations, even as they strive
to compete effectively. Those organizations that cannot change will perish in the
New Age. Most seasoned practitioners have experienced the pangs of change, the

296 Governance of Change

267. Module 5 on our Web site describes in detail features shared by all processes.
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glow of success, or the frustration of failure in organizations at every level of the
CMM®. However, at Level 5, change becomes institutionalized, relatively painless,
and, if such a thing can ever be said of change, it becomes routine. The risk of
change is reduced, and is balanced against the risk of failing to change. Institutional-
ized change becomes the norm.

At Level 5, a stable and well-controlled process will continue to consistently
produce effective work products even as it is changing, because the focus at Level 5
is on anticipating and preventing, not just correcting, defects. The Level 4 peer
reviews, the Level 4 analyses of the impacts of proposed changes, as well as the
Level 4 trends in tolerances that predict problems and scout for opportunity (in the
Quantitative Process Management KPA), are together the kernels from which the
best practices of Level 5 sprout and grow. They change the way we make change,
institutionalizing the process of change itself. Level 5 ensures that repose will not be
the destiny of Man,268 or the destiny of organizations and the people who run them.

At Level 5 we take preventive, not just corrective, actions. Consequently, the
process repository at Level 5 must be enhanced to support and institutionalize this
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CMM level 5 analysis hierarchy
Capability Level 5
Continuous improvement
institutionalized

Technology change management
Goals:

Plan absorption of technological
changes
Evaluate the impact of new technology
on quality and productivity
Make the right new technologies the
norm in the right practices throughout
the organization

•

•

•

Process capabilityProcess capability

Sp
ecific

goals
that

w
ill contribute

the
m

ost
to

stabilizing
change

and
m

aking
it

routine

Goals of key process areas (KPAs)

Defect prevention
Goals:

Plan defect prevention
Seek and identify common causes of
defects
Prioritize and

of defects

•
•

• systematically eliminate
causes

•

•

Identify, anticipate, and
prevent (not just
correct) defects and root
causes of defects
Integrate preventive
processes into the
organization’s standard
software/systems process

•
•
•

•
•
•

•

•

Optimize the process of
choosing technology to
upgrade quality,
productivity and timeliness
of software/systems
processes (based on
quantitative data)
Institutionalize, and
make routine, processes
for the transfer of
technology across projects
and levels of organizational
units

•
•
•
•
•
•

•
•
•
•
•

Process change management
Goals:

Plan continuous process improvement.
Organization-wide participation in
process improvement
Continuously improve the organization’s
standard software/business systems
development process, and the project
level processes derived from it

•
•

•
• Deploy a formal and

organization-wide
standard process for
continuous process
improvement

•
•
•
•

Figure 6.25 Level 5 goals by key process area.

268. Oliver Holmes, Jr. (1841–1935), a prominent American jurist and associate justice of the U.S. Supreme Court, said in a speech in 1897,
“Certainty generally is illusion, and repose is not the destiny of man.”



continuous striving for process improvement, complemented by the unceasing
search for new opportunity. This requires that the following additional items
become integral to the process repository at Level 5, enhancing and adding to its
contents from earlier levels (see Figure 6.24 and Section 6.4):

• Quality, Productivity, and Time-to-Market information;
• Standard Process Improvement Proposals;
• Standard Process Improvement Plans;
• Standard Process Improvement Actions;
• Technology Selection Criteria;
• Technology Assessments;
• Technology cost benefit analysis;
• Technology change plans;
• Pilot Project Plans;
• Pilot Project Results;
• Root causes of defects;
• Preventive actions;
• Defect Prevention recommendations;
• Defect prevention action items;
• Project level defect prevention data;
• Defect prevention Experiments and Results;
• Status of activities for Defect Prevention, Technology Change Management,

Process Improvement, and Standard Process Change Management.

The following figures describe the Level 5 activities and best practices that build
and use these contents of the process repository. Like the earlier figures in this chap-
ter that described the activities and best practices of prior CMM® levels, Figures
6.26 through 6.28 for Level 5 are annotated and require little further elaboration.

6.7 Gaps and Red Tape in the CMM®

Even a cursory inspection of Figures 6.6 through 6.28 tells us that implementing the
CMM® will not be a trivial task. Worse still, it seems that the task will be needlessly
onerous, burdened as it is by vast amounts of documentation and red tape. This was
true when the CMM® first entered the public domain in 1991. Fortunately, auto-
mation can help reduce the burden. For instance, the CMM® requires that we
record and measure the time taken for individual tasks, and thereby arrive at quan-
tified expectations of cycle times and variances in these (see Levels 3 and 4). Most
projects have time sheets that log the time individuals have worked on the tasks
allotted to them. Automating the time sheet and integrating it with the process
repository will automate data collection, and simplify the process of measurement.
Much of the other (apparent) red tape comes from CMM®’s insistence on getting
all impacted parties to agree on actions, and then documenting the actions. This is
normally good business practice, and most well-run businesses record the minutes
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of important meetings. Automation can help us associate these minutes, require-
ments, and assigned actions with the right items in the process repository, so that
they are easy to access, and easy to navigate from the right places. Today, there
are several vendors that provide the automation that will cut red tape and ease the
burden of implementing the CMM®.269 With automated help, much of the docu-
mentation that the CMM® asks for (e.g., written and published policies, plans, pro-
cedures, reviews, and records of actions) does not need to be excessively complex or
voluminous, unless of course, the organization chooses to make it so.

The CMM® is proven and stable, yet it is not perfect. There are gaps in
it—common themes and issues that it does not address adequately. Like the pro-
cesses it strives to change, the CMM® also must continually improve, evolve,
address changes in its environment, be driven by new learning, and continually
close new gaps even as they open. This will be the focus of the rest of this section.

The CMM®, forged for the U.S. Department of Defense, entered the public
domain in 1991. The definition of its five levels of process maturity has been stable
since the late 1980s, and its core of key processes and best practices has changed
very little since 1991. CMM® Version 1.1, released in 1993, made only minor revi-
sions to the version released in 1991. Readers interested in more detail may refer to
[146, 148]. This chapter has adapted CMM® Version 1.1. It is a stable, proven
version; most important of all, experience shows that it works in all industries and
cultures across the world. However, the unadapted CMM® limits its scope to soft-
ware development only. With Knowledge Artifacts, the distinction between busi-
ness process and software not only becomes hazy, but with the right kind of
automation, it can even disappear. Therefore, in our adaptation of the CMM®, we
have expanded the scope of best practices to include the business system. However,
this adaptation of the CMM® does not assume that development of software will
be completely automated. It leaves open the possibility that most probably it will
not be. Therefore, the practices in Figures 6.6 through 6.28 address both software
and business systems.

The CMM® is strong in addressing processes that develop custom solutions,
but weak in explicitly addressing processes that focus on solutions that can be
bought off-the-shelf and subsequently customized or integrated into the firm’s over-
all business process. Standards help communication and interoperability. Standards
may be implemented with standard components bought off-the-shelf (e.g., soft-
ware, processes, interfacing standards, protocols, and procedures).

The right standards will simplify, shorten, remove process redundancy, and
give each partner in a value chain visibility into the processes and information of the
other. Partners in a value chain may be supply chain partners, internal organiza-
tional units, or business functions that must be coordinated to produce value. On
the other hand, competitive advantage stems from differentiation of products, ser-
vices, processes, and customers’/stakeholders’ beliefs about the firm, its values, and
products. Therefore, a delicate balance must be struck between competitive strength
(through customized differentiation) and interoperability through standardization.
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269. For instance, CITIL, a software subsidiary of Citibank, Pragma Systems, based in Fairfax, Virginia, and other vendors have products for
automating CMM® implementation. As the CMM® gains broad acceptance worldwide, it is a rapidly burgeoning business opportunity
for vendors of process software.



The Metamodel of Knowledge is a standard that can foster integration of the cus-
tom with standards that foster sharing, lean thinking, and communication.

In the past, the availability of off-the-shelf generic components was either

sparse or nonexistent. This gap in the CMM® was therefore not a major issue. The
business-technology environment has changed, and the change is accelerating.
Leveraging off-the-shelf solutions is beginning to pay steadily increasing dividends.
It increases the effectiveness of businesses even as it reduces time to change. Our
adaptation of the CMM® addresses this issue. In Figures 6.6 through 6.28, we have
expanded the community involved in selecting best practices from the community
of software engineers, to the community of all stakeholders, such as customers, end
users, distributors and retailers of products (or their internal spokespersons), the
marketing and sales departments, and so forth. Indeed, more and more, the process
of producing business systems will resemble the SCOR Level 2 supply chain model,
in which products are made to stock, engineered to order, or configured to order
from components in stock, and then shipped to customers or users (see Figure 101
under “Supply and Demand Chains” on our Web site).

Much present-day software is manufactured, packaged, and delivered like an
industrial product. It might be packed and physically shipped (e.g., on a compact
disk), or delivered electronically through the Web. The CMM® does not explicitly
address best practices for handling, storing, packing, delivering, and installing soft-
ware, or activating customers and users, and then servicing them for the life of the
product. Neither does the CMM® address continuing maintenance, security, and
possibly automated product upgrades through the Web. However, the processes
and practices of the CMM® are generic enough to subsume and accommodate
these practices. It is important that those involved in designing or tailoring the stan-
dard process and procedures at Levels 3, 4, and 5 bear these factors in mind. Best
practices would be developed in individual projects at Level 2, and then will be
swept into the standard process at Level 3.

With its large administrative overhead, emphasis on formal and written com-
munication, recordkeeping, and potential for red tape, the CMM® also has been
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“Supply and Demand Chains,” on our Web site, discusses how custom and standard
components may collaborate, and how the Metamodel of Knowledge orchestrates
both to foster innovation and interoperability. The principal challenge in leveraging
standards while fostering differentiation and innovation is in striking the right balance
between the shared and the unique, as we saw in Chapter 2. If this division is defective,
then insistence on the standard will get in the way of innovation, responsiveness, and
lean processes. The intent of the Universal Perspective and the Metamodel of Knowl-
edge is to make it easier to separate the shared, and to identify the unique. As we have
seen in this book, the shared is often abstract, and is not always intuitive. Determining
the optimal balance between standardization and custom solutions is therefore fraught
with risk. The Universal Perspective will mitigate this risk. See Figure 96, and the dis-
cussion under it, in “Supply and Demand Chains” on our Web site.



criticized as being geared only towards large corporations. In smaller firms (or
smaller parts of large firms), communication and coordination can be much sim-
pler, and it might seem that several practices of the CMM® will be too burdensome.
However, good communication and recordkeeping are the keys to consistent opera-
tions that consistently produce work products (and services) of similar quality, even
if the people involved change. The CMM® does not ask that records be complex, or
procedures onerous. In a compact organization, possibly operating in a single (or
compact) geography in which communication and coordination are simple, the pro-
cedures and records required by the CMM® can be commensurately simple. The
right kind of automation in support of the CMM® can reduce the administrative
overhead even further.

6.7.1 Continuously Improving and Adapting the CMM®

The CMM® must adapt to change just as the process of evolution that it governs
must. Version 1.1 has enjoyed a record period of stability for a product that thrives
in an age of rapid-fire evolution and constant improvement. However, at the turn of
the century, a new version of CMM® called CMMI® was released. CMMI® (for
CMM Integrated) addresses the gaps we recently discussed.

• Links management and engineering activities to business objectives in more
detail than the CMM®, and requires alignment between project and organi-
zational objectives.

• CMMI® expands the scope of, and visibility into, product life cycles and engi-
neering activities to better align products and services with customer expecta-
tions, and reduce the risk of mismatches more than CMM® does.

• CMMI® absorbs and integrates more lessons learned from best practices
(e.g., measurement, risk management, and supplier management).

• CMMI® explicitly supports concurrent engineering and moving targets.
CMMI® has absorbed the Integrated Product Development Capability Matu-
rity Model®.

• CMMI® implements more robust high-maturity practices than the CMM®.
In the mid-1990s, more than three-quarters of organizations were at Level 1,
barely 15% were at Level 2, less than one in 10 at Level 3, and the number of
organizations at Levels 4 and 5 could be counted on the fingers of one hand.
As organizations have climbed the ladder of process maturity over the years,
CMMI® has absorbed and integrated the lessons learned into its high-matu-
rity best practices.

• CMMI® addresses additional functions and practices critical to products and
services.

• CMMI® is better aligned with the International Standards Organization’s
(ISO) quality standards.

• CMMI® is customizable. Just as the standard process described by the
CMM® has tailoring criteria and guidelines so that individual projects may
customize the process to fit specific needs, the CMMI® has tailoring
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guidelines that let users customize it to fit specific functions, industries, or
products.

CMMI® absorbs into itself, and integrates several models of evolution that
address specific contexts (e.g., software acquisition, systems engineering, product
development, and so forth). It has a total of 22 key process areas, as opposed to
the 18 of CMM® Version 1.1; 70 goals for these areas, as opposed to the 52 goals
of CMM® Version 1.1; and 417 activities, as opposed to the 316 of CMM®
Version 1.1.

