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Evapén tou Toolbox:

=) MATLAB R2017b

HOME

C 6 & M Menu P Apps P Optimization

Get More Install Package Curve Fitting Optimization Pl
Apps  App  App
FILE

[

N

oto Workspace:

>> optimtool N >> optimtool ga



) Optimization Tool

Eile Help

Problem Setup and Results

Options

Quick Reference

Solver: iga - Genetic Algorithm

Problem

Fitness function:

MNumber of varniables:

Constraints:
Linear inequalities: A
Linear equalities: Aeqg:
Bounds: Lower:
Monlinear constraint function:
Integer variable indices:

Run solver and view results

Use random states from previcus run

Start Pauze Stop

Current iteration:

Clear Results

N 4

Final point:

=l Population

Population type: | Double vector

Population size: (®) Use default: 30 for five or fewer variables, otherwise 200

() Specify:

Creation function: | Constraint dependent

Initial population: (®) Use default: []
O Specify:

Initial scores: (@) Use default: []
() Specify:

Initial range: (®) Use default: [-10;10]

O Specify:

=l Fitness scaling

Scaling function: | Rank

[=] Selection

Selection function: | Stochastic uniform

[=1 Reproduction
Elite count: (®) Use default: 0.05*PopulationSize
O Specify:
Crossover fraction: (@) Use default: 0.8
) Specify:
El Mutation

Mutation function: | Constraint dependent

Genetic Algorithm Solver
This tool corresponds to the ga function.

Click to expand the section below
corresponding to your task.

Problem Setup and Results
Problem

Constraints
Run solver and view results
Options

Specify options for the Genetic Algorithm
solver.

Population

Fitness scaling
Selection
Reproduction
Mutation

Crossover

Migration

Constraint parameters
Hybrid function
Stopping criteria

Plot Functions

OQutput function
Display to command window

User function evaluation

More Information
User Guide

Function equivalent




PROBLEM

H ouvaptnon kataAANAOTNTOC TOU MPOoBARMATOC, N cuVAPTNON TTOU
NPEMEL va eEAayLotomolnBel. Mmopet va SnAwbOel wc:
- elte wc¢ function handle:

T.X. yla tn ouvaptnon f(x) = x? + 8% — @(x) (x*2+8*x/4)
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PROBLEM

H ouvaptnon kataAANAOTNTOC TOU MPOoBARMATOC, N cuVAPTNON TTOU
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PROBLEM

H ouvaptnon kataAANAOTNTOC TOU MPOoBARMATOC, N cuVAPTNON TTOU
NPEMEL va eEAayLotomolnBel. Mmopet va SnAwbOel wc:
- elte wc¢ function handle:

T.X. yla tn ouvaptnon f(x) = x? + 8% — @(x) (x*2+8*x/4)

NMPO20OXH:

ylo Ttavw amo 1 HeTtoBANTEC, XPNOLUOTIOLW SLAVUCUOL LLE TOOO.
oToLEla 00EC PETAPANTEC EXW

m.x. ywa tn ouvdptnon f(x,y,z) = 2+2 —z/5

|
X(3)

— @) (  "2+2%07 +x(3)/5)



PROBLEM

H ouvaptnon kataAANAOTNTOC TOU MPOoBARMATOC, N cuVAPTNON TTOU
NPEMEL va eEAayLotomolnBel. Mmopet va SnAwbOel wc:
- elte wc¢ function handle:

TL.X. yla T ouvdptnon f(x) = x? + 8% — @(x) (x*2+8*x/4)
- elte WG Ovoua apyeilov cuvaptnong:

1L.X. yla tn ouvdptnon f(x) = x? + 8% — @myFitFunc

function £ = myFitFunc (x)

OTou: saved as: myFitFunc.m

f = x*2+8*x/4;

end



PROBLEM

H ouvaptnon kataAANAOTNTOC TOU MPOoBARMATOC, N cuVAPTNON TTOU
NPEMEL va eEAayLotomolnBel. Mmopet va SnAwbOel wc:
- elte wc¢ function handle:

TL.X. yla T ouvdptnon f(x) = x? + 8% — @(x) (x*2+8*x/4)
- elte WG Ovoua apyeilov cuvaptnong:
1L.X. yla tn ouvdptnon f(x) = x? + 8% — @myFitFunc

function £ = myFitFunc (x)

OTou: saved as: myFitFunc.m

f = x*2+8*x/4;

end

O aplBuog avetaptntwyv petaPAntwy mou xpnotporolel n fitness function



CONSTRAINTS

otn popdn mvakwv/dtavuopdtwyv: A-x<b

ny. éotw oun f(x) = x;% + 8%2 opiletaL povoya x; +x, =1, x, < 10
TOTE:

