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Optimization

AActually operations research

[ Mathematical optimization is the tool
AApplied maths

[ Major academic and industrial research topic
AComputationally oriented

[ Many commercial solutions

[ Yes, you can use Python
ANot code optimization!



Operations research applications

A Airlines

[ scheduling planes and crews, pricing tickets, taking
reservations, and planning fleet size

A Logistics
[ routing and planning
A Financial services
[ credit scoring, marketing, and internal operations
A Deployment of emergency services
A Policy studies and regulation

[ environmental pollution, air traffic safety, AIDS, and
criminal justice policy



More operations research applications

AProject planning
ANetwork optimization
AResources allocation
ASupply chain management
AAutomation

AScheduling

APricing



Optimization problem

AMany decision variables
[ How should | price my new products?

[ How many server resources should | assign to
each client?

AAn objective
[ Maximize net profit
[ Minimize client waiting time



Objective function

AObijective: find the best choice for the decision
variables
[ the values that give the maximum yield (or the
minimum cost)
AObijective function : the yield (or the cost) | get
for a given choice



Decisions and objectives

Al buy 100kg flour at 50 U
[ Want to decide how to use it
A70kg -> bread, 30kg -> cookies
[ Decision variables
TX=70, 30
ASell 1051 of bread and 751 of cookies

[ Objective function value.:
Mf(X) =105 + 751 50 = 1300






Constraints

A Not every solution is good

A 100kg flour Y c an 6t
bread

[ fl our bread

us

e

Python, numerical optimization, genetic algorithms

daviderizzo.n

I'50kg for

our _cookies O 1
o 100K
o
i | .

(@) 3 N

®] !

Y

5

o | .
= 503' e

R W >

flour_bread

et

00



Python, numerical optimization, genetic algorithms daviderizzo.net

Constraints

A Inequalities often describe
constraints 150

A Many constraints

[ There are problems with
thousands inequalities

A Limited sugar
[ 1 part sugar, 3 parts flour
[ 20 kg sugar available
[ flour_cookies < 60
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Search vs. optimization

A Well-known among A Broader class of problems
programmers [ Includes search problems

A Include tree-search and graph A Continuous search space
search algorithms [ Discrete as a special case

A Work on a discrete search A Search algorithms used to
sSpace solve many optimization

problems
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Numerical optimization

Finding the optimum in linear and non -linear problems with
exact methods
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Objective function classification

AGeneral theory for every problem
[ Very good results for simple problems
A Obijective function structure
- Smoothness and regularity determine complexity
- Good guarantees for linear functions
' No exact results if irregular
AFactors other than objective functions
[ Constraints
[ Integrality on variables
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Line (one variable)

Plane (two variables)

LIinear

100 n T

G
e

A,

G
7
s

e rar e sy
e

100 - -

90 |

80 ~

70 ~

60 —

50 ~

f(X],xz)

40 -

S
G

304

e
i
s s

20,

10 £
100

0 25 50 75 100

A greater number of variables does not complicate matters!
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LIinear

ALinear objective function

[ cO + sum(c[ ]*x[ |]for ' range( len (vars )))

= Cp + E Cid:

[ Bakery example
vars = ['flour_bread', 'flour_cookies']
c=[1.5, 2.5]; cO = - 50

>>> obj_fun ([70, 30])
130.0
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