CMMI® adds a Measurement and Analysis KPA at Level 2. At Level 3,
CMMI® recognizes that managing risk is a KPA by itself, and maps Integrated Soft-
ware Management of CMM® Version 1.1 into new Risk Management and Inte-
grated Project Management KPAs. The Integrated Project Management KPA of
CMMI® also subsumes the Intergroup Coordination KPA of CMM®. Moreover,
CMMI® breaks the Software Engineering KPA of CMM® into Requirements
Development,270 Technical Solution, Product Integration, Validation, and Verifica-
tion KPAs. Verification also subsumes the Peer reviews of CMM®. Moreover,
CMMI® adds a Decision Analysis and Resolution KPA to Level 3.

CMMI® reorganizes CMM® Level 4 practices into Organizational Process
Performance (performance of the Standard Process) and Quantitative Project Man-
agement KPAs. At Level 5, Causal Analysis and Resolution in CMMI® subsumes
the Defect Prevention of CMM®, and a new KPA that focuses on innovation and its
deployment (appropriately called Organizational Innovation and Deployment) sub-
sumes both Technology Change Management and Process Change Management,
tightly integrating each with the other.

CMMI® has shown an early promise of broad acceptance in the market. It
addresses the integration of business processes with software products, which is pre-
cisely where Knowledge Artifacts fit.271 Version 1.1, released in 2002, included two
years of lessons learned, and is expected to be stable.272 In contrast, the CMM® is
older, and experience in its use is commensurately richer. This is why this book
adapts the CMM® to support seamless integration of business process and software
engineering with Knowledge Artifacts. CMM® or CMMI® will prepare the organi-
zation to make effective use of standards, and the Universal Perspective is a stan-
dard set of business rules.

Knowledge Artifacts will only thrive and be used effectively when change is crit-
ical to the goals of the organization, its success, and survival. Effective management
of change, supported by a culture of adaptability, resilience, and continuous
improvement, is the crux. The CMM® has demonstrated that it can address these
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270. CMMI® asks us to focus on not just managing requirements, but on actually defining them via the Requirements Development KPA.
The CMM® subsumed this into its focus on engineering. Many practitioners will agree that this is a prerequisite for high-quality infor-
mation systems aligned with business goals. Knowledge artifacts contain prefabricated common requirements, usually those that are
absolutely essential to orchestrating the business, and integrating its major functions or supply chains. Thus, CMMI® and Knowledge
Artifacts are strongly synergistic and mutually supportive.

271. Knowledge Artifacts go beyond mere integration and alignment of business process with software. They address the synthesis of knowl-
edge and its expression through systems and software. It is the next step.

272. Reference [150] not only provides an overview of CMMI® and its early adopters, but it also describes their experience of CMMI®.



crucial needs effectively. It is not the only way (perhaps not even the best way), but it
is a proven approach. It works, and will address the heart of the problem.273

6.7.2 Alternatives to the CMM®

The CMM® is not the only framework for guided evolution of processes. Several
alternatives, such as Trillium (from Canada), SPICE, and others, exist and have
been successfully used. However, each has limitations and niches of excellence.274

Thus, those who must lead change have a wide choice of models and best practices
to choose from. They might even prefer to rely on custom models based on their
own experience. It will be a long haul for most firms before they can institutionalize
agility, continuous adaptation, and process improvement; and most of all, before
they can ensure that the quality of their work products will be consistently pre-
served, even as processes change and goals shift. A proven, widely used framework
like CMM® or CMMI® will reduce that risk.

6.8 Chief Information Officer, Chief Knowledge Officer, or Chief Process Officer?

The chief information officer (CIO) of a corporation is responsible for its auto-
mated information systems. It was not always so. Four decades ago, there was no
CIO. Five decades ago, there were few automated information systems.

Until the role of the CIO gelled, managers responsible for various operations
were also responsible for their local information system, either manual or auto-
mated. The role of the CIO evolved from the corporate need to orchestrate its
operations through integrated and timely high quality information. Information
Technology provided the opportunity. Information turned into a corporate asset,
and information systems became the utility that piped this asset to the business,
helping it scale up, increase productivity, and operate far more efficiently than
before. Local islands of information melted into the corporate information utility
that orchestrated the whole. Someone had to own this process and operate this util-
ity. The CIO was born.

Today, the CIO’s organization constantly develops new information systems,
while retiring or modifying the older systems, to address information quality
and alignment. The information systems department is responsible for improving
the alignment between automated information systems, business processes, and
evolving business requirements. It is the CIO’s responsibility to ensure that this
happens.
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273. Models of change evolve as much as the very change they seek to foster. CMMI® promises to be better than the CMM®, and is better
aligned with Knowledge Artifacts. The right balance between risk and payoff will change from situation to situation. Like the change
CMM® (and CMMI®) address, we can always change our model of change in step with new learning. The risk must justify it, and risk
reduces in step with experience.

274. References [148, 149, 151, 319] succinctly describe and compare different process maturity and capability models. A presentation by
Sterling Software in Impacts 2000, the 15th Annual SEI Symposium, at http://www.omahaspin.org/slide/200101CMMI.pdf, also lists
several niche alternatives to the CMM®, and compares them to an early version of CMMI®. Tantara, Inc., a business consulting firm
that specializes in software practices, the improvement of process effectiveness, and software product/service potential, also discusses
the relationships between various process improvement and quality models at http://www.tantara.ab.ca/a_isorel.htm (and the links pro-
vided therein).



The Information Age is upon us. In this new age, corporations are caught in the
pincer of rapid technological progress and intense competition. They are hammered
by frenetic innovation. Businesses must struggle to stay abreast, succeed, and sur-
vive, by being more innovative and customer-focused than their competitors. In
this, they are aided by technology, and by an educated, well-trained workforce that
they can empower to make the right decisions. Businesses must address the escalat-
ing expectations of their customers. They can be nimble enough to do this if they
empower the workforce to make the right decisions at the point of contact—the
place where the organization meets its environment and delivers value.

To do this right, business not only must do things right, but also do the right
things. Nimble, ever-changing processes must support the workforce, the supply
chain, and the customers of the business. It is not just software that must be main-
tained and continually developed and retired. Processes must continually change, be
altered, developed, tested, maintained, and retired. In other words, business pro-
cesses now need maintenance, just as software once did, and still does. Rapid-fire
innovation of processes is a key to survival, as much as rapid-fire innovation of
products and software.

New learning and innovation are rapidly expanding the horizons of knowledge.
New knowledge is driving the knowledge economy. Knowledge Artifacts seamlessly
integrate knowledge (e.g., business rules, products, and processes) with information
systems. Information systems become expressions of automated business knowl-
edge. Business knowledge can be bound so tightly to its automated expression that
the boundary between the information system and the business process could van-
ish.275 Does this mean that the CIO must now become the chief process or chief
knowledge officer (i.e., the keeper and guardian of corporate knowledge)? Does it
mean that we will have automated Knowledge and Business Process utilities that
will help businesses constantly turn on a dime to satisfy their customers, supply
chain partners, and stakeholders (see Box 21)?

Someone has to own, maintain, and run this Knowledge and Business Process
utility, and ensure the timeliness, relevance, and quality of its outputs. The office of
the CIO must evolve to take charge. This office will seamlessly integrate automated
information systems with automated technology and automated business processes,
all derived from the repository of corporate business knowledge, the management
of which will also be automated. The Age of Change requires us to change and to be
driven by new knowledge!

6.9 The Journey’s End

We must respond to change. The speed and agility of our response will be the keys
to power in the New Age (see Figure 6.29). Knowledge Artifacts—engineered pat-
terns of information that normalize business meanings—will help us become agile
and speedy. At Level 5, we will not only react to change, but will truly anticipate
and respond to it. We will seek to lead and shape, not just to correct and fit. In this
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275. Figures 16 and 17 under “The Architecture of Knowledge,” on our Web site, describe the distinction between business rules, informa-
tion systems, and business process automation. Module 5, Section 3, describes how programming and developing automation for
business systems may be automated. See “Crossing the Chasm” on our Web site.



chapter, we have seen how we can acquire this capability. Evolution is the key, but it
cannot be random; it must be directed evolution. At Level 5, we will thrive on
change. We will be agile and resilient businesses, thriving on innovation facilitated
by automation, and continually configuring, synthesizing, and reconfiguring the
meaning of business.276

Chapter 3 gave us a glimpse of the road that we will travel when Level 5 capa-
bility meets Knowledge Artifacts in an automated process repository of the future. It
showed us the journey’s end, a world in which the chief knowledge officer, perhaps
assisted by his subordinates, the chief process officer and the chief technology offi-
cer, preside over the corporate Knowledge utility. This utility will be an autono-
mous, self-adapting, self-governing system for building similar business systems.
Both will be powered by knowledge and meaning. They will respond to the environ-
ment by flexing, changing, and seeking the goals they must. Someday this might
happen. Its time has not yet come, and even when it does, it will still not be the jour-
ney’s end, because, in Eliot’s words from The Four Quartets, “To make an End is to
make a Beginning. The End is where we start from.”277

What we call the end is often a beginning. This book has ended. We trust it will
herald a new beginning.

“We shall not cease from exploration
And the end of all our exploring
Will be to arrive where we started
And know the place for the first time,
Through the unknown, remembered gate.

—T. S. Eliot, Little Gidding
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Mission
Deliver world-class
business systems to

customers in support
of their need for

speed, agility, and
power, in a dynamic

business environment,
constantly pressured

by change and innovation

Agility

Figure 6.29 Agility and speed will be the basis of power in the marketplace.

276. Figure 1.7 has an example of how business processes may be configured from meanings.
277. T. S. Eliot (1888–1965) was one of the first modern poets. “To make an End is to make a Beginning. The End is where we start from,” is

quote from “Little Gidding,” a poem he composed in 1942. “Little Gidding” is a part of a set of related poems known as The Four
Quartets by T. S. Eliot, composed from 1935 to 1942.



Epilogue

“The moment of the rose and the moment of the yew-tree
Are of equal duration …
For history is a pattern
Of timeless moments.”

—T. S. Eliot, Little Gidding

Visions Past and Future

Scenario 2003

On June 13, 2003, I met Allwys Preshurd of Insure Anything Anytime Inc. in his
office. Allwys and I had known each other for many years, and he wanted to show
me a typical day in his work life. I had confessed to him that I just love to watch peo-
ple at work, and that I do have the ability to literally become a fly on the wall. More-
over, as a fly, I am very quiet and quite unassuming—unless, of course, I spot a
flyswatter. Allwys had said that he would find it quite amusing to see me sitting qui-
etly on his wall for a change, and I was welcome to come and see him at work the
next day.

Allwys had a tough job—just the kind he wanted me to experience. He thought
it might be a sobering experience. He was a director of information systems at
Insure Anything Anytime, better known as IAA. IAA is a global insurance giant
with revenues in excess of $50 billion. Many of IAA’s large customers also are large
global firms with complex arrangements, which include subsidiaries and joint ven-
tures spread out across the globe. Their business and regulatory environments are as
diverse as their geographical footprints. Under the new initiative to better manage
IAA’s global risk, the intent was to centrally manage and integrate key corporate
information systems, such as those for risk management, underwriting, and finan-
cial accounting. This was Allwys’ charge.

Moreover, Bigguns Grandsons, the chairman of the board, had said that the
ability to be the first with the right products for the right customers, and sold
through the right channels, was imperative to the firm’s survival, because smaller,
more agile companies had started nibbling at IAA’s traditional share of the business.
This made Allwys’ job even harder. He was asked to meet impossible, nay insane,
delivery and development schedules to support the new products his colleagues
wanted to bring to market in record time.
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Horrid Cutlass, the president and CEO of IAA’s auto insurance subsidiary,
spurred by Hurrid Cutloss, the CFO, had recently declared a new policy. Insurance
products would be consolidated, and those that were making losses, or were judged
to be high-risk, would be dropped. Only low-risk drivers would be insured. Drivers
under 25, and drivers of new sports cars, were judged to be high-risk. The new rules
asked that they be dropped, and that all insurance products exclude them in the
future. It was critical to Allwys and IAA business managers that new business sys-
tems to support the new rules be delivered under very tight deadlines.

As I sat on the wall quietly in the midst of these tight deadlines, resisting the
strange urge to make loud buzzing noises, Ina Rush, the country manager of The
Republic of Karmania, rushed in. Ina told Allwys Preshurd that in Karmania, any
driver under 20, driving any sports car, new or old, or driving any new car of any
type was too risky to insure. Moreover, Karmanians were impatient customers, and
competition for low-risk drivers was stiff in Karmania. Ina’s sales force would visit
customers at home and at work, and generate insurance proposals on their new
notebook computers. Further, armed with the high quality and timely loss informa-
tion available in Karmania, they would offer to bind good customers to the pro-
posed insurance policy on the spot. Ina insisted that the delivery schedule for the
system must remain unchanged if IAA was to retain its envisioned competitive
advantage.

