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Optimization

ÅActually operations research

ſMathematical optimization is the tool

ÅApplied maths

ſMajor academic and industrial research topic

ÅComputationally oriented

ſMany commercial solutions

ſYes, you can use Python

ÅNot code optimization!
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Operations research applications

ÅAirlines
ſscheduling planes and crews, pricing tickets, taking 

reservations, and planning fleet size

ÅLogistics
ſrouting and planning

ÅFinancial services
ſcredit scoring, marketing, and internal operations

ÅDeployment of emergency services
ÅPolicy studies and regulation
ſenvironmental pollution, air traffic safety, AIDS, and 

criminal justice policy
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More operations research applications

ÅProject planning

ÅNetwork optimization

ÅResources allocation

ÅSupply chain management

ÅAutomation

ÅScheduling

ÅPricing
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Optimization problem

ÅMany decision variables

ſHow should I price my new products?

ſHow many server resources should I assign to 
each client?

ÅAn objective

ſMaximize net profit

ſMinimize client waiting time
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Objective function

ÅObjective: find the best choice for the decision 
variables

ſthe values that give the maximum yield (or the 
minimum cost)

ÅObjective function : the yield (or the cost) I get 
for a given choice
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Decisions and objectives

ÅI buy 100kg flour at 50ú

ſWant to decide how to use it

Å70kg -> bread, 30kg -> cookies

ſDecision variables

¶X = 70, 30

ÅSell 105úof bread and 75úof cookies

ſObjective function value:

¶f(X) = 105 + 75 ï50 = 130ú
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Visualizing the problem
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Constraints

ÅNot every solution is good

Å100kg flour Ÿcanôt use 150kg for 
bread

ſflour_bread + flour_cookies Ò 100
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Constraints

ÅInequalities often describe 
constraints

ÅMany constraints

ſThere are problems with 
thousands inequalities

ÅLimited sugar

ſ1 part sugar, 3 parts flour

ſ20 kg sugar available

ſflour_cookies < 60
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Search vs. optimization

Search algorithms Optimization algorithms

ÅWell-known among 
programmers

ÅInclude tree-search and graph-
search algorithms

ÅWork on a discrete search 
space

ÅBroader class of problems

ſIncludes search problems

ÅContinuous search space

ſDiscrete as a special case

ÅSearch algorithms used to 
solve many optimization 
problems
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Finding the optimum in linear and non -linear problems with 
exact methods
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Objective function classification

ÅGeneral theory for every problem

ſVery good results for simple problems

ÅObjective function structure

ſSmoothness and regularity determine complexity

ſGood guarantees for linear functions

ſNo exact results if irregular

ÅFactors other than objective functions

ſConstraints

ſIntegrality on variables
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Linear

Line (one variable)

Plane (two variables)

A greater number of variables does not complicate matters!
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Linear

ÅLinear objective function
ſc0 + sum(c[ i ]*x[ i ] for i in range( len ( vars )))

ſBakery example
vars = ['flour_bread', 'flour_cookies']

c = [1.5, 2.5]; c0 = - 50

>>> obj_fun ([70, 30])
130.0
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Non-linear òsmoothó
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