Discrete
Optimization

Linear Programming: Part V|



Goals of the Lecture

> Linear programming
—where is this dual coming from?
—what does it mean?
—what is useful for?



Bounding

Imax 4£E1 -+ To T 5333 + 33?4
subject to
L1 — Lo — L3 T 3.’,1?4 S 1
5213‘;_ + To + 3$3 T 85174 S DO
—x1 + 229 + 3x3 — O14 < 3

» can we find an upper bound?

107y 4+ 229 + ©O06x3 + 1loxy, < 110
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Imax 4261 -+ To T 5333 + 33?4
subject to
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» can we find an upper bound?
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Bounding

max dr1 + ro + oxrg3 + x4
subject to
L1 — L9 — L3 T 3.’1?4 S 1
" br; + x93 4+ 3x3 + 8xry < 55
- — 21 + 25132 + 3563 — 5564 S 3
» can we find an upper bound?
107y 4+ 229 + ©O06x3 + 1loxy, < 110
dc1 + 3x90 + O6x3 + x4 < I8
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» can we find an upper bound?
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> positive combinations of the constraints
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Bounding

max dr1 + ro + oxrg3 + x4
subject to
L1 — Lo — L3 T 3.’1?4 S 1
5213‘;_ + To + 3$3 I 85174 S 515,
—x1 + 229 + 3x3 — O14 < 3
> positive combinations of the constraints
Y1 ( r1 — T9 r3 + x4 )
yo ( Dxr1 + ro + 3xz3 + 8xy )
ys ( —x1 + 222 + 33 — bdxg )
<
minimize (11 + 55y2 + 3y3

-----




Bounding

Imax 4£E1 -+ To T 5333 + 33?4
subject to
1 Lo  — r3 T 3.’1?4 < 1
5 1 T+ To + 3$3 I 85174 S 515
— + 29 4+ 3xr3 — oxgq < 3
> positive combinations of the constraints
Y1 ( ! 331\ — T9 r3 + x4 )
Y2 ( 5:131 I L9 B 3563 T 8564 )
ys —Z1 + 2x2 + 39x3 — 94 )
<
minimize (11 + 55y2 + 3y3

-----




Complementarity Slackness

>» \What do these dual variables mean?

Let ™ and y™ be the optimal solutions to the primal and dual.
The following conditions are necessary and sufficient
for the optimality of ™ and y™.

mn

Za@-ja:;f:bi Vy: =0 (1 <i<m)
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and
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Zaijyf:cj Vz; =0 (1<j<n)
i=1



Economic Interpretation
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Economic Interpretation
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> for some small i, this linear program has an
optimal solution

z" + ny L
i=1
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optimal primal objective  dual solution




Duality in the Tableau
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Duality in the Tableau
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> at optimality, the cost become ¢; — CBAEslAj




Primal - Duadl

> Primal simplex
— primal always feasible; dual not



Primal - Duadl

> Primal simplex
— primal always feasible; dual not

» Dual simple
—dual always feasible; primal not



Primal - Duadl
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» Dual simple
—dual always feasible; primal not

>» Why using the dual?

— | have an optimal solution and | want to
add a new constraint

— The dual is still feasible (Il am adding a
variable); the primal is not

— Optimize the dual and the primal
becomes feasible at optimality



Primal - Duadl

> Primal simplex
— primal always feasible; dual not

» Dual simple
—dual always feasible; primal not

>» Why using the dual?

— | have an optimal solution and | want to
add a new constraint

— The dual is still feasible (Il am adding a
variable); the primal is not

— Optimize the dual and the primal
becomes feasible at optimality

» Use the same tableau
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Until Next Time

10