Allwys was just recovering from a sinking feeling in the stomach when his
phone rang. It was Presson Rushmore, the business manager for the Federation of
Trustlandia. Presson had changed the business policy for his country. Presson
wanted invoices to be sent to drivers based on verbal agreements, even before their
policies were mailed. Moreover, Presson wanted the payment made in advance for
drivers who were a high credit risk. Allwys was currently doing some rush work for
Presson. Presson wanted these changes included, but insisted that the old deadline
remain in place. After some argument, he reluctantly agreed to extend the delivery
schedule for the system by only one week. Allwys knew that without divine inter-
vention, he could not meet the schedule, but try telling Presson that!

As Allwys was trying to come to terms with this, his computer chimed. It told
him he had urgent mail. The message was from Parriand Thrust, the business head
of Gondola, a new market for IAA. The Gondolans had just changed their laws to
force the company to accept a threshold number of high-risk drivers. Parriand
Thrust had decided that not only would car dealers in Gondola be allowed to sell
some insurance products on a commission basis, but also that the company would
package its insurance products with optional warranties for its slow boats, a
Gondolan favorite. Parriand ended his message by saying that he could not extend
delivery schedules beyond a month, since he feared that competition would steal a
march on him.

Allwys arranged a teleconference to sort out priorities. As Allwys negotiated for
additional time, Presson Rushmore and Parriand Thrust (who were also competing
with each other internally) said that they might have to engage local outside
resources to do the development work. Only a year ago, President Horrid Cutlass
was pressuring the CIO, Allwys’ boss, who had been hired into the position, for not
being flexible enough to support the firm’s “be there first” policy. He was unhappy
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about the situation. The new CIO had a reputation for bringing in his own manage-
ment team from the outside.

Allwys’ Dilemma

Allwys Preshurd needed to respond rapidly to innovative products, services, and
changing regulations, with high-quality applications that must be successfully
deployed overseas. Otherwise, his position in IAA may be in jeopardy.

In order to do this, he needed to reference and classify large numbers of business
rules at a moment’s notice, and accurately assess the impact of changes on project
deadlines, systems specifications and code. He needed to minimize impact by lever-
aging the specifications (including models), code, and test stubs already in place,
and rapidly updating or adding additional business rules. Allwys’ inability to do this
efficiently is costing the company market share and revenues, and was jeopardizing
his career in IAA.

Scenario 2015

Being a fly makes me sleepy, especially when I am not even allowed to buzz around.
I fell asleep and had a strange dream. Allwys tells me I sleep and dream too much
anyway. I dreamed that I was a fly on the wall of a spanking new office. The calen-
dar read June 27, 2015. It was a hot and sticky summer day outside—just what any
self-respecting fly would dream of. As I was getting ready to fly out of the window, I
noticed that it was hermetically sealed, and that a new man sat at a spanking new
desk.

I soon learned his name was Hed Teclov. I gathered that he had Allwys’ job in
2015, and that IAA had evolved into a CMMI® Level 5 company. Over the years, it
had successfully integrated Knowledge Artifacts into a highly automated and auton-
omous Level 5 process repository.

After his conversation with the business manager for The Republic of
Karmania, Teclov pointed and shot at the “Auto Insurance” icon on his
strange-looking compact holographic desktop computer, and selected “business
rules.” He drilled down through “client” and “insurable client” icons to “insurable
client vehicles” with a touch of the mouse. He confirmed to the business manager
that the corporate policy insisted that the clients be at least 25 years old for new
sports cars, and that since his standards were actually stricter than the corporate
standard, it would be easy to do. He invited the manager to confirm the requirement
by reviewing a quick prototype.

The business rule was keyed into the rule engine, resident on an IAA rule server.
Corresponding specifications and a prototype were created automatically. The
business managers reviewed the prototype and requested a few alterations to the
GUI, which were made within the hour. Project schedules were not impacted.

Similar scenarios were played out for Trustlandia and Gondola. While
prototyping for Trustlandia, there was some discussion of how the terms of the ver-
bal agreement with customers would be recorded and confirmed. Teclov suggested
that a voice recording of phone or “across-the-table” conversation be stored in the
system, pending confirmation. The artifacts in the process repository could give
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renditions in any language in different scripts. The suggestion was accepted based
on the prototype. Teclov also suggested that individual salespersons download the
credit rating of prospects from a central server whenever an update was available
(the system would automatically check for it), in order to determine terms of pay-
ment. This was demonstrated in the prototype. The business manager pulled his
chair closer, and asked, “How much would this cost?” After some discussion, the
business manager thought that he might not have the local infrastructure to support
this in all offices worldwide, and would defer his decision, pending further analysis
of his local infrastructure in some of his newer markets. The boot, I thought to
myself, is on the other foot in 2015!

Analysts working for Teclov met with subject matter experts in Gondola to
identify rules for combining boat warranties with car insurance. They added these
rules to the “auto insurance product” category for Gondola, and developed a
proof-of-concept underwriting system that could be cloned to run on dealers’ PCs.
A server at IAA would track high-risk drivers insured under the new regulation, and
a link to dealers’ systems to enforce a rule that stops insuring high-risk drivers once
IAA’s quota is reached. Teclov and the country manager agreed to scale up the pro-
totype, and turn it into a production system.

The country managers wrote to Teclov, congratulating him on being responsive
to their pressing needs. The president of IAA recognized that the chief knowledge
officer was doing business in a new and more responsive way than before. The chief
knowledge officer congratulated Teclov, and told him he was being promoted.

The dream also had a surprise in store for me. The chief knowledge officer was
none other than my old friend Allwys! He was only slightly grayer at the temples. I
immediately flew off the wall to head out of the window, forgetting that it was
sealed. A nasty crack on the head woke me up. My dream ended. Allwys was stand-
ing over me in an obviously bad mood, holding a humongous flyswatter.
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Notes

Normalization

Normalization is a structured method of representing information in a non-r
edundant way. The opposite of normalization is denormalization. Designers some-
times denormalize information to optimize computer performance.

The objective of normalization is to simplify change. Since normalized informa-
tion is not duplicated redundantly in a system, changing it at its source automati-
cally makes the change effective wherever it impacts the system [297, 304]. See also
“Data Normalization—A Primer,” by Jeffrey K. Tyzzer, http://www.prestwood.
com/community/database/info/normalize.asp.

In the 1960s, there were rapid advances in database technology. It was natural
that industry first focused on data, as opposed to more generic business rule
normalizations. In 1970, Dr. E. F. Codd, a researcher at IBM, published a seminal
paper, “A Relational Model for Large Shared Databanks,” in Communications of
the ACM. This paper introduced data normalization. It was called “normaliza-
tion,” because President Nixon was normalizing relations with China at the time.
Since then, many prominent researchers have made significant contributions to data
normalization and the relational model.

Most popular database management systems are relational, and follow Codd’s
model closely. A relational database is a collection of two-dimensional tables con-
sisting of rows and columns. The tables, rows, and columns are called relations,
attributes, and tuples. The name for a relational database model is derived from the
term relation for a table.

In normalizing data, redundancies of data are progressively eliminated, and
tables decomposed into smaller and smaller relations as follows.

1. First Normal Form: A relation is said to be in First Normal Form if it
describes a single entity and it contains no repeating groups of data
attributes.

For example, an order table with a stream of several concatenated line
items is not in First Normal Form. To normalize it, line items would have
to be moved to a separate line item table and associated with the order,
via an order number common to both tables.

2. Second Normal Form: A relation is said to be in Second Normal Form if
in addition to the First Normal Form criteria, all attributes are dependent
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on the full primary key. That is, the value of each attribute can be
determined only if we know the value of the full primary key of the table,
and not just a part of the key.

For example, if the vendor code is incorporated into the order
number, and each line item in a purchase order repeats the vendor’s code,
name, and address, then it is not in second normal form. The vendor code
would have to be separated from the order number in the line item table,
and the vendor name and address would have to move to a vendor table
with vendor code as its primary key, to reduce the relation to Second
Normal Form.

3. Third Normal Form: A relation is in Third Normal Form if, in addition to
Second Normal Form, all nonkey attributes are completely independent of
each other. That is, each attribute is a function of the key, the whole key,
and nothing but the key.

For example, assuming that the vendor has only one mailing address,
if the vendor address in the vendor table had both the full and abbreviated
names of the state, then it would not be in Third Normal Form. The name
of the state then could be derived from either the vendor code or state
abbreviation. To reduce it to Third Normal Form, the full name of the
state would have to move to a state name table, where the primary key
would be its abbreviated name.

4. Fourth Normal Form: A table is in Fourth Normal Form if, in addition to
Third Normal Form, it has, at most, one many-to-one or one-to-many
relationship.

For example, if the vendor table has information on items the vendor
may supply, and vendors supply several items, and also includes the URL
of his home page, of which there also may be several for each vendor, then
the table would not be in Fourth Normal Form. The vendor-URL combo
and vendor-item combo would have to be removed to different tables to
reduce it to Fourth Normal Form.

5. Fifth Normal Form: A table is in Fifth Normal Form if, in addition to
Fourth Normal Form, it has no cyclic dependencies.

For example, suppose each vendor has a head office; each head office has a
CEO, which implies each vendor has a CEO; and each vendor is assigned an inter-
nal credit rating, depending on these three items: the vendor’s S&P rating, the loca-
tion (country) of the head office, and the name of the CEO. If the CEO’s identity is
included in either the vendor table or the head-office table, then it is implied in the
other. To be in Fifth Normal Form, the key of the internal credit rating table would
have to be a composite of only two of the three items: S&P rating, head-office,
and CEO.

The process of normalization generally breaks a table into many independent
tables. While a fully normalized database can yield very flexible models, it might
perform very inefficiently on computer systems. Database designers then reintro-
duce redundancy, but in a strictly controlled form, so that the impact of change can
be readily traced and controlled. This process, the opposite of normalization, is
called denormalization.
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Codd developed the algebra of data normalization, and much subsequent prog-
ress has been made in normalizing data. Codd’s algebra and associated data nor-
malization theory do not address business meaning. They only address the structure
of two-dimensional tables, and how data can be stored nonredundantly in these
rows and columns.

Ideally, it should be possible to store any information (e.g., data, business rules,
or knowledge) in a single place in a nonredundant way, so that if it changes, the
change can automatically become effective wherever it impacts business processes
and supporting automation. This book and its companion book describe the basis
for this concept. The Metamodel of Knowledge and the Universal Perspective nor-
malize not only data, but business rules, in general.

Messages Between Objects

In information systems parlance, objects are said to pass messages to each other.
Similarly Petrinets, SPREM, and other process algebras, model sequencing and con-
ditional branching of processes by pretending processes are passing tokens to each
other. See Process Algebras and Techniques in the References for more detail. These
are undoubtedly useful in some contexts, but we must not lose sight of the fact that
they are mere artifices to try to force the behavior of the real world into the same
mold as computer network, software, and hardware systems. Real world behavior
just is. The rules are merely assertions about reality. Objects, relationships, and
other components of our metamodel are merely natural expressions of reality. Pass-
ing messages in the real world is a different issue, distinct from assertions about
sequences and relationships that just are.

On a more arcane level, a set of experiments called the “Aspect experiments”
has become a cornerstone of modern physics. These experiments were performed
between 1981 and 1982 by Alain Aspect, Philipp Grangier, Gerard Roger, and Jean
Dalibard, at the Institut d’Optique Theoretique et Appliquee, Orsay, France.

The results surprised and shocked many physicists by demonstrating that physi-
cally separate objects can, and do, influence each other without passing messages or
signals of any kind between them. The scientifically inclined reader will find more
information on this experiment in The Meaning of Quantum Theory, by Jim
Baggot, pp. 131–156, published by Oxford University Press in 1992; and in The
Conscious Universe, by Menas Kafatos and Robert Nadeau, pp. 9, 71–72, and 165,
published by Springer-Verlag in 1990.

History of How the Concepts of Matter and Energy Were Developed

Thales of Miletus (638–548 B.C.), a Greek philosopher, developed the theory of
matter based upon water. Antoine Laurent Lavoisier (1743–1794), a French chem-
ist, was the author of the first version of the law of conservation of matter in 1787.

The curious reader can find more information in an article in The Internet
Encyclopedia of Philosophy by Patricia O’Grady, the Flinders University of South
Australia, Adelaide, Australia, http://www.iep.utm.edu/t/thales.htm.
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Starting in the 1650s, it took over 150 years to develop the concept of energy.
Huygens (in the 1650s) was the first. He stated that energy is a measure of the ability
of a physical system to do work, and can be measured (in ergs). He added that
energy, unlike matter, has no size or shape, nor does energy occupy space or have
inertia. Julius Robert von Mayer (1814–1878), a German physicist, and James Joule
shared the credit for the discovery of the universal law of conservation of energy, in
1842 and 1843, respectively.

