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Last time we started discussing minimumcostflowproblems

Example HillierLieberman Chapters3.4and9.6
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General formulation a nodes ie N

directedarcs i jle A

Cij unit costoftransportation on are lijl

Uij max capacity on are i j
nodeconstraints bi 0 forsupplysourcenodes

bi co for demandsinknodes
a bi O for transshipmentnodes

Xij flowfrom i to j decisionvariables



LP formulation Minimizecost2 a Cijtij

Constraints FXij
outgoing III

bi forallnodes ien
in
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at nodei

and Of xijeuij forall arcs i j le A

NoteSimilarly as discussedbefore

One can show that a necessary conditionforfeasible solutions is Fbi 0
supply demand This can alwaysbeachievedby introducingdummynodes

similarly as wediscussedbefore1
Allbasicvariablesin allbasic feasiblesolutions areinteger if allbiand ai areinteger
A faster networksimplexmethod is available

How can our previous casesbeformulated as mincostflowproblems

Transportationproblem only supplyanddemand nodes no transshipment nodes all supply
nodes connected toalldemandnodes

all up n since no upperboundconstraints

ShortestPathproblem origin supplynodewith b 1

destination demandnodewithby 1
othernodes are transshipment i.e bi 0
drawallarcs inbothdirections exceptsourcesink

all Uij D
Ci distanies as given



MaxFlowproblem all Cij 0 largerthanagoodguessforthemax flowgiventheUj
source b FTarp sinkby F allothernodesbi O

Uij as given
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Problemtype 1

GivensetofactivitiestakingtimeTi tocompleteandtheirdependencies

e.gbuilding
construction

Goal findminimaltimetocompletion andthecorrespondingorderofactivities
criticalpath throughnetwork

Setup decisionvariables ti startingtimeofactivity i
minimize tfinish
constraints tj a ti t ti if j depends on

itstart O

ti so
Problemtype2

Suppose a completiontimeisprescribedbut it is shorterthanthecriticalpathfrom
above Assumewe can reducethetimesof certainactivitiesat a cost thisis
called crashing an activity
Introduce x unitsof timesaved on activity i decisionvariables

Ti regulartimeforcompletion
R i maximaltimethat canbesaved

Ci costof saving oneunitof time



P problem minimize cost Citi

subjectto Xie Ri forallactivities i

t s ti t Ti xi

ti 20 Xi20

Example Hillier LiebermannChapter9.8 19thedition ReliableConstructionCompany
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soafactivitiescaubefinished

Supposeprojectneeds tobe completed in40weeks i.e weneedtocrash some

activities see promocodediscussion



Somepossible exam topicsquestions

Formulate a giventextproblem as LP

Solve CP problem graphically alsoshapeoffeasibleregion numberofsolutions

Write CPproblem in standard form
Gaussianelimination andbasic solutions

Use simplexmethod tosolve LP problem what if feasibleregionis
unbounded I

Shadowpricesandtheirmeaning
Dual CP problems weakandstrongduality
Transportation problemsandtheir LP formulation

Integer solutionproperty dummyvariables

Solveshortestpath minimumspanningtree maximum flowproblems
Minimumcostflowproblemand LP

Pyomo explaincode i explainoutput extract LPproblem in mathematicalnotationfrom
code what happens if somethingis changed in thecode

Goodpracticemidterm Fall 2020 seewebsite