X1+x,=21 - —x;—x, < -1
XZS:lO

apa: A = [-1 -1;0 1], b = [-1;10]



CONSTRAINTS

otn popdn rvakwv/dtavuopdtwy: A-x<b

.. £0TW (')ur]f(x):x12+8%2 opiletaL povoya x; +x, =1, x, < 10
tote: A = [-1 -1;0 1], b = [-1;10]

otn popdr mvakwv/dlavuopdatwy: A, x = b,

T.X. €0tw otL N f(x) opiletat péovoya x; =78 — x5, x, = 2x1 + 5
10te: Aeq = [1 1;-2 1], beq = [78;5]

o€ popdn dlavuouaTwy:

m.x. €0tw ot n f(x) opiletat povoyia 1 < x; <6,—-3< x, <8
ote: 1b = [1 -3], ub = [6 8]



CONSTRAINTS

otn popdn function handle TN ocuvAPTNONG TTOU TEPLEXEL TOUC
TEPLOPLOOUC W Ttivakec/dlavuopata: c<0,ceq=0

, : , L X1% | xp?
T.X. €0Tw OtL N f(x) €XeL TOUG TTEPLOPLOKOUG: ; + Z <1,x,>x°—-1

TOTE N OUVAPTNON TTIOU TIEPLEXEL TOUG TTEPLOPLOUOUC Bat elval:

function [c,ceqg]=nonlLinConstraints (x)
c(l) = (x(1)*2)/9 + (x(2)*2)/4 - 1;

c(2) = x(1)"*2 - x(2) - 1;

ceq = [];
end

kal oto “Nonlinear constraint function” ypadoupe: @nonLinConstraints



CONSTRAINTS

Av KAToLeC LeTaBANTEC TOU TIPOPBANATOC TTALPVOUV LOVO OKEPOLEC TIUEC,
TOTE ONAWVOULE TIOLEC ELVOL AUTEC OL HETAPBANTEC, ypAdovTac o€ Eva
dlavuopa tov deiktn Touc.

LY. €0Tw OTL N f(x) €xeL 5 HETAPANTEG: X1 , X5 , X3, X4 , X
KOL OL X1 , X3 , X4 TIALPVOUV LOVO QKEPOALEC TLUEC.
tote Ba ypaoupe: [1 3 4]



POPULATION

Double vector (default)qiBit string (yia tipég 0,1)

To peyeBocg tou mAnBuopou, m.x. 100 xpwpoowpoTo

N ocuvaptnon mou SNHLOVPYEL TOV apxLko MANOBuoO

— otav urntapyouv Integer Constraints oto mpoBAnua:
emiAeyoupe Constraint dependent

— otav 6ev umtapyouv Integer Constraints:
Uniform: dnuwoupyel evav tuxaio apxtko mAnbuouo
Feasible population: dnulouvpyel Evav Tuxaio apxtko mTANBuoo
TIOU LKOVOTIOLEL [LOVO Ta KpLthpla “Bounds” kat “Linear
constraints”



FITNESS SCALING

METATPETEL TIC TIMEC TNC ouvapTtnong KataAAnAotntoac (scores) mou
TLOLLPVOUV T XPWHOCWHOTO O€ £VOL EUPOC TLUWV KATAAANAWVY va
Xpnotomnoln®ouv amo tn cuvapetnon EMAOYNC.

ouvNOwc: Rank (petatpemnel ta score o€ katataén (1,2,3,...))



SELECTION - H texvikn emthoyn¢ yoveEwv

Uniform: tuxoia erloyn He facn TNV KAVOVIKA KOTOVOUN
Roulette

Tournament

Tournament size: mMANBOC XpwWHOCWLLATWY TtoU Ba eTIAEYoLUV TUYALDL
Qo TOoV 0PXLKO TTANBU OO



SELECTION - H texvikn emthoyn¢ yoveEwv

Stochastic uniform (default): € pla euBela ypoppn otnv omoia ta
XPWHOOWHOTA KATAAAUPAVOUV CUYKEKPLUEVA UK OVILOTOLYXO TOU
score Toug, o aAyoplOpuoc Kiveital pe otaBepo Brpa mMAvVW oTn YPOUUA
Kol ETUAEYEL KAOE popa TO XPWHOOWLO TIOU OVTLOTOLXEL OTO CNUELO
TIOU €XEL OTOLOTAOEL.

Remainder: KaBe xpwuoowpa ETIAEYETAL YL VOL OVTLYPADEL TOOEC
bOpPEC 00O ElvalL TO AKEPALO LEPOC TOU Score Tou. Emelta,
Xxpnolpormoleitat n texvikn Roulette Selection mou kavel xpnon tou
dekadLkoU LEPOUC TOU score.