Shannon’s hallmark paper on information content was published in 1948,
almost 300 years after Huygens. That paper did to information theory what
Huygens did to the concept of energy. We have dedicated a separate endnote to
Shannon’s paper, “A Mathematical Theory of Communication,” for the curious
reader.

How Information Is Related to Physical Objects

Other less obvious examples of different expressions of the same information in the
real world may be found in the physical sciences as well. We take for granted that a
single physical law can govern the behavior of several physical objects. The law is a
single piece of information. The objects that express it may be many.

For example, the formula for the gravitational attraction between two material
objects states that the attractive force is proportional to the product of their individ-
ual masses, divided by the square of the distance between the two objects. It is a sin-
gle piece of information expressed individually by every possible pair of material
objects in the universe. This does not make the information conveyed by this for-
mula any less real than the matter contained separately in each object, or the energy
contained in the gravitational field between each pair of objects.

Indeed, we only can sense physical objects because of their information con-
tent—the information that they convey to us directly through our five senses, or
indirectly via our instruments and sensors to one or more of our five senses.

Locale of Matter and Energy

We have ignored quantum effects in making the statement that matter and energy
are localized. Quantum mechanics is hardly germane to phenomena of interest to
business, and in any case, the scope of this book is limited to purely deterministic
behavior.

There are several excellent books on quantum phenomena such as: The Mean-
ing of Quantum Theory, by Jim Baggot, published by the Oxford University Press in
1992; The Nature of Space and Time, by Stephen Hawking and Roger Penrose,
published by Princeton University Press in 1996; and Quantum Mechanics and
Experience, by David Albert, published by Harvard University Press in 1992.
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Measure of Information: Shannon’s Information Theory

Claude Shannon of Bell Laboratories published his landmark paper, “A Mathemat-
ical Theory of Communication,” in 1948. His theory involved communication the-
ory, statistics, and probability theory.

In Shannon’s theory, information is a measure of surprise based on uncertainty.
Shannon’s theory does not deal with meaning and its implications in terms of infor-
mation, which is the focus of the book. Shannon’s model of information measures
the expression of information, observed either in a message or a system.

To quote verbatim, Shannon says that uncertainty is the average “surprisal for
the infinite string of symbols produced by a device.”

Shannon’s theory implies that the less the content of the message, and the less
the result actually observed were expected, the more the information content of teh
observation will be. The unit of measure of information is called bit. If a system has
an even chance, or probability, of being in one of M possible states, or a message has
M possible values, all of which are equiprobable, then the amount of information in
that system or message is given by the following formula:

Amount of Information = log2(M)

where M is the number of possible states or values.
When the chances of outcomes are uneven, the amount of information is com-

puted by:
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where H is the amount of information and Pi is the probability of the ith of M possi-
ble outcomes.

One of the most prominent mathematicians of the twentieth century, A. N.
Kolmogorov, showed that Shannon’s measures of information are consistent with
the increasing amounts of information conveyed by nominal, ordinal, difference
scaled, and ratio scaled domains, respectively.

For example, in the parable about Jim, Jane, and Robert in Chapter 1, how
much information does a person’s gender convey? Assume that it is equally likely
that a person may be a man or woman. Since there are only two possibilities (M = 2
in the formula), Shannon’s formula would yield:

Amount of information = log2(2) = 1 bit of information

Let us compare the information content of gender, defined on a nominal
domain, with the information content of color preference, which is defined on an
ordinal domain. To make the calculation simple, assume that Jim asks Jane to con-
sider only red and green; that is, he asks, between green and red cars, which would
Jane prefer, if all else were equal. Until she actually tells him, Jim has to assume that
all answers are equally likely. The possibilities are:
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1. Jane likes red cars more than green cars.
2. She likes both equally.
3. She likes green cars more than red cars.

Since there are three equally likely answers, Shannon’s formula says:
Amount of Information in Jane’s answer to Jim = log2(3) = 1.585 bits of

information
This is more than the amount of information conveyed by gender.
It demonstrates that the quantum of information conveyed by Jane’s preference

for car color is more than that conveyed by the knowledge of her gender. The reason
this happened was because color preference mapped to an ordinal domain, whereas
gender mapped to a nominal domain. Thus, ordinal domains are richer in informa-
tion. This conclusion is consistent with our metamodel of knowledge.

Shannon’s theory is tangential to the metamodel of knowledge in this book.
Shannon’s theory focuses more on the fundamental laws of data compression and
transmission. My focus is on discovering the natural structure that will help us nor-
malize knowledge, not measure information expressed by messages or observa-
tions. However, the two perspectives are mutually consistent.

The Information Theory Primer, by Thomas D. Schneider, though written for
molecular biologists, is a lucid introductory document that can explain information
theory to any mathematically inclined reader. The publication may be found at
http://www-lecb.ncifcrf.gov/~toms/paper/primer/latex/index.html

Lecture notes from “A Short Course in Information Theory,” a set of eight lec-
tures on information theory, by David J. C. MacKay of Cavendish Laboratory,
Cambridge, Great Britain, January 1995, has links to Tom Schnieder’s primer, as
well as to other relevant publications. The publication may be found at http://wol.
ra.phy.cam.ac.uk/pub/mackay/info-theory/course.html.

Advanced material may be found in the paper, Entropy and Information The-
ory, by Robert Gray of Information Systems Laboratory, Stanford University,
published by Springer-Verlag in 1990. The publication may also be found at
http://ee.stanford.edu/~gray/it.pdf.

In “Fifty Years of Shannon Theory,” by Sergio Verdu, Fellow, IEEE, published
in IEEE Transactions on Information Theory, Vol. 44, No. 6, October 1998, the
author details Shannon’s work and its extension by other researchers. Verdu
describes how the theory also applies to diverse fields of knowledge beyond
just data compression and transmission. The publication may also be found at
http://www.ehb.itu.edu.tr/~devrim/shannon.pdf.

Mathematical Theory of Categories (or Types): Domains, Functions, Groups,
Functors, and Morphisms

Categories are among the most basic structures in mathematics created to describe
natural transformations, according to Saunders McLane, one of the creators of the
theory of Categories. The theory of Categories is the theoretical foundation of the
techniques in this book. It is also the underpinning of various popular process alge-
bras and theoretical work on Information Systems.
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A category is a set of objects and mappings between categories, called
morphisms (see the definitions of category and morphism later in this Note). The
fundamental axiom of the theory of categories is that everything happens between
and within categories.

A complete of transformations on rules, which does note alter the original rules
after the full set of transforms have been applied, is called a Group. The item subject
to transformation may be anything at all (e.g., objects, rules, numbers, relation-
ships, attributes, state spaces, and so forth). Mathematically, a group is a category
with one object, in which all morphisms are isomorphisms (i.e., the set of transfor-
mations leaves the rules unchanged). For a more rigorous definition of a group and
more information, see:

Group:
http://www.math.niu.edu/~beachy/abstract_algebra/study_guide/31.html

Isomorphism:
http://www.math.niu.edu/~beachy/abstract_algebra/study_guide/34.html or
Isomorphism from Wikipedia at
http://www.wikipedia.com/wiki/isomorphism. “An isomorphism is a
bijection from one set of a mathematical object to the set of another
mathematical object, such that the structures defined upon these sets in
these objects, such as orderings and operations, are preserved.”
Order isomorphism from Wikipedia: http://www.wikipedia.com/wiki/
order+isomorphism. Useful for ordinally scaled values: An order
isomorphism is an isomorphism between a pair of partially ordered sets
that preserves the order of elements in each set when the elements of one
are mapped to the other.

Each group is characterized by mathematical rules that do not care about what
is being changed, just as mathematical operators, such as addition, subtraction,
multiplication, and division, do not care about what is being added, subtracted,
multiplied, or divided. These transformations are called morphisms. This general-
ization is why group theory and category theory are so useful in analyzing of
the laws governing sets and their relationships. This also makes group theory
and category theory powerful tools for deriving and analyzing the properties of
meta-objects, and a robust theoretical foundation for the metamodel of knowledge.

For the mathematically inclined reader, some key concepts in category theory
are:

A category is a collection of objects, and a collection of morphisms (shown by
“arrows” in the following material), such that:

1. Each morphism f has a “typing” on a pair of objects A, B, written f:A→B.
This is read “f is a morphism from A to B.” A is the “source” or
“domain” of f, and B is its “target” or “codomain.” (See the mathematical
root of relationships, in Box 33.)

2. There is a partial function on morphisms called composition, represented
by an infix ring symbol, o. We may form the “composite” g o f: A→ C, if
we have g:B→C and f:A→B
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(the mathematical root of process decomposition and traversal of
relationships in object models).

3. This composition is associative: h o (g o f) = (h o g) o f
(the mathematical root of transitive relationships).

4. Each object A has an identity morphism id_A:A→A associated with it.
This is the identity under composition, shown by the equations id_B o f =
f = f o id_A
(the mathematical root of reflexive relationships).

Sometimes the composition ring is omitted. The use of capitals for objects and
lowercase letters for morphisms is common but not universal. Variables that refer to
categories themselves are usually written in a script font.

Morphisms between a pair of objects need not form a set, to avoid Russell’s par-
adox, described at the end of this note. An example of a category is the collection of
sets where the objects are sets and the morphisms are functions. The mathematical
foundations of the relationships and conjunctions described in this book are based
on the following kinds of morphisms:

• 2-morphisms are morphisms between morphisms, 3-morphisms are morph-
isms between 2-morphisms, and so on, to n-morphisms. Categories with
n-morphisms are called n-categories. These kinds of morphisms are the basis
for rules, like policies, that govern or regulate other rules.

• Isomorphism: An isomorphism is a bijection (see bijection later in this Note)
from one set of mathematical objects to another set of mathematical objects,
such that the structures defined on these sets in terms of its member objects
(e.g., orderings and operations) are preserved.

• Homomorphism: A homomorphism (sometimes simply called a morphism)
from one object to another of the same kind, is a mapping that preserves all
relevant mathematical structures.

A domain in the theory of functions is the set of argument values for which a
function is defined. A codomain is the set of values or type containing all possible
results of a function. The codomain of a function f of type D→ C is C. A function’s
image is a subset of its codomain.

Mathematically sophisticated readers interested in more information on sets
and functions also may refer to [166–168, 232–235, 308], as well as to some of the
other publications listed under “Set Theory” in the References.

The image (or range) of a function is the set of values obtained by applying the
function to all elements of its domain. So, if f : D→ C, then the set f(D) = { f(d) | d in
D } is the image of D under f. The image is a subset of C, the codomain.

A function is a relationship that maps an object from one set (its domain) to one,
and only one member (its image) in a target set (range). A function is a special kind
of morphism. The precise mathematical definition of a function is:

If D and C are sets (the domain and codomain), then a function f from D to C,
normally written “f : D→ C” is a subset of D × C, such that:

1. For each d in D, there exists some c in C, such that (d, c) is an element of
f. That is, the function is defined for every element of D.
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2. For each d in D, c1 and c2 in C, if both (d, c1) and (d, c2) are elements of
f, then c1 = c2. That is, the function is uniquely defined for every element
of D.

Inverse of a Function

Given a function, f : D→ C, then a function g : C→D is called a left inverse for f, if
for all d in D, g (f d) = d; and a right inverse for f, if for all c in C, f (g c) = c; and an
inverse, if both conditions hold. Only an injection, in which no two different inputs
give the same output unlike a many-to-one relationship, has a left inverse. Only a
surjection, in which every element of the codomain maps to an element of the func-
tion’s domain, has a right inverse. Only a bijection, in which there is exactly one ele-
ment of the domain that maps to each element of the codomain, has inverses. The
inverse of a function “f” is often written as f–1 (the mathematical root of cardinality
ratios and inverse relationships between objects).

A mathematical morphism is a member of a class of mappings between two
objects (e.g., X and Y) of a category.

Map is a function over lists. Map applies its first argument to each element of its
second argument (a list) to create the list of results.

Functors are a generalization of “map,” the function. The type operator here
takes a type T and returns type “list of T.” It is a subtle difference from the map
function, which takes a function and applies it individually to each element of a list,
but does not return a single item called List, which might contain a list of individual
items (the mathematical root of relationships and aggregations).

A functor F is an operator on types. It is also considered to be a polymorphic
operator on functions with the type F : (a→b) → (F a→F b).

Ring

A ring is a commutative group (R, E), together with a second binary operation Ω,
such that for all a, b, and c in R:

a Ω (b Ω c) = (a Ω b) Ω c
a Ω (b Ω c) = (a Ω b) Ω (a Ω c)
(a Ω b) Ω c = (a Ω c) Ω (b Ω c)

such that there exists a multiplicative identity, or unity (i.e., an element like the
number 1) for the set of numbers, such that for all a in R:

a Ω 1 = 1 Ω a = a

Sometimes groups without the multiplicative identity are also called rings.
When this happens, the term “unitary ring” is used for rings that have the multipli-
cative identity as well.

