



































































































































OperationsResearch JacobsUniversity Fall2022 Session

Prof SorenPetrat Sep8,2022

Wecontinuethe examples fromlasttime

Xz Exit
at

2 minimize 2 64 9 2 slope sx

constraints 37K 15 4x

Axel feasible

region57 8 140

2 3 21 24 3 76 Edgett

xxxI Xz 0 f 8 4

Heretheslopesofobjectivefatand Z 18 6 1 9 2 anywhere
onedgetconstraint4arethesame

Anypoint on edgeAis anoptimalsolution i.e thereareinfinitelymany
Wecallsuchproblems degenerate meaninginfiniteymanypointsonthe

boundedlinesegmentbetweenpoints
10,2 and13,0 i.eledgeA

3 maximize 7 44 2 2 52 as Zincreases

constraints X 12 224 x

3xrtx 27 feasibleregion
X 12 217

BOTrix 20
X Xy X






































































































































Herefeasibleregion is
unbounded and Z increases in unbounded direction

Thereare infinitelymanyfeasiblesolutionsbut noneof themis optimal

Note If Z wouldbeminimizedtheoptimal solutionwouldbe at B 31 and 2 10.1

axe

4 maximize Z 3x t 4 2 Gx

constraints X t Xe E 1

2x t x2 74

ta Xz20

I I xp

Thefeasibleregionis empty ithereare no feasiblesolutions

Wecallsuchproblems over constrained

Summary

a bounded
é optimalsol isÉÉ f
I n manyoptimalsolutions

eitheroptimalsol is CPF onlyb
unbounded e p man optimalsolutions

no optimalsolution

d empty no optimalsolution



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 Eawi Xi 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

CPproblem 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

a x In b f are columnvectors

CI in imI c transpose row vector

CI la cul II Ei cixi
Emultiplicationof aMmlmatrixwithanluxelmatrix

A11 I nxmmatixiotes.IEnmaties

Rm III LEFF I
Aunt AumXm

i e f x ÉAijx



Ax b means É Aijxj b forall i ti in

Claim Every LP problem can be written in standardform

Weillustrate thiswiththe followingexample proofbyexample

Maximize Z X t 2x 3 3

Constraints X tXz Xz 1

2x txt 2 32 5

Xn Xz I 4

rt x I 5

Xi 20

Xz2 O


