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Wecontinue our examplefromlasttime

Maximize 2 3 2 2 subject tothe constraints 5x s 100 in

10x I 100 a

4 2 3 2 I 100 s

3 x 5 2 I 100

it 2 0

With thegraphicalmethod forsimplexmethod we findthat s 0 53 i.e
constraints in and131 arebinding no slack

So theoptimal solution x I can be found fromsolving Ax D

with A É
constraint a
constraintis 5 1 1

x A J and Z ctx 5 wherewedefineY IA

and more generally y putting
0 atthenonbindingconstraintshere Mand14

Hereconcretely FI et A 3,21 I 3 2 I 45

I 11 10 y Is 1,0 70,01






































































































































Now Changecapacities b by a smallamount ismall meaningthebindingconstraints

remain the same

Then b b 8 and we find x AT5 51

newprofit Z 8 yt bts ytb t y's

The y ya are called shadowprices Theseare thechangesofprofitperunit

of capacity at currentoperating conditions

Indeed thefollowingholds

Theorem Thevalueof a company intermsof maximalprofitfromits operation

equalsthevalueof allits resources valuedat thecurrentshadowprices

Proof Set f b so 2181 yt b b 0 no resources no operations noprofit

Note thisdoesnotchangethebindingconstraints eventhough f b islarge
sincewejustrescalethefeasibleregionproportionally

Thus 2181 2101 ytb O so Z o ytb
Tofte Tsourcesvalued
company atshadowprices

0

In our example we found y So forexample increasingthecapacity

of constraint in by one unit willincrease theprofitby f



If wecould choose toincrease theworkinghours for either constraint weshouldchoose

constraint 131 because thisincreasestheprofit themost

Next Howto computeshadowpricesdirectly viasolvingthedual LP problem

Recall theexample maximizeprofit 2 30 20 2 Ctx
withconstraints s 100

x I 100 Axeb

30 2 I 100

a 50 2 I 100

Xr te 2 0

Now Consider thefollowingscenario A companywants tobuy our productioncapacity

What are fairpricesyayepy forthe resources 111,121B 141

In our example profitper car

profitpertruck

current car assemblyhours forconstraintAl forconstraint131 for
constraint141

trucks for it 30for131 for 4

Thus wewant at

beat least asprofitableasproducinga car truck

Igysty20
in capacitytoproduceone car truckneedsto

Recall A AE 8 is thetransposeof A



The pricefor all capacity is y 100 ya100 by Minimizingthisyieldsthe
minimumprize

This leadsto the dualproblem minimizeby
subjectto Atsc and y20

as compardtotheoriginal primalproblem maximizeCtx

subjectto Axeb andx D

Soling thedal problem givesus theshadowprices

Tworesults about therelationbetween dualandprimal LP

Notethat ctx xtc e xTATy AxTyebty
ceAtty ABIEBTAT Axeb

This is known as weakduality

If x is a solution to theprimalproblem i e it is feasiblebutnotnecessarilyoptimal
andy is a

solutiontothedualproblem then ctx ebty

Abithardertoprove butintuitivelyclear is strongduality

Thedualhas an optimalsolution if andonly if theprimaldoes Inthis case
ctx bty


