Discrete
Optimization

Constraint Programming: Part VII
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Car Sequencing

range Slots = ...;

range Configs = ...;

range Options = ...;

int demand[Configs] = ...,

int nbCars = sum(c in Configs) demand[c];
int 1lb[Options] = ...;

int ub[Options] = ;

int requlres[Optlons Conflg] = ...
var{int} line[Slots] in Configs;

var{int} setup[Options,Slots] in 0..1;

solve {
forall (c in Configs)
sum(s in Slots) (line[s] = c¢) = demand|c];

forall (s in Slots,o in Options)
setup[o,s] = requires[o,line[s]];

forall (o in Options, s in 1..nbCars-ub[o]+1)
sum(j in s..s+ub[o]-1) setup[o,s] <= 1b[o];
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int 1lb[Options] =
int ub[Options] =
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var{int} line[Slots] in Configs:
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forall (c in Configs)
sum(s in Slots) (line[s] = c¢) = demand|c];
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forall (s in Slots,o in Options) P

setup[o,s] = requires[o,line[s]];
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Car Sequencing

line[s] denotes the

range Slots = ...; type of car sequenced

range Configs = ...; on slot s
range Options = ...;

int demand[Configs] = ...;
int nbCars = sum(c in Configs) demagp#fc]; setup[o,s]=1

int 1b[Options] = ...; iIf slot[s] has a car

int ub[Options] = ...; ! :
int requires[Options , Config] = ...; SEQUIRg apuon o

var{int} line[Slots] in Configs:
var{int} setup[Options,Slots] in 0..1;

demand
solve { constraints
forall (c in Configs)
sum(s in Slots) (line[s] = c¢) = demand|c];

defines the setu
forall (s in Slots,o in Options) P

setup[o,s] = requires[o,line[s]];

variables

forall (o in Options, s in 1..nbCars-ub[o]+1)

sum(j in s..stub[o]-1) setup[o,s] <= 1lb[o]; capacity

constraints
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Car Sequencing

range Slots = ...;

range Configs = ...;

range Options = ...;

int demand[Configs] = ...,

int 1b[Options] = ...;

int ub[Options] = ...;

int requires[Options,Config] = ...;
var{int} line[Slots] in Configs;
var{int} setup[Options,Slots] in 0..1;

solve {
forall (¢ in Configs)
sum(s 1n Slots) (line|[s]

c) = demand]|c];

--------------------------------------------------

------------------------------------------------------------------
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Car Sequencing
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Car Sequencing: Redundant Constraints

» Consider an option o with
— Capacity: 2 out of 3

— Demand: 12 cars
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Car Sequencing: Redundant Constraints

range Slots = ...;

range Configs = ...;

range Options = ...;

int demand[Configs] = ...;

int 1b[Options] = ...;

int ub[Options] = ;

int requires[Options, Conflg] = ...;
var{int} line[Cars] in Configs;
var{int} setup[Options,Slots] in 0..1;

solve {
forall (c in Configs)
sum(s in Slots) (line[s] = ¢) = demand[c];
forall (s i1n Slots,o in Options)
setup[o,s] = requires[o,line[s]];

forall (o in Options, s in 1l..nbCars-ub[o]+1)
sum(j in s..s+ub[o]-1) setup[o,s] <= 1b[o];

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------
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Improving Communication

Constraint Store
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Improving Communication: Surrogate Constraint

Constraint Store
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Improving Communication: Implied Constraint

Constraint Store
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Dual Modeling

» Sometimes there are multiple ways of
modeling a problem

—not the same decision variables

> The two models may have complementary
strengths

— hard to choose between them

—some constraints are easier to express in one
model and others in the other one

> Dual modeling

—the idea of stating multiple models of a problem
and linking them with constraints



Back to the 8-Queens Problem

» \What are the decision variables?

— many possible modelings
* this Is what makes optimization problems interesting :-)
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— many possible modelings
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» Here is one modeling
— associlate a decision variable with each column

— the variable denotes the row of the queens
placed in this column
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Back to the 8-Queens Problem

» \What are the decision variables?

— many possible modelings
* this Is what makes optimization problems interesting :-)

---------------------------------------------------------------------------------------------

> Here Is another modeling
— associate a decision variable with each row .
. — the variable denotes the column of the queens

placed in this row

--------------------------------------------------------------------------------------------

> \What are the constraints?
— the queens cannot be placed on the same row

— the queens cannot be placed on the same
upward diagonal

— the queens cannot be placed on the same
downward diagonal



The 8-Queens Problem with Dual Modeling

range R 1..8;

range C 1..8;

var{int} row[C] in R;

var{int} col[R] in C

solve {

forall(i in R,j in R: i < j) {

row[i] # row[jl:;
row[i] # row[j] + (J - 1);
row[i] # row[j] - (3 - 1i);

}

forall(i in C,jJ in C: 1 < 7j) {
col[i] # col[j]:
col[i] # col[j] + (3 - 1i);
col[i] # col[j] - (3 - 1i);

}

forall(r in R,c in C)
(row[c] = r) <=> (col[r] = c);
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The 8-Queens Problem with Dual Modeling

range R
range C
var{int} row[C] in R;
var{int} col[R] in C
solve {

1..8;
1..8;

forall(i in R,j in R: 1 < j) {
row[i] # row[jl:;
row[i] # row[j] + (J - 1);
row[i] # row[j] - (3 - 1i);

}

forall(i in C,jJ in C: 1 < 7j) {
col[i] # col[j]:
col[i] # col[j] + (3 - 1i);
col[i] # col[j] - (3 - 1i);

------------------------------------------------------

-------------------------------------------------------
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