



































































































































OperationsResearch ConstrictorUniversityBremen Fall2023 Session3

Prof SorenPetrat Sep12 2023

Moregenerally twoprototypicalexamples butmixtures arealsopossible

of linearProgramming LP models are

I Activityanalysisproblem e.gWender

A setof activities or products

R setof resources forproductionfacilities

Wig workloadrequiredfromactivity ie A on resource jeR

Cj availablecapacity of resource jeR

pi profitfromperformingoneunitofactivity ieA
e decisionvariables ti ofunitsofactivity ie t toperform

P problem maximize Z Eypix totalprofit

constraints EAwij X E Cj forall jeR and Xi 20 forall ieA

III Diet typeproblem
F setof foods
on setof nutrients

Ci unitcostof food ie F

rj minimumrequirementfornutrient je N

aig
amountof nutrient je N fromeatingoneunitof food ieF

decisionvariables x ofunitsoffood ieF to consume



P problem a minimize 2 Et Cixi ltotalcost

constraint E ai Xi 2 rj forall jeN and ti O forall ie F

2 2 StandardForm of LP Problems

GoalBring all LP problemsinto a
standardized formThenlaterwecaneasier

develop a general algorithm tosolvethem

GoalWriteLP problems inthefollowingstandard form note somebooksmightuse
otherverysimilarstandards

Minimize Z Ctx with selim x IR

Constraints Ax b with A annum matrix belt
and X 20 meaningXj20 for all j 11 m

Explanationof notation

o x In b f are columnvectors

CI in imI c transpose row vector

CI la cul II E Cixi Fdotproductof c and x
Emultiplicationof a nmmatrixwithanluxelmatrix

A11 I nxmmatixiotes.ttImaties



Ram III LIFE I
Aunt AumXm

i e Fx ÉAijx
Ax b means É Aijxj b forall i ti in

Claim Every LP problem can be written in standardform

Weillustrate thiswiththe followingexample

Maximize Z X 2x 3 3

Constraints X x2 X 1

2x txt 2 32 5

Xn Xz 14

tax 15

so

220

Step 1 Turn maximizationintominimization if necessary

Ourexample Minimize Z E x 2 3 3 Uf Al
min

step2 Slackvariables

Firstwriteinequalities in standardorder allvariablestotheleft numberto
theright c sign
Ourexample Write as 2x x2 2 315



Then t rn inequalitiesinto equalities thou negativity constraints by

introducing
slackvariables si

Ourexample Write 20,30 as

2x x2 2 3 S 5 with S 20

X Xz 52 4 with 5 20

Xz x 53 5 with 5 I 0

Step 3 Replacevariableswithout nonnegativity constraintbydifferences

Ourexample x has no nonnegativity constraint

write x u v with u 20 v20

To summarize wehave rewrittentheprobleminstandardform with

2 1 2 2 1 O O

1 1 1
0 1 1 1 0 0 1

E TI AI b I o

m 7 n 41

We are now confrontedwith solving a systemoflineareqs Ax b with
Ae Mat axm belt

Note

As in the exampleabove forus A istypically awidematrix m n i.e the

systemis underdetermined and there are manysolutions



In Finite Mathematicsyoulearnedabout least norm solutions i.e solutionsthat

minimize11 11 Ourgoalis Find
solutionthat optimizes thelinearobjectivefunction

Nextstep Findallsolutions to Axeb usingGaussianelimination

IAfterwardsselecttheoptimalone


