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Reversed matrices

[c] = {(x,Ax) | x € k?)} [d] = {(Ax,x) | x €k3)
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(Sound and complete) axiomatisation
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Farkas’ Lemma

rE€R"st. x>0and Az =0

(b) =

y € k™ s.t. Ay > 0and bly = —1
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Diagrams 0 — 0

PA i PA

» Lemma 17 For any diagram c: 0 — 0 of PDiag, eitherc = orc = o—
\/
TRUE
FALSG



Farkas’ Lemma

(a) Jr €e R" s.t. x > 0and Ax = b (b) Jy € k™ s.t. ATy >0and bly = -1




The polar operator

» Definition 10. The prop morphism -°: PCDiag — PCDiag s inductively defined as:

—CO:—CC —e° = —0 _}o: — D:)— = »— o0—° =e—
D= P e = = “=1C =
T oo (c@mdP = @d (c:d)° =cd° X=X




The polar operator (on matrices)
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Linear programming duality

(P) :

max{cr | Ax < b,x > 0} (D) := min{bly | ATy > " and y > 0}
(P) (D) bounded | unbounded | unfeasible
bounded v
unbounded v
unfeasible v v
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Linear programming duality
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Linear programming duality

ﬁ
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HrH >)— iff k= maz{cz| Az < b,z > 0}

S P
=T lfa I 2

P= e iff (P) is unbounded

[P] = {(e,2) €k’ x k' | z < cx,2 >0, Ax < b}

PZro e iff (P) is unfeasible



Linear programming duality

3_0 D= 2}@—1 iff k=min{b'y| ATy <c',y >0}

D::_};ﬁ{# 3_

A

T

D= e iff (D) is unbounded

[D] = {(z,0) e k! xk”|z>b"y,y>04Ty>c")

D= oo iff (D) is unfeasible
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(P) (D) bounded | unbounded | unfeasible
bounded v
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» Theorem 21 (Duality). The following hold:
1. For all k € k, P[P:Ai—zc}} if and only if D[P:A—Z k H

2. IfP[Z\o—,thenD[P:A—oo—l 3. [fD[PZA—Q,theTLP[P:AI—OQ—



Questions?