In other words, a ring is a mathematical system of a set R of elements and two
binary operations, such that the first operation is commutative, and the second
operation is associative and distributes over the first (see commutative operators;
associative operators; distributive operators).

Mathematical Theory of Categories (or Types): Domains, Functions, Groups, Functors, and Morphisms 327



A commutative ring is one in which the commutative law holds for both
operations. Examples of commutative rings are the sets of real numbers (including
integers).

Commutative Operators

A binary operation combines two items via some operation. The binary operation is
commutative if changing the order of the items will not affect the result of the opera-
tion. For example, when we add two numbers, the order in which we add the num-
bers does not matter. Therefore, addition is commutative. Not all operations are
commutative (e.g., subtraction and division are not). For example, 4 divided by 2 is
2, whereas 2 divided by 4 is 0.5.

Associative Operations

An operation that combines three items, two at a time, is associative when the initial
pairing is of the items does not matter to the result of the operation. For example,
addition is associative, because (a + b) + c = a + (b + c), but division is not associa-
tive, because (a ÷ b) ÷ c ≠ a ÷ (b ÷ c). When an operation is associative, the parenthe-
ses, which indicate which quantities must be combined, may be omitted without
affecting the results.

Distributive Operations

Given any two operations, Ω and E, then Ω is left distributive over E, if a Ω (b E c) =
(a Ω b) E (a Ω c) for all possible choices of a, b, and c, and right distributive over E, if
(a Ω b) E c = (a × c) Ω (b E c) for all possible choices of a, b, and c.

For example, multiplication is right distributive over addition, because a × (b +
c) = (a × b) + (a × c).

Polymorphism

The concept was first articulated by Christopher Strachey in 1967 and developed by
Hindley and Milner. It is a concept in which context-specific behavior is normalized
by generalizing and subtyping relationships. For example, the concept of length
may apply to both words and rooms. The exact meaning of length depends on
whether the object in question is a word or a room. That object is a parameter of
length that fixes its meaning and properties more precisely than does the generic
concept of length. For instance, the length of a word is the number of letters in it,
which only can be an integer, whereas the length of a room may be any real number.

Infix Rings and Infix Notation

In infix notation, the functions are shown between their operands, such as in “1 +
2.” A partial function on morphisms, called composition, is shown by an infix ring
symbol, o. We may create a “composite” g o f: A→ C, if we have g:B→C, and
f:A→B.
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Box 33: Kinds of Polymorphism

Polymorphism describes the common behavior of objects of different
classes. There are two kinds of polymorphism, each of which may be further
subdivided into two major categories [90, 91, 239].

Universal, or “true,” polymorphism refers to a uniform type structure in
which polymorphic behavior exists over an infinite number of types that have
a common feature. Parametric and inclusion polymorphisms are examples of
universal polymorphism, a central concept in this book.

Parametric polymorphism is an abstraction that operates uniformly across
different types. This is the common behavior that flows from domains and
their mutual relationships. For example, the age of different kinds of objects,
such as people, documents, or ideas, may be computed by the following for-
mula. Overloading and coercion are examples of ad hoc polymorphism.

Age = Current Time Time of Creation

Current time and time of creation are the two parameters that are needed
by the “Age” function, hence the term Parametric polymorphism.

Inclusion polymorphism is the kind of polymorphism where subtypes
inherit behavior. For example, Persons may speak, which means both male
and female persons may speak.

Ad hoc polymorphism is an artificial construct over a finite number of
possibly unrelated types. It usually flows from a somewhat unnatural and ad
hoc assignment of behavior or names to objects. Overloading and coercion are
examples of ad hoc polymorphism.

Overloading is the ability to use the same syntax for objects of different
types; for example, “+” for addition of complex numbers and integers, “length
to compute the length of a room,” or a character string. Parametric polymor-
phism allows the same object code for a function to handle arguments of many
types but overloading only reuses syntax (name for the function), and requires
different code to handle different types. The function name is really a hom-
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A partial function is a function that is not defined for all arguments of its input
type. For example,

f(x) = 1/x, if x ≠ 0

Russell’s Paradox and the Axiom of Regularity

This is a logical contradiction in set theory that was discovered by the British mathe-
matician and philosopher Bertrand Russell (1872–1970). Russell’s paradox is based
on the question: If R is the set of all sets that don’t contain themselves, then does R
contain itself? If it does, then it doesn’t, and vice versa. Type theory restricts sets to
contain only elements of a single type (e.g., integers or sets of integers), and no type
is allowed to refer to itself; thus, no set can contain itself. This is called the Axiom of
Regularity of the Axiom of Foundation.

Formally, the Axiom asserts that for every set S, there is an element in it that is
disjoint from S. Thus, no set can belong to itself.

Natural Zeros for Temperature and Time (Date)

Long after Celsius and Fahrenheit became the established units of measure for tem-
perature, physicists discovered the natural zero for temperature. More recently, cos-
mologists have arrived at a natural zero for date, as well. However, these are hardly
relevant to our discussion of a metamodel for business rules, or the truth of the fact
that there are domains of information that convey information on differences, or
gaps between objects mapped to the domain, but do not have any information on
ratios.

Readers curious about the natural zero of the date domain may refer to any
publication on modern cosmology. Some books by famous physicists, who dilute
the dose of mathematics, are:
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onym (two different meanings with the same label) in an overloaded
polymorphism.

Coercive polymorphism occurs when an object instance is arbi-
trarily (and perhaps unnaturally) declared to belong to some subtype for a
function. For example, special characters are assigned a sort sequence, just as
numbers are, even though they do not have any natural sequence in which they
must be arranged. Coercion also occurs when values in a nominal domain are
arbitrarily assigned an order or magnitude; when differences or ratios between
values in an ordinal domain are arbitrarily assigned a magnitude; or ratios of
values in any but ratio scaled domains are compared.

In object-oriented programming, coercive polymorphism is a term used to
describe variables that may refer at runtime to objects of different classes.
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• A Brief History of Time, by Stephen Hawking, published by Bantam Books;
• The Nature of Space and Time, by Stephen Hawking and Roger Penrose, pub-

lished by Princeton University Press;
• The Inflationary Universe, by Alan H. Guth, published by Addison-Wesley;
• Principles of Physical Cosmology, by P. J. E. Peebles, published by Princeton

University Press;
• The Elegant Universe, by Brian Greene, published by W. W. Norton and Co.;
• The Whole Shebang, by Timothy Ferris, published by Simon & Schuster;
• Before the Beginning, by Martin Rees, published by Addison-Wesley.

Readers curious about the natural zero of temperature may refer to the many
publications on thermodynamics or low temperature physics. You can also find
brief explanations in the glossaries of a few books we have listed as references for
the natural zero of time:

• A Brief History of Time (under “Absolute Zero”);
• The Whole Shebang (under “Kelvin”);
• The Elegant Universe (under “Absolute Zero”).

Positivism

Positivism is a philosophy. The principle at the heart of Positivism is that concepts
exist only as observable “quantities,” which implies that any issues about the nature
or source of real-world phenomena should be eliminated. This debate is tangential
to this book, and we do not need to be overly concerned about it. Our focus is on
developing a metamodel that will facilitate normalization of knowledge—a very
real and tangible outcome for information systems.

Definition of the State Machine

Mathematically, a state machine is a six-tuple described by inputs, outputs, and
internal states.

State Machine = (I, O, S, T, E, S0)
where:
I = set of input events
O = set of output events
S = set of states

T is a function that maps I and S to O; that is, the outputs that will result from
inputs applied to the system, given its internal state. In other words: O = T(I × S). T
is the transfer function or transform of the black box when the state machine is
described with the black box technique.

E is a function that maps I and S to S; that is, the state of the system after inputs
applied to the system in its current state. In other words, Snext = E(I × Scurrent), where
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Scurrent is the current state, and Snext is the state immediately after applying the set of
input events I to a state machine in state Scurrent. In the metamodel of knowledge, E is
the set of effects of events in set I that change the state of an object.

S0 is the set of possible initial states. Naturally, S0 ⊆ S.
S could be a set with an infinite number of members. When S is a finite set, the

six-tuple describes a finite state machine, also called finite state automata.

The Question of Gender

Gender is a complex domain, rich with meaning. It is much richer than many of us
may think. The following excerpts and references show how the meaning of gender
expands and flexes in step with our biological knowledge of living species.

General Discussion on Gender, from http://pages.ripco.net/~barbarian/
archive_08NOV00.html.“How many genders are there in the animal world? . . .
There are hermaphroditic species, female-only species, and some sea creatures that
have a third or fourth gender . . . Those species that have asexual reproduction
could provide at least a couple more (if you include amoebas and whatnot).

“. . . We have . . . male, female, and hermaphrodite, but there are two known
variations of hermaphrodites—those that can reproduce with themselves, and those
that must mate with another of its own species to procreate. Do we count this as one
sex or two?

“Add to this a number of species that sometimes exhibit ‘intersexual’ character-
istics, and we start to blur the distinction even more. Intersexual animals combine
male and female organs without being hermaphroditic. A very significant example
of this was the discovery . . . of . . . ‘masculinized females’ in wild bears. These bears
have the internal reproductive anatomy of a female, combined with portions of the
external genitalia of a male, including a ‘penis-like’ organ. . . . They are able to
reproduce and give birth to cubs successfully.

“There are also many species that have transsexual sexes—the individuals actu-
ally change sex as a regular part of their life cycle. This might be caused by environ-
mental factors, reaching a certain age or size, or it may occur spontaneously.

“Most of these are just variations on ‘male and female,’ but for a real fun exam-
ple, you have to take a look at the striped parrot fish. The fish have five genders,
based on biological sex, genetic origin, and ‘color phase.’ . . . These three designa-
tions combine to create five genders: (1) Genetic female: born female, each of these
initial-phase fish will become male and change color; (2) Initial-phase transsexual
male: born female, these become male before they assume their terminal-phase
color; (3) Terminal-phase transsexual males: born female, they become male and
change color at the same time; (4) Initial-phase genetic male: born male, most
change color, but don’t change sex; and (5) Terminal-phase genetic male: born
male, they start out as initial-phase males and change color, but not sex, at a
young age.

“So, depending on how you want to count, we’ve got anywhere from four to
nine, maybe ten, natural genders or sexes. It really depends on what criteria you are
using to differentiate them.”
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Earthworm Gender, Earthworms are hermaphrodites, which means that each
worm is both male and female. It has both sex organs. Each worm has two recepta-
cles for sperm. However, two worms must mate to produce offspring. The two
worms mate with their heads pointing in opposite directions. The sperm is released
into grooves in the skin of the earthworm, which turns into tubes and conveys the
sperm. After the sperm has passed between the two mating worms, they separate.
Then several eggs from the oviducts and sperm from the receptacles are fertilized
inside a capsule.

Fish Gender, by Aaron Rice, Department of Biology, Davidson College, North
Carolina, http://www.bio.davidson.edu/Courses/anphys/1999/Rice/Rice.htm.

“Of the vertebrates in the animal kingdom, sex determination is usually a fixed
characteristic in terms of life history. Interestingly, there are a few organisms for
whom sex is a plastic condition, often determined by a combination of internal
and external signals…. The majority of reef fish change sex at some point through-
out their life. In fact, reef fish that remain as the same sex for their lifespan
(gonochoristic) are in the minority. There are many different patterns for sex
change. Some species will begin life as males and switch to females (protandry), and
others switch from female to male (protogyny). Further still, some will change sex in
both directions, and others will be both sexes at the same time. Sex change therefore
becomes quite fascinating from several different perspectives.”

The University of Michigan, Museum of Zoology, Animal Diversity
Web article, by Erin Wayman, http://animaldiversity.ummz.umich.edu/accounts/
cirrhilabrus/c._exquisitus$narrative.html.

“Found from East Africa to the Tuamotu Islands, north towards Japan, and in
the Great Barrier Reef of Australia, the Exquisite Wrasse is an extremely interesting
fish . . . because of its ability to change sex midlife. . . . Females attain the ability to
change sex during their lifetime. When the female changes sex, her coloring and
markings change into that of the male.”

Plant Gender, from an article by Rachel Clark, published on Earthsky.com in
2000.

“Most flowering plants have … ‘perfect flowers’—each flower contains both
male and female parts. That means … an insect, bird, or moth … can easily pick up
and deposit pollen in the same visit…. Some plants don’t rely on animal pollinators.
Many desert plants use the wind instead. They often have separate male and female
flowers—which means they may end up pollinating themselves—and not getting the
genetic benefits of mating with other plants…. But there’s a desert shrub that’s
solved this problem in a remarkable way. Within a population of the shrub, known
as Zuckia brandegei, half the plants open with male flowers first, and half open with
female flowers first. Then a few weeks later, they switch. Male and female flowers
shrivel up, and a new flower of the opposite sex emerges. Because of this unusual
adaptation, these wind-pollinated shrubs are able to reliably ‘outcross,’ or mate
with other flowers.”

