Stating an optimization problem

Different types of optimisation problems
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Optimisation problem

min f(X’UCL’I"iCLbl€7 7-‘_pa/ra/metefr's) Objective function

Xfuariable
m : Model
+

variable — Tspecification — 0 Speciﬁcations
X o qri <0 .
9(Xoariabte) < Constraints
vaa,riable,min < vaam'able < vaa,riable,maa:

h(Xva/riablea Wparameters) =0
n : Decision Variables X

Degrees of freedom : n-m
Solving method

The goal of the optimisation is to fix the value of the n-m degrees of freedom
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Optimum definition : min or max f(x)

Concave function A f

df (x)
:~--—-----...-H_—\_ dx
7N

L

\ (x) .
f(x) Convex function

=0

1 X2 X x1 X2 X

Concavity condition
Vx,,x, ER, VO €[0,1]: ] x, + (1-0) x, |= 0 £(x, )+ (1-0) £(x, )

9 f(x) positive definite
X 0X . matrix

Hessian matrix E(LC) =V’f(x) =

. T .
ie.Vx=0:x Hx>0= eigenvalues = > 0
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Definition of the optimum : min or max f(x)

(f(z) = fe = Az)) - (f(z) = f(z 4+ Az)) <0

d
Inflection point mar(F@) 2 L =0, i < 2 5 )
o Global
d oba
(A local () /e™a0) (@)~ st am =0 =05
, maximum
maximum i
. : 1 Global
Objective - ; minimum
function :
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Local
minimum X
df(z) _,
5 dx
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Constraints

e Constrained optimisation problems

—Inequality on the decision variables
Xmin <X < Xma:z:

—Inequality constraints
e Linear A-X+B<0

e Non linear G(X) <0

—Equality contraints
*Linear A-X+B=0
* Non linear H(X)=0
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Different optimisation problems

Continuous Variables

X, =X, <X Vi=1,..,n,
Linéar . . Non linear
Objective and equations NLP Objective and equations
minC=Eai*xi+ Ebj*yj 3 minC = C(X,Y)
i=1 =1
! _ MIN I soumisa H(X)Y)=0
soumis d AX + BYZRHS G(X,Y)=0

(mxn_)x nx+(mxny)xny=m

Discrete (integer) variables
y,€00230n,}  Vj=lon
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Definitions

e LP:Linear Programming

e NLP : Non Linear Programming

e MILP : Mixed Integer Linear Programming

e MINLP : Mixed Integer Non Linear Programming
o ILP :Integer Linear Programming

o INLP : Integer Non Linear Programming
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Linear programming problems
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min OBJECTIVE =

Xvam'able ’ Hobj ective

X’uarz’able
F(Xvariabl67 H) = Xva’riable ) Hequality — HRHSequality
G(Xvariablea H) = Xvam'able ) Hinequality 2 HRHSmequality
min , max
variable S Xvamable S vartable
OBJECTIVE
= . .
: ﬁ In linear programming, the
Optimum minimum is always defined by
g, the activation of a set of
inequality constraints that
—_ Inequality become equality constraints
T
/ Xvam'able
/ min "
ch;wiable Afz%?‘fable
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