T.X. Yo XpPWHOoWA He score 2.3: aviypadetol 2 popeC otn
detapevn (evyapwpatoc Kol enetta epappoletol n Roulette Selection,
OTIOU TWPO TO OUYKEKPLUEVO XpWHOoWHA €XeL score 0.3



REPRODUCTION

Mpocdlopilel Tov aplOUO TWV XPWHUOCWHATWY TIOU LETAdEPOVTOLL
avemnada oTNV EMOLEVN VEVLA

AplOUOC IOV AVTLOTOLYXEL 0TO TTOCOOTO TWV armoyovwy (children)
nov Ba mpoeABouv amo dtaoctaupwaon. Ta VTTOAOLTTOL TIPOEPYOVTOL
arno petaAlaén (mutation). Eav B€ow crossover fraction=1 dev Exw
kKaBoAou petallaén. Eav B€ow crossover fraction=0 yivetou
HLETAAAQEN o€ OAOL TO XPWUOOWLOTAL.



MUTATION

Mutation function:

. ApxLKa eTIAEYOVTOL Ta YovidLla mou Ba uTtootouV

netaAAaén. Kabe yovidlo exel mBavotnta emAoyn¢ lon Ye to
mutation Rate. 2tn cuvexeLa avTikaBlotavTal Ta EMAEYUEVOL

yovidLa amo evav Tuyoilo aplOpo mou e€ayetal opolopopda armno 1o
gVUPOC TLULWV TNC HeTaBANTAC (YovidLo).



MUTATION

Mutation function:

. MpocBeTeL pLa Tuyaia TR o€ KaBe yovidlo tou
XpwHoowHatoc. H tuyaia Tinn e€ayetal amo TNV KoVOVLKN
Katavopn kevtpaplopevn oto undev N(0,0).

Parameters:

Scale: n Tumkn amokAlon tng katavouncg (o) otnv 1" yevia

Shrink: opileL tTn petaBoAn (ocupplkvwaon) TNC TUTILKAG
QTTOKALONG KOBWC TIPOXWPAVE OL YEVLEC.
Av shrink=0 n Tumkn amokAlon mopALEVEL oTAOEPN
LLEXPL TOV TEPLATIONO TOU aAyopiBpou.
Av shrink=1 n Tumkn AOKALON LELWVETOL YPOLLULKAL
LEXPL TO uNdEV KaBwc o alyoplOuoc ptavel otnv
TeEAgUTOLA VEVLAL.



CROSSOVER

Single point

32752411

24748552

327521411

24415124

327148552
24752411
3217152124 |

24415411




CROSSOVER

Two point

ofif2fs[4]s]e]7 8] ofif2]af2]s]6]7 8]0

ssfofaf2]s]s|7]s]8 slefofsfafs[s]7]s|e

Scattered: dnulovpyel eva tuxaio binary dtavuopa. Kabe otolxeio tou
SLavUoMATOC QVTLOTOLKEL O €va yovidlo. Eav n Tiun tTou dtavUiopatog
o€ kamola B€on eival 1, eMAEyETOL TO avTioToLlyo yovidlo aro Tov
PWTO YOVEQ VW €av eival 0 amo tov devtepo.



STOPPING CRITERIA

O MEYLOTOC apLOpOC yevewv tou Ba SnLoupynoeLl o aAyopLOuoC

O LEYLOTOC XPOVOC 0€ SEVTEPOAETITA TTOU TPEXEL O AAYOPLOUOC TTPLV
OTOLLOTAOEL.

O aAyoplOpoc otapatasl OTav To KAAUTEPO score (Tl TG
ouvaptnong KAtaAAnAotTnTog) yivel LKPOTEPO N LOO e ToV aplOuo
ntov opilovpe oto Fitness limit. YievOuuLon: oKOmoOC Yo lval n
ehaylotonoinon tnc Fitness Function




STOPPING CRITERIA

Eav n petaBoAn otnv TIpHn tng ouvaptnong KataAAnAotntag yio
Stall generations yeviEg elval LLKPOTEPN ATTO Eva “KatwdAL”
(Function tolerance), o aAyoplBuoc otapaTaeL.

.. Stall generations=50 kot Function tolerance=10"% — Edv n
HETABOAN OTNV TLUN TNG ocuvaApTtNonG KataAAnAotntac yia 50 YeVLIEC
elval pkpotepn amd 107°, o alyoplOpoc otapatdet.

XpoVLIKO dtaotnua (o devutepoAemnta) oTo omolo eav SV UTIAPXEL
BeAtiwon otnV TN TNG ouvaptnong KataAAnAotntog, o
aAYOpLOUOC OTOMATAEL.