Species with a Single Gender, from Lizards Without Dads, by Maryalice
Yakutchik, Copyright © 2000 Discovery Communications, Inc.

“… The New Mexico whiptail . . . mere slip of a lizard living in the southwest-
ern United States embodies one of the greatest mysteries of nature: The 6-inch-long
creature clones itself, regularly and naturally.
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“A single female New Mexico whiptail, all by herself, quite efficiently and
handily, produces entire populations of lizards without Dads: Offspring that are
genetically identical to her in every detail (except for very rare mutations). All are …
healthy females…. This bizarre method of reproduction is known as parthenogene-
sis…. when a female’s eggs require no fertilization, and its offspring are exact and
complete genetic duplicates of the mother…. The fact that parthenogenesis happens
among vertebrates is a startling, and recent, discovery.

“The parthenogenetic New Mexico whiptail … came into being when two liz-
ards of different whiptail species somehow met and … mated…. Genetic evidence
indicates that this species’ original mother was a western whiptail that lived in the
desert, and that its father was a grassland-dwelling little striped whiptail…. Their
offspring, like most hybrids, were sterile, except for at least one female, which …
was parthenogenetic…. Today, we know that parthenogenetic lizards occur in
diverse parts of the world.”

The Bunge-Wand-Weber Model

The Bunge-Wand-Weber (BWW) model was developed from 1990 to 1996, and is
based on a rigorous mathematical foundation. Both the BWW model and the theory
of categories (described in another endnote) seek to unify the means of describing an
abstract and a natural reality. The BWW model is primarily a concept and an instru-
ment for testing the accuracy, redundancy, and completeness of Information Sys-
tems methodologies.

The BWW model can check methodologies not only to ensure that they provide
all constructs (see [12] for BWW ontological constructs) needed to represent the
behavior of information systems (completeness of the methodology), but also to dis-
cover if any constructs overlap. That is, the same concept and behavior might be
represented with different or redundant syntax (i.e., redundancy, called over specifi-
cation in the BWW model of the methodology). The intent of this endnote is to give
to curious readers who do not care for mathematics a basic understanding of the
core concepts in BWW, based on [21].

According to the BWW model, the real world consists of things that have prop-
erties. Some properties may be common to two or more things, which show the rela-
tionships between things. A set of things may form a system (see the examples in
Chapter 1, Section 1.5). These things are called components of a system. A system is
itself a composite thing that may also be a component of a still larger system (see
Box 11). This is the part-of relationship over things. The properties of a composite
may be hereditary or emergent. A hereditary property is one that belongs to a com-
ponent, while an emergent property does not; it belongs to the system, an aggregate
thing.

According to the BWW model, a class is a set of things that have a particular set
of properties. Things, properties, systems, and classes are some of the
metaconstructs in the BWW model. Things and properties are fundamental, while
classes and systems are derived items in the BWW model.

Things and properties are the only fundamental metaconstructs of the BWW
model that support static structure. “State,” “Transformation,” and “Stable state”
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support dynamic (time-dependent) behavior. Hence, systems and classes are derived
from, and only from, things and properties. Therefore, things and properties are the
basic static building blocks of the real world. Consequentially, the BWW model
assumes that systems and classes exist in the real world.
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Box 34: BWW Model Test Criteria

A methodology is incomplete (i.e., has construct deficit in BWW
terms), unless it has at least one construct for each BWW ontology construct.

• The methodology’s clarity (in BWW terms) is measured by:
• Construct Overload: If there is more than one way of specifying a BWW onto-

logical construct, then the methodology is considered to suffer from construct
overload that detracts from clarity.

• Construct Redundancy: If there is more than one methodology construct speci-
fying the same BWW ontological construct, then the methodology is considered
to suffer from construct redundancy that detracts from clarity.

• Construct Excess: If there are constructs that do not map to BWW ontological
constructs, then the methodology is considered to suffer from construct excess
that detracts from clarity.

BWW model constructs are listed in the following figure. Refer to the
BWW model references for a detailed explanation of each.
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This implies that systems should be represented as validly and completely as
possible, and that all analysis methods should systematically support examination
of relationships within and between each metaconstruct.

Multiperspective Modeling and Facet Modeling

This discussion is based on the research published in [15]. Every seasoned analyst
and business systems professional has tasted the bitter fruits of multiple perspec-
tives. Indeed, we might not be very far from the truth if we say that many a project
has foundered because of differences in professional opinions of the correct model,
given the same requirements. This has often been cause for friction and intense pro-
fessional disagreement in large project teams. Let us understand why this happens.

This happens because of the problem of multiple perspectives. The basic
assumption of multiperspective modeling is that analyses involve several stake-
holders, who may be future users and business and IT managers, as well as the ana-
lysts themselves. Stakeholders have different experiences, backgrounds, values, and
beliefs that shape their perspectives of the problem domain. Consequently, they
may have very different perspectives of the problem, business processes, and
requirements for information systems. Typically, different individuals have differ-
ent perspectives, see different things, and structure the world differently depending
on their interests, background, education, and culture. Individual stakeholders also
will play different roles in different contexts at different times, making even individ-
ual perspectives situation-dependent and subject to change.

What do perspectives consist of? The real world consists of things with proper-
ties (see the BWW model). Therefore, a perspective can shape the real world by lim-
iting:

1. The set of things in the problem domain that is part of the perspective;
2. The set of properties of these things that is part of the perspective.

A perspective is therefore an excerpt of the problem domain. It has a profound
effect on how that excerpt is conceptualized. The BWW model defines a class as a
set of things that possess a particular set of properties, and a perspective extracts
only a subset of properties of each thing. Therefore, it follows that the same thing
may belong to different classes when perceived from different perspectives.

Each perspective focuses on different sets of properties. Mutual properties
correspond to relationships between things. Therefore, different perspectives of
the same things may correspond to different relationships between these things.
Therefore, when perceived from different perspectives, the problem domain seems
to consist of different systems of things, classes, and properties.

We, as observers, are a part of the reality that we observe. Thus, it is not possi-
ble to regard observation of reality as distinct from the reality being observed.
Therefore, from the facet modeling point of view, perspective and conception are as
important as things and properties in the problem domain.

Is it possible to define universal classes (as implied by the BWW model), or must
we be chained to the chimera of perspective? Individuals perceive the world partly
from their own unique point of view and partly from widely shared ideas either
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generic to the world of business or imposed by the physical world. Because of these
widely shared ideas, it is possible to define universal business classes as we have
done in this book.

Four metaconstructs are essential to multiple perspectives modeling. These
ideas are:

1. Things: This is the elementary unit of the BWW model. The real world is
made up of things. A composite thing may be made up of other things.

2. Properties: Things have properties. Properties are intrinsic, mutual (i.e.,
shared in relationships), emergent (i.e., emerge when things are assembled,
such as the movement of a car when its parts have been assembled into a
complete car), or hereditary (i.e., acquired through inheritance).

3. Conceptions: Conceptions emerge when things are perceived from a
perspective. Conceptions have a subset of the properties of the underlying
thing.

4. Perspectives: Perspectives are stakeholders’ views of the problem domain,
in a given context, at a moment in time. A perspective consists of a set of
conceptions with properties and class definitions.

Object-oriented methodologies do not explicitly recognize perspective as a fun-
damental meta-object, and rarely support specific representations of perspectives.
On the other hand, Facet modeling supports multiple perspectives when require-
ments are formulated.

Facet modeling considers that the problem domain consists of phenomena (sim-
ilar to “things” in the BWW model), properties, aspects, (similar to “conceptions”
in the BWW model), and perspectives.

• Items represent phenomena. Items are durable categories, instances, and
aggregations; but not events, because events are not durable.

• Facets of items represent aspects of phenomena.
• Primitive subfacets represent properties of aspects. Properties are perceived

only from an aspect; hence, they belong to the aspect, not directly to the item.
Sometimes the same property may emerge from two or more aspects. This is
key to reuse across aspects.

• Perspectives are views extracted from the facet model.

Generalizing the Concept of Distance—Metric Spaces and Metrics

The closeness between objects in our three-dimensional world is easy to understand
in terms of distance. The concept of distance can be mathematically generalized to
the concept of a metric [266, 309], which measures similarities of positions in met-
ric spaces [265, 266]. The three-dimensional space we live in is only one kind of
metric space, and distance along a straight line is only one kind of metric. State
Space is also a kind of a metric space. Mathematically, metrics and metric spaces are
defined as follows. The function “d” is like distance.
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A metric on a set X is a real valued function d on X x X, which satisfies all of the
following [305]:

1. Positivity: d(x, x) = 0, but d(x, y) > 0, if x is distinct from y (i.e., two
positions are identical if they are at the same place, but different if the
distance between them is not “nil”).

2. Symmetry: d(x, y) = d(y, x) [i.e., the metric (distance) between any two
points is the same regardless of which of the two from which it is
measured].

3. The triangle inequality: d(x, y) is at most d(x, z) + d(z, y) for every z. The
“direct metric” between two points cannot exceed the metric via a third
point. The direct metric is like the length of a straight line in our space.

A set X with a metric on it is called a metric space. The state space can be a dis-
crete metric space [267] when the attributes of an object are nominally scaled.

A discrete metric, D, is:

D(x, x) = 0
D(x, y) = 1 if x ≠ y

The discrete metric tells us that there is no difference between two or more
objects in the same state, and that two or more objects in different states are differ-
ent, but has no information on the quantum of differences between them.

Pseudometric spaces are those in which d(x, y) = 0, for some x, y pairs, even if x
and y are different. That is, two positions are identical not only if they are at the
same place, but sometimes even if they are different. The property of mutability of
aggregations springs from this. However, in this book, if one component of an
aggregation is replaced by another, then we consider the aggregation to have
changed state. Thus, in our metamodel of knowledge, we assume state spaces are
metric spaces, never pseudometric.

Semimetric spaces are those that do not satisfy the triangle inequality. This
might happen, for instance, when the cycle time of a business process that makes a
direct state transition is more than the sum of cycle times of processes that pass
through intermediate states. For example, a process in a warehouse, in which the
position of a crate is changed by laboriously dragging it over an uneven surface
might take longer than another process, in which the crate is loaded onto a trolley
that is routed through several other locations, before it deposits the crate at the
intended location.

Mathematically inclined readers may refer to the References for publications
listed in the section on Spaces and Their Properties. Reference [266] has an apt defi-
nition of various kinds of spaces, and [268, 269] have mathematical, but succinct,
descriptions of how the concept of distance can be generalized.

Hilbert spaces are an interesting offshoot of metric space used for modeling
state spaces of stochastic systems. However, this book deals with discrete determin-
istic systems and the issue is moot. They are difficult to visualize as analogs of the
two-dimensional planes we experience or the three-dimensional space in which we
live—or even the higher dimensional state spaces we have discussed in this book.
Each axis of a Hilbert space is a complex number.
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Information can be arranged in Hilbert space so that each complex coordinate
represents the probability of a given state. Each axis represents possible mutually
exclusive behavior (i.e., mutually exclusive from the behavior represented by other
axes). Hilbert space can have infinite dimensions, but it is not a space like those with
which we are familiar in geometry. Each dimension of Hilbert space represents a
state of potential existence of a system. All possible states, even those that are mutu-
ally exclusive, coexist and add up before it is observed.

Each object in an unknown state is a complicated pattern in infinite-
dimensional Hilbert space. The object is not fully defined. Each object can have its
own Hilbert space. When many objects interact, or for an aggregate object, the
Hilbert space of the aggregate is the product of individual Hilbert spaces of its com-
ponents. Components lose their identity in this entangled state, and may be thought
of as being in all possible states all the time (with different probabilities).

In our metamodel, querying the state of a system cannot change its state. How-
ever, Hilbert spaces can represent states of stochastic (nondeterministic) systems
where this is not the case. Such systems do occur in real life. For example, the reli-
ability of key production systems was negatively impacted after a major layoff in a
large corporation. Subsequently, line management was asked to report back on spe-
cific performance metrics in their data centers. This query alone was cause for major
performance improvement. However, in real life, these effects are difficult to predict
or measure, and many seasoned managers will agree that performance can improve
even when such effects are ignored in formal models. Often, this is best left to man-
agers’ “gut feelings.” We can safely ignore Hilbert spaces in this book. Those inter-
ested in more information may see [283–286].

Kinds of Inheritance

Figure N.1 shows the principal ways inheritance is used [328]. Bertrand Meyer,
the creator of the object-oriented language Eiffel and the president of ISE, first
described this scheme. Meyer’s scheme is based on several practical considerations
related to the state of the art in software, as well as the fact that those involved in
modeling and programming may not be perfect in what they know and what they
do. Remember that polymorphism (described in a separate endnote) is also an
inheritance mechanism. The inheritances in Meyer’s taxonomy emerge naturally
from the Metamodel of Knowledge, and need not be explicitly classified in this
manner. The metamodel unifies these concepts, and these distinctions might only
clutter and confuse the metamodel.

