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Final exam close to HW midtermproblems withslight variationsandslightly
differentnumbers

Summaryof class content

1 Introduction

Whatis OR Scientificmathematical approachto management decisions

Optimization applied to industrial logisticalorganizational
problems

Inclass we havedeveloped lotsof tools for various

problems fromdifferentdomains

GeneralORworkflow Def problem gatherdata formulatemathproblem solve it
thensensitivityanalysisandrecommendation implementation

2 LinearProgramming

Central importantmethodof OR I 1 to of thisclass

lotsof problems canberecast as or approximatedby CPproblems



2 1 GraphicalSolutions

Onlyworksforsimple P problems 2 or 3decisionvariablesI
For us it was more a toolto understand possibleshapesofthe feasibleregion
forCPbutalsononlinear problems andthesimplexmethod

Tips fordrawingthefeasibleregion
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keypoints Practice findingoptimal
solutions

graphically

Be awareof differentpossible shapesof feasibleregion
Centralroleof CPF solutions

2 2 StandardFormof LPProblems

Convention Minimize Z Tx Cern

subjectto Axeb AeMatluxm belt and X 20

I n constraints m decisionvariables usually mon l

Mainresult If thishasoptimalsolutions a basic solution is amongthem

This is thefoundationof thesimplexmethodtatleastonecomponent O



2 3 TheSimplexMethod

Most fundamental algorithm in OR

Startwithbasicfeasible sol

Choose
leavingandentering

variables as discussed

Repeatuntil no furtherimprovementpossible or someproblem occurs e.g
unbounded

feasibleregion

Practiceusinga simplextableau tosolve LP problems

But in practice largescaleproblems thesimplexalgorithm is used on computers
There are many freeand commercialsoftwarepackages available

We usedpyomo because it isintegrated inpythonwhichiswidelyused free andhas

manypackagesforspecializedtasks

fast easytouse

Studyhowtoread promo programsandtheiroutput

2 4 TheDual LPProblem

startingfromthestandardform
above it is Minimizebty

subject to Atys c and y20

Mathresults o CI e bTy where x is sol toprimalproblem y todualproblem

weakduality

Primalhas optimalsol Dualhasoptimal sol

Inthis case Ctx bty strongduality



Applicationsofdual yea ya
shadowprices changesofprofit perunit capacity

at anentoperatingconditions
Valueofcompany intermsof operationalprofit all ressources

valuedat shadowprices

2 5 TransportationProblems

Veryimportant for logistics

An CPproblemwithvery specific constraints

Minimize Z Cijtij
subjectto Exit s supplywe I Xij dj Idemandwle and Xi 20

If Isi Fdj supply demand thenthere are feasiblesol
Integerproperty

studyhow todealwithextradifficulties usingdummy sources
sinksvariables

2.6NetworkOptimization

Ubiquitous in applications

Problemtypes shortestpath
minimum

spanningtree
a maximumflow

Study the algorithms tosolvetheseproblemtypesbyhand



Overarchingframework Minimumcost flowproblem

Minimize 2 Cijtij

subject to Exij Fx bi and

outflow If
O tis j capacity

constraint

Extraexample projectmanagement criticalpath activitycrashing1

3 FurtherOptimizationTechniques

Fromhere on we
go
beyond LP framework

3 1DynamicProgramming

IsVeryusefulgeneralstrategy formany applications
6Generalprinciple divideproblemintodifferentstages ineachstage an optimalpolicy
decisionneeds tobemade

Solution technique

Westart at theend andkeeptrackof theoptimalcosts

fils xi costofoptimalroutestartingat s stage i it
goingthrough Xi

latstage it and optimal fromthen on

Sri t

III.itusthereofdependingonproblemcontext
fi s yin fils xi l theminimum Xi istheoptimalpolicydecision instageit



Studyhow toset thisupandsolve it with an p
ti table

ProbabilisticDynamicProgramming

here minimize expectedcosts although a morecomprehensiveanalysismighttake

other factorsintoaccounte.gvariance
bprobabilitiesenterinto fils xi function

3 2 Decision Analysis

This is anotherimportantapplication
Howtomakedecisions whenconsequences are uncertain

Howto use
adgt.io finfomation

whichcomesat a cost toimprovedecisions

Asbefore we onlyconsiderexpectedprofithere

Keytools Bayesrule P A B
PIB IA PIA

P1B

Decisionfrees

3.3 InventoryTheory

Importantpracticalproblem

Westudiedvariationsof the EOQmodel
Basicversion setupcost K mitcost c holding

costh continuouswithdrawalrated no

shortagesThen QE F1 isthe optimalorder quantity

Youdon'tneedtomemorizetheformulabutyouneedtoknowhowtoderive it I



Plannedshortages penalty p forshortages Then Q ft Ff
Furthermodels Periodicreview demand ri in period i

use dynamic
programming

Perishableproducts singleperiodwithstochastic
demand minimize

lasbeforeI expected cost

Usually one uses a continuous probabilitydistributionThen

ly I ppg where y optimalorderquantity O cumulative

distribution Olly l optimalservicelevel probabilitythatdemand

issatisfied

For exponentialprobabilitydistributionwefindspecifically

y m wEnt

3 4 Nonlinear Programming

Vast field we justmentionsomeoftheproblemsthatcanoccurlandthatweneedtobe
awareof in applications I andsummarizesome techniques

Be awarewhat canhappen if constraintsnonlinear objectivefat linear
constraints linear objectivefat nonlinear

Importantpractical problem specificallyfornonlinearsolverssuch as ipopt
local us global max min



Summary

Most essentialskills we learned that are relevant for theexam

Solve CP problemswith the graphicalmethod

Solve CP problems withthesimplexmethod

Knowhow toreadandinterpret a promoprogram
Knowwhat thedual LPproblem is andwhat it means

knowhowtosolvethedifferent typesof networkoptimizationproblemswediscussed

Solve dynamicprogrammingproblemswith an s x table

Setupdecisiontrees usingBayesrule

Derive thebasicEOQmodel beawareof thegeneralizations wediscussed
Knowaboutsomeofthedifficultiesof nonlinearprogramming solve nonlinearprogramming
problemswiththegraphicalmethod

All homeworkproblems are relevant forthefinalexamwiththefollowingexceptions

HW2 only Problem3 issuitable notProblemsfor 2

HW10 Problem2 only in shorterforme.g with AnAzSaS only
Hwa Problem 1 togetherwith a derivationoftheEOQformula

Problem2 b no needtomemorizetheformula

HW12 Problem1 goodbut in an exam Iwouldprovidetheformula Ole Eu
Problem2 good

Problem3 notsuitableforexam

For more exercises See the practice exams andsolutions on thewebsite



Final exam organization

Final exam onTue Dec 20 1600 1800

Nonotes no other aides calculators etc are permitted

Gradingwill bedonevia gradescopeUsethistocheckyourexamgradingandaskfor
regradingif necessary