PLOTS

[padnua HE TNV KAAUTEPN KOL TN KECN TLUN TNEC CUVAPTNONG
KataAAnAotntag og KAbe yevia

[padnuUa LLE TLC TLUEC KAOE peTaBANTAC TOU XPWLLOCWUATOC TIOU
Slvel To KaAUTEPO score o€ KABEe yevia

[padNUA LLE TLC TLUEC TWV XPWHOCWHATWY O€ KABE yevia

[pAdNUa UE TN LECN ATTOCTAON TWV XPWHUOOWHATWY O€ KAOE yevid

[padnua LLE TNV KAAUTEPN, TN XELPOTEPN KOL TN MECH TLUA TNG
ouvaptnong KataAAnAotntac os KAabe yevia



DISPLAY TO COMMAND WINDOW

MAnpodopia mov epdaviletor oto Command Window 0po tpEXeL 0 alyoplOpog

Aev epudaviletal Timota

Eudavidovtal otoxeio (0nmwc aplOUoc yevidc, KaAutepn/HEon TIUA
ouvaptnong kataAAnAotntog) yia kabe emavainyn tou
aAyopiBuou

Eudavidovrol otoxeia yio kaBe enavainyn tov alyopiBuou Kkat,
ETUITAEOV, VLA TLC TILPOALETPOUC TIOU EXOUE ETILAEEEL va Elvall
dladopetikec aro Tic default

Epudaviletal Lovo To KpLTHPLO TEPUATLOMOU TIOU LKOWVOTIOLNONKE



) Optimization Tool

Eile Help

Problem Setup and Results

Options

Quick Reference

Solver: iga - Genetic Algorithm

Problem

Fitness function:

MNumber of varniables:

Constraints:

Linear inequalities: A
Linear equalities: Aeqg:
Bounds: Lower:
Monlinear constraint function:

Integer variable indices:

Run solver and view results

Use random states from previcus run
—
Start Pauze Stop
—
Current iteration:

Clear Results

N 4

Final point:

=l Population
Population type: | Double vector
Population size: (®) Use default: 30 for five or fewer variables, otherwise 200
() Specify:

Creation function: | Constraint dependent

Initial population: (®) Use default: []
O Specify:

Initial scores: (@) Use default: []

() Specify:
(®) Use default: [-10;10]

Initial range:

O Specify:

=l Fitness scaling

Scaling function: | Rank

[=] Selection

Selection function: | Stochastic uniform

[=1 Reproduction
Elite count: (®) Use default: 0.05*PopulationSize
O Specify:
Crossover fraction: (@) Use default: 0.8
) Specify:
El Mutation

Mutation function: | Constraint dependent

Genetic Algorithm Solver
This tool corresponds to the ga function.

Click to expand the section below
corresponding to your task.

Problem Setup and Results
Problem

Constraints
Run solver and view results
Options

Specify options for the Genetic Algorithm
solver.

Population

Fitness scaling
Selection
Reproduction
Mutation

Crossover

Migration

Constraint parameters
Hybrid function
Stopping criteria

Plot Functions

OQutput function
Display to command window

User function evaluation

More Information
User Guide

Function equivalent




Run solver and view results

[ ] Use random states from previous run

Start Pause Stop

Current iteration: &5 Clear Results

Optimization running.

Objective function value: -6.551133331977056

Optimization terminated: average change in the fitness value less than
options.FunctionTolerance,

Final point:

H twun tng cuvaptnong
KaTaAANAOTNTAC YLA TO
XPWHOOWHA-AUON

To KPLTNPLO TEPLLATIOUOU
IOV LKavoToLnOnke

To xpwupoowpa-Avon



Export to Workspace EQ Export To Workspace - X
|:| Export problem and options to @ MATLAB structure named: | optimprob
D Include information needed to resume this run

File » Export to Workspace...

|:| Export options as a variable named: options

[ ] Export results to a MATLAB structure named: optimresults

Cancel

Moalc emutpenel va e€ayoupe oto Workspace:

d OAOKANpO to IPOLANLAL KOLL TLC TIAPAUETPOUC TIOU EXOULLE XPNOLUOTIOLNOEL (Tat
amoBnkevel o petaAntn Le ovopua “optimprob”, ektoc av oplooupe AANo Ovopa)
Erntéyovtac to “Include information to resume this run”, cupmep\apBavel ko omola
TtAnpodopia xpelaletal ylo va Eavatpeeel o akyopLlOpog

1 Movo Tig mapapETpouc, Tou Tig amoBnkeVEeL o petaBAntni He ovopa “options”, ektoc
av opiooupe aAAo ovopua

O To anoteAéopata tou “tpeéipatoc” Tou alyopiBuou, .. XpwHOoowpa-AUonN (ta
amoBnkevel o petaAntn pe ovoua “optimresults”, ektoc av opiooupe aAAo ovoua)



Save workspace variable Workspace ®

Ag&l kKAik — Save as...

Open Selection Ctrl+D

Save As...

Copy Ctrl+C

Duplicate
Delete