• Model Inheritance: When an item is related to another with an is-a
relationship.

• Variation Inheritance: When an object class is described by identifying their
differences from another object class. Variation Inheritance may apply to
Model or Software Inheritance, described as follows.

• Software Inheritance: Inheritance used to express pure software issues, rather
than external “real-world” issues that the software is modeling.
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Model Inheritance

Inheritance is described in terms of set partitioning and shared facets of state space
in Box 20. That description covers all of the following kinds of inheritance,
and provides a naturally unified view of inheritance that renders this taxonomy
almost irrelevant. Inheritance naturally emerges from the principles in Box 20, and
although Meyer’s taxonomy is not wrong, and might be useful from a programming
language perspective, there seems to be little need for it in the naturally unified, real
world perspective.

• Subtype Inheritance is when mutually exclusive subtypes inherit the behavior
of a class of objects. In Box 20, we understood that this must naturally hap-
pen, because subtypes must exist in the state space of their supertypes, and
hence share their attributes and effects.

• Extension Inheritance is when a subtype has additional attributes and effects;
that is, its state space is an extension of the state space of the supertype into
additional dimensions. In Box 20, we understood that this must naturally
happen, because supertypes must share attributes and/or effects with their
subtypes. The subtype will inherit these shared properties.

• View Inheritance is when an object instance may exist in two or more sub-
types (in different partitions) simultaneously. Naturally, the object will share
properties of the supertype when this happens, and will have all special prop-
erties and restrictions of each subtype, as described in Box 20.

• Restriction Inheritance is when a subclass is created by restricting the state
space of an object class by constraining the values of its attributes or behavior
(via guard conditions). Remember that constraints add information and sub-
types are created by increasing the information content (i.e., adding meaning
to supertypes). Naturally, the region shares the state space of the superclass,
because it exists within it.
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Variation Inheritance

Reuse of knowledge implies that we gather common components and add to them,
rather than modify them. A variation created by excluding or overruling some prop-
erties implies that a reusable component with common properties might have been
overlooked. From a practical point of view, as Meyer points out, Variation Inheri-
tance might be expedient, even if not theoretically perfect. For example, it might be
expedient to assume that all birds fly, and then declare exceptions for specific
nonflying birds, such as ostrich, penguins, and so forth. This also may be addressed
by assigning different default values to different subtypes.

• Unaffecting Inheritance is when subtypes are described by excluding specific
behaviors of their superclasses. Unlike Extension Inheritance, no new proper-
ties may be added to the subtype; only some properties of the supertype may
be excluded.

The supertype in this case may be considered a collection (set) of objects
obtained from the set union of its subtypes. Theoretically, these subtypes may
or may not have properties in common, although they usually do have com-
mon properties. This difference with other “normal” supertypes is the basis
for generalization—set union rather than commonality of facets of state
space. Note that excluding behavior is the same as declaring one or more
attributes “null.” “Null” signifies “no meaning.”

Unaffecting inheritance flows from exclusion partitions. When we define a
subtype in terms of what it is not, we may specify what properties it does not
inherit from the supertype.

For example, constraints on a subtype may be more restrictive than those
on the supertype. The subtype may be confined to a region inside the lawful
state space of the supertype. The set of lawful states of the subtype, is a proper
subset of the set of lawful states of the supertype (see Box 19 for the meaning
of proper subset). Thus, it may not violate the constraints that it inherited
from the supertype, but may be denied some state transitions, in order to keep
it within the region that defines its state space. Unaffecting inheritance and
exclusion partitions can be convenient constructs for normalizing knowledge
under these conditions.

Meyer [328] assigns unaffecting caused by constraints like these to Restric-
tion Inheritance. However, it might be more appropriate to say that restric-
tion and unaffecting inheritance converge under these conditions.

• Type Variation Inheritance is when one or more states require recognition of
additional behavior(s). “State” is defined in Box 10, where we discussed the
reasons that this book would make no distinction between state indicators,
type indicators, and attributes. For example, male persons do not bear chil-
dren, whereas female persons do. It boils down to applying extensional inheri-
tance in a restricted region of the state space of an object.

• Functional Variation Inheritance is when the subclass overrules some behav-
ior(s) of the superclass. It boils down to combining “unaffecting” with Exten-
sion Inheritance. The comments related to Unaffecting Inheritance apply here
as well.
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Software Inheritance

• Facility Inheritance is when the supertype is an arbitrary collection of proper-
ties, from which other object classes may inherit properties. Reusable proper-
ties should naturally flow from the object classes in the Universal Perspective
and the Metamodel of Knowledge. These supertypes might be some composi-
tion of real world objects, tailored to optimize performance on specific soft-
ware platforms. Perhaps the business model just did not do due diligence, and
designers find reusable facets on the fly, and decide to use them in the interests
of expediency.
• Constant Inheritance is when subtypes inherit attributes from the supertype.
• Machine Inheritance is when subtypes inherit effects from the supertype.

• Reification Inheritance is the actual structure that implements a concept, or is
an intermediate step towards making it concrete. “Reification” means to
make something abstract into a material thing. For example, tables might
implement Entity-Relationship data models in relational databases.

• Structure Inheritance usually applies to mathematical properties, or to
domains that might inherit properties because they are subtypes of other
domains. For example, the set of integers is naturally ratio scaled, because it
inherits properties from ratio scaled domains (see Domains in Chapter 1).

• Implementation Inheritance is when a software object inherits properties
from a concept in order to implement it in software.

Lungfish

Lungfish are amphibious fish. They inhabited most of the world from 345 to 395
million years ago. Currently, there are six known species of lungfish. All lungfish
breathe with both gills and lungs—gills for water and lungs for air. They live in
swamps and small rivers in West and South Africa, South America, and Australia.
African and South American lungfish burrow into soft mud, and breath through
their mouths when water dries up. The African lungfish may survive up to 4 years
outside water. The Australian lungfish can be as much as 7 feet long and weigh over
100 pounds. It has been seen walking on dry land on its fins, much like a like a seal
walks with its flippers. For more information, see http://www.oregonzoo.org/
Cards/Rainforest/lungfish.african.htm.

Refactoring

Object-oriented software is usually not reusable when it is first written. Systems
designers experience problems as they try to reuse code written for one application
in another application. Reusable software emerges after several modifications have
been made in step with attempts to reuse code for new applications.

These modifications not only involve writing new code, but also changing
existing code. The changes must be behavior-preserving, in order to preserve
the behavior required by applications that already use this reusable code. The
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behavior-preserving manipulations that change the design of the reusable code are
called refactoring. The process is also called “refactoring.”

Refactoring keeps software well-structured under the pressure of change. It
focuses on changing the internal structure of software to make it easy to
understand and modify without changing its functionality. Refactoring does not
alter behavior. Instead, it redistributes and reorganizes behavior among
components of the system. If properly done, this can increase the reusability of
components.

Changes usually follow certain patterns. Effects, relationships, attributes, and
constraints are moved from one class to another. Classes may be broken into
smaller components or subclasses, so that one part can be changed independently of
another part. Sometimes classes are generalized into a common superclass, which is
usually followed by migrating common functionality up into the new superclass.
Reusable components emerge from trial and error, but modification becomes easier
and easier as components becomes progressively more reusable.

Done manually, refactoring is time-consuming, resource-intensive, and
error-prone. Only from this painful experience do reusable components gradually
emerge. The intent of the patterns and metamodel in this book is to reduce the pain
and increase the speed of refactoring by rapidly reducing the side effects of modify-
ing code between design iterations. Automated refactoring tools like refactory
can assist.

See Chapter 2 of [329] for more information on refactoring and when to use it.
The University of Illinois has a research project on developing automation to
facilitate refactoring, which too is a good source of additional information,
Refactory, an automated refactoring tool, was developed by Don Roberts,
John Brant, and Ralph Johnson there. See http://st-www.cs.uiuc.edu/users/brant/
Refactory/.

How Attributes Emerge from Domains

In an abstract sense, an attribute might be thought of as an overlap between the
domain, with shared properties, and an object, with specific properties, in the
metaworld. See the discussion on set intersection, in Box 19 on our Web site. Each
distinct intersection of the object with a domain gives birth to an attribute of the
object. Sometimes the same object and domain may have several distinct intersec-
tions. Each will be an attribute that maps to the same domain. For example, a box is
an object with length, width, and height. Each is an attribute that maps to the length
domain. This is because our three-dimensional space, which the box encloses and in
which it exists, has three distinct intersections with the length domain in the
metaworld.

In general, each axis of an object’s state space is an intersection of the object
with an abstract domain—an irreducible fact that a distinct property exists. Thus,
the dimensionality of an object’s state space is the number of times the object inter-
sects a domain in the metauniverse.
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Lambda Calculus

Lambda calculus, developed by Alonzo Church in the 1930s, is also written as
-calculus. It is a formal mathematical system for expressing relationships between

functions, expressions, and values. Each is considered a type of mathematical object
that exists on its own. Relationships between these objects are expressed in
-expressions, which is the object at the heart of -calculus.

The power and convenience of -calculus springs from the concept at its core,
which is that functions, values, and -expressions can all be arguments of -expres-
sions; and when -expressions are evaluated, results may also be -expressions,
functions, or values. Thus, expressions might operate on other expressions, or be
defined in terms of other expressions (and objects), like a logical daisy chain or a
string of beads on a necklace.

This makes -calculus a sound theoretical foundation for the metamodel of
knowledge. -calculus is a powerful tool for generalizing and abstracting concepts
related to meaning and expression. The essential equivalence of business rules, con-
straints, relationships, and objects all spring from the ability of -calculus to express
all of these as arguments of -expressions, and the fact that -expressions, in turn,
also can be arguments of -expressions. Readers interested in -calculus may refer
to the several publications listed in the References on the topic. Automation imple-
ments -calculus with Functional Programming (see the endnote on functional pro-
gramming).

The Church-Rosser theorem and Normal Form (of -expressions) in -calculus
address the issue of equivalence of -expressions; that is, the same meaning may be
expressed differently, which is a concept at the heart of our metamodel of meaning.
Interested readers may refer to the endnote on the Church-Rosser theorem, or to the
several publications on the topic listed in the References.

Church-Rosser Theorem and Normal Forms

The Church-Rosser theorem, discovered by Alonzo Church and J. Barkley Rosser,
proves that a Rule Meaning has no more than one normal form, and this normal
form is the value of a -expression (see -calculus in [240–242, 250]). The
Church-Rosser theorem asserts that equivalent rule expressions all may be reduced
to the same normal form if it exists. However, there can be -expressions that can-
not be reduced to a normal form.

Strategies for reducing rule expressions to their normal forms, and hence, show-
ing the equivalence of expressions with the same meaning, come in two basic types.

1. Applicative Order Reduction;
2. Normal Order Reduction.

Applicative order reduction is similar to the “bottom-up” approach in systems
analysis. It is less (computing) resource-intensive, but may not always be successful
in finding the normal form, even if one exists. Normal Order Reduction, on the
other hand, is more like the “top-down” approach. It uses more computing
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resources, but it guarantees that it will find the normal form if it exists. Of course,
not all -expressions have normal forms.

Gluing Objects Together

Objects are glued to each other with operators. This is why we need the theory of
categories and Rings to create configurations of components (see the endnote on the
theory of categories). There may be different kinds of operators. Let us call one of
them “E.” Consider what it means when two objects are joined with the “E” opera-
tor. For brevity, let us call one object A, the second one B, and the result of the junc-
tion C. Then we could say:

C = A E B

Like the arithmetic plus operator, if one of the objects (e.g., A) has a null value
(equivalent to the arithmetic 0), then the result of the junction (i.e., object C) will be
identical to object B. The arithmetic “+” is a special case or instance of “E”; that is,

B = null E B

Like the arithmetic plus operator, “E” could be commutative (i.e., A E B = B E A
in the example). In other words, the order in which two objects (or object classes)
are joined are not important. Think of the operation as though we were putting the
objects in a box. Only the contents of the “box” give the box its properties. Thus,
only the contents of the box are important in terms of its behavior, not the order in
which items are arranged inside the box. Indeed, from our perspective, the order of
arrangement does not exist, because A E B = B E A.

Similarly, we could define a commutative operator Ω, for which an arithmetic
multiplication like rule will hold. Indeed, the arithmetic multiplication is a special
case or instance of “E”:

null Ω B = null

This operator is at the heart of the mutual existence dependency between
objects. For example, the conjunction between object instance and the instance
identifier in the metamodel is one such operation. The object instance will not exist
if the instance identifier is null [see Box 24, Figure (a)]. The relationship between
Document and Format is another such conjunction (see Figure 2.1).

All operations might not be commutative (see the endnote on the theory of cate-
gories). Let ϑ be such an operator. Then, unlike the arithmetic plus operator, A ϑ B ?
B ϑ A. The order in which two objects (or object classes) are joined might yield dif-
ferent and distinct objects (or object classes) with different properties. The Parent
Of relationship is an example of such an operation. Noncommutative operators
between objects are like the division operation in arithmetic, in which switching the
divisor with the dividend would result in a different quotient. This is the basis of the
asymmetrical relationship in the Metamodel of Knowledge.
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“Glue” objects that join two or more propositions into a compound proposi-
tion are called connectives. Connectives may be monadic, like the negation operator
(i.e., they operate on only one object), dyadic (i.e., they operate on two objects at a
time), triadic (i.e., they operate on three objects at a time), and so forth, up to p-adic
connectives that glue “p” objects together at a time.

Functional Programming

Functional programming is based on -calculus. Unlike traditional languages, func-
tional programming languages do not have assignment statements, iterative loops,
or variables. Instead, functional programming focuses on evaluating functions (see
Box 33) that might have values, rule expressions, and mathematical functions as
arguments, and return functions and/or values as results. Functions that take
functions as arguments, and return functions as results, are called higher-order
functions. Functional programming often depends on recursion. For example, a
functional programming call to a function, which has itself as its argument, may be
computed without multiple calls.

Some functional programming languages are Haskell, Scheme, ML, and LISP.
Haskell is an area of intense research, and several variants, including some that
involve parallel distributed computing, have been developed. Interested readers
may visit http://www.haskell.org/ for more information.

Dimensions of Color

Colorimetrics is the science of measuring color. The physics of color is well estab-
lished—its identity in terms of the wavelength of light in the electromagnetic spec-
trum, and its intensity as a function of this wavelength. The subjective sensation of
color, however, is more difficult to describe and quantify. There are several systems
for classifying color, of which Maxwell’s color triangle theory is one. Maxwell’s
color triangle describes the subjective sensation of color in three dimensions: hue,
saturation, and brightness.

Brightness is the “luminousness” of a color—a sensation that correlates with
the amount, or intensity, of light that a color object reflects back to the eye com-
pared with a similar white object. The hue of a color correlates with its position in
the electromagnetic spectrum. It tells us what kind of color it is in terms of the pri-
mary colors —red, blue, and green. It even tells us about their mixtures, two at a
time. For example, shades of magenta will correlate to a mix of red and blue in dif-
ferent proportions. However, Maxwell’s color triangle (see Figure N.2) tells us
about mixtures of all three primary colors, and consequently, it conveys informa-
tion on hue, as well as its “richness,” or saturation.

Colors at the periphery of Maxwell’s triangle are fully saturated. They are not
made “paler” with any shade of white. Colors at the three corners of the triangle are
the three “pure,” fully saturated, primary colors—red, blue, and green. In the mid-
dle, it is an equal mixture of all three primary colors, which is pure white. Along its
edges, they are fully saturated mixtures of two colors. A point on the edge has pro-
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portionately more or less of a primary color, depending on its distance to the cor-
ners on that edge, but none of the primary color of the corner opposite it; hence, no
shade of “whiteness.” As the point moves into the triangle, it starts mixing the third
primary color—that of the corner opposite it. The closer the point is to the opposite
corner of the triangle, the (proportionately) more of the third color it has. Thus, it
gets “paler,” (i.e., less saturated and more “whitish”) as it approaches the middle,
and “richer” and more “colorful” as it approaches an edge.

Maxwell’s triangle is a simplified tool for standardizing colors. It must be
modified to accurately represent all the colors it claims to represent. However, its
modifications retain the three fundamental attributes of color—hue, saturation,
and brightness.

The Commission Internationale de L’Eclairge (CIE) oversaw the first interna-
tional agreement on mathematical treatment of color in 1931, at a meeting held in
the United Kingdom. They started with the Maxwell Triangle as their basis, and
modified it in various ways to reconcile various approaches to measuring color. The
Munsell system is another widely accepted standard for colorimetry, first developed
in the United States. It also has three attributes, and the Munsell system can be
mapped to the Maxwell triangle and its modifications, although the mapping is
complex.

Readers interested in more information and modification of the Maxwell trian-
gle may refer to [324]. Even with these modifications, it is hard to factor in phenom-
ena, such as Simultaneous Color Contrast, by which the same color looks different
against different backgrounds.

Number Systems and Radix

Many readers are familiar with binary, octal, decimal, and even hexadecimal num-
bering systems. The decimal system is our normal numbering system with 10 digits,
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0 through 9. The system is based on powers of 10. It uses 10 different numeric dig-
its, hence its base, or radix is said to be 10.

There are only two digits in the binary system, 0 and 1. Thus, the order of
counting becomes 0 (the same number as 0 in the decimal system), 1 (the same num-
ber as 1 in the decimal system), 10 (the same number as 2 in the decimal system; we
have run out of digits, and hence have done exactly what we did when we ran out of
the 10 digits available in the decimal system), 11 (the same number as 3 in the deci-
mal system), 100 (the same number as 4 in the decimal system), 101, 110, 111,
1000…. It is based on powers of 2 (i.e., uses only two different numeric digits). The
radix is therefore 2.

The octal system is based on 8. Therefore, starting from 0, its order of counting
becomes 0, 1, 2, 3, 4, 5, 6, 7,10, 11, 12,….

The hexadecimal system has 16 digits, six more than the decimal system. The
extra digits beyond 9 are A, B, C, D, E, and F. Thus, numbers, starting from 0 are:

0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A (same as 10 in the decimal system), B (same as 11 in
the decimal system), C (same as 12 in the decimal system), D (same as 13 in the deci-
mal system), E (same as 14 in the decimal system), F (same as 15 in the decimal sys-
tem), 10 (same as 16 in the decimal system), 11 (same as 17 in the decimal system),
12 (same as 18 in the decimal system), 13 (same as 19 in the decimal system), 14
(same as 20 in the decimal system), 15 (same as 21 in the decimal system), 16 (same
as 22 in the decimal system), 17 (same as 23 in the decimal system), 1A (same as 24
in the decimal system), 1B (same as 25 in the decimal system), 1C (same as 26 in the
decimal system), 1D (same as 27 in the decimal system), 1E (same as 28 in the
decimal system), 1D (same as 29 in the decimal system), 1E (same as 30 in the
decimal system), 1F (same as 31 in the decimal system), 20 (same as 32 in the deci-
mal system)….

There is no bar against a number system with any radix. The binary system is
useful in computer technology when dealing with hardware, and has found its way
into software via that route. The octal and hexadecimal systems condense the
binary format, and are the basis for standards that had their roots in how we
thought about the internal hardware and memory of a computer. Thus, they
acquired the halo of “tradition” and seals of approval as “accepted conventions”
for formatting information stored in automated systems.

Ordered Sets and Sequences

A well-ordered set of symbols has a lower bound. A ranking scheme that starts with
1 is an example of a well-ordered set. The set of section and chapter numbers in this
book is another example of a well-ordered set. On the other hand, consider the set
of integers. If we allow negative as well as positive integers in our set, then it will be
an unbounded set of integers that are naturally sequenced from lower to higher
magnitudes. This is an example of a totally-ordered set. The only requirement for a
totally-ordered set is that it be possible to position every member of the set in a
sequence. Mapping ordinal values to a totally-ordered set of numbers suffices to
convey the information in them. Naturally, all well-ordered sets are also totally
ordered but not necessarily vice versa.
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Pi-Calculus

Pi-calculus is a formal mathematical language that describes multiple interacting
concurrent processes. A feature called “mobility” in pi-calculus recognizes that a
network of interdependent events may dynamically reconfigure its topology in step
with interactions between events. Pi-calculus was developed in the late 1980s by
Robin Milner as a formal language for the simulation and analysis of complex inter-
acting processes.

Pi-calculus includes the following:

• A syntax to specify the behavior and interactions between processes;
• A set of “laws of congruence” to determine the equivalence of syntactically

different expressions;
• A set of “reduction rules” to determine the timing and nature of the interac-

tion in terms of: (1) a repertoire of states; (2) an initial state; (3) a set of transi-
tions that describe a starting state, an action, and a postaction state; and (4) a
set of accepting states.

Pi-calculus can address both deterministic and nondeterministic interactions.
Along with issues of timing, state transitions, and guard conditions, pi-calculus
addresses the location and migration of processes from one place to another. The
concept of Place in pi-calculus is an extension of the concept of a purely geograph-
ical place (see Chapter 2 of this book). Readers interested in the mathematics of
pi-calculus will find more information in [75–77].

Petrinets

A Petrinet is a process modeling technique. It is a graphical technique that models
interdependent networks of processes. Carl Petri at the Technische Universität
Darmstadt in Germany developed the technique. The concept was presented in his
dissertation, Kommunikation mit Automaten, submitted in 1962 to the Faculty of
Mathematics and Physics.

Petrinets implement concepts such as cardinality and event conjunctions, with
the artifice of passing “tokens” to successor processes that enable the execution of
these successors. The successor begins only after its predecessors have provided all
tokens it requires as follows.

Think of a Petrinet as a network (see Figure 2.8). Each node in a Petrinet is an
event, called a transition, and each connection between them is a succession rela-
tionship, called an arc. Arcs are conduits for tokens. Each token tells successors at
the end of an arc about the state of the event at the beginning of the arc (i.e., whether
it has occurred or not). Places associated with transitions hold incoming and outgo-
ing tokens. Think of the area within a node in Figure 2.8 as a “place.” A window of
opportunity for a latent process is represented by allowing places to hold a token for
only a limited period of time, while the transition waits to complete its collection of
requisite tokens that will trigger it.
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Thus, a Petrinet consists of places, transitions (activities), and arcs (dependen-
cies) that connect transitions. Input arcs convey tokens from places to transitions,
whereas output arcs convey tokens from a transition to places. Places may contain
tokens. They may also be empty. The number and type of tokens in each place
determines the state of the Petrinet. Transitions cause state changes. They can only
fire (occur) if all preconditions are satisfied (i.e., they are enabled). A transition is
enabled when enough tokens have been collected in its input places. When a transi-
tion fires, it removes tokens from its input places, and may add some to its output
places. The cardinality of each arc determines how many tokens are added or
removed. Firing delays also may be associated with each transition. Figure N.3 is an
example of a simple Petrinet.

Petrinets may have several other kinds of transitions (e.g., stochastic transitions
of different kinds with different chances of occurring), and several kinds of arcs
(e.g., arcs that convey tokens that prevent a transition).

Petrinets that associate data with tokens (i.e., assign values to tokens) are called
color petrinets. Color petrinets are especially well suited for capturing rules about
time delays, guard conditions, and event conjunctions. Sometimes input tokens are
complete but are not output to new places. When this happens, output conditions
and output values (i.e., the token’s values) are shown as box numbers of token data
inside the input place for each output place. This is called an output set place (OSP).
CO petrinets are color Petrinets with OSP. For instance, a business rule that forbids
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assembly of parts unless all parts are complete may be represented with a CO
Petrinet. Readers interested in more information on Petrinets may refer to [69–74,
78]. Section 2.5 of [72] has an especially succinct description of various features and
extensions to the basic technique.

The Law of Minimal Specification and the Principle of Parsimony

The law of minimal specification is a version of Occam’s Razor, a principle formu-
lated in the fourteenth century by philosopher William of Ockham (1284–1347). It
asserts that that only the minimum assumptions needed, and no more, must be
made (sometimes also called the Principle of Parsimony).

The Principle of Parsimony requires the elimination of concepts, variables, or
constructs that are not really needed to model (or explain) a phenomenon. This sim-
plifies the model, and reduces the risk of inconsistencies, ambiguities, and redun-
dancies within or without the model. In other words, Occam’s Razor asks that we
generalize as much as possible, provided we do not generalize essential patterns
away. Chapter 4, Section 1, in [337], discusses essential patterns.

The Principle of Parsimony is especially important for universal models such as
those in this book, because their domains are complex. Without the Principle of Par-
simony, the chances of arriving at a manageable model are very slim. The principle
is a guiding star in the shadowy domains of extreme abstraction, where few other
guideposts exist.

In its original form, Occam asserted, “Pluralitas non est ponenda sine
necessitas.” Translated into English, it reads, “Plurality should not be posited with-
out necessity.” In other words, “Keep it simple.” Simplicity can have different inter-
pretations in different situations. This is why Occam’s Razor can be interpreted in
several ways. In this book, we have interpreted it as admonishing the maximum
level of generalization, without compromising on patterns essential information; or
in our words, the Essential Features of the model.

In ancient Greece, Aristotle also formulated this principle. His version asserts,
“Entities must not be multiplied beyond what is necessary.” Occam’s and Aris-
totle’s principles will be as valid in the futuristic Knowledge Machine of Chapter 3
as they were in the philosophical debates of ancient Greece three millennia ago.
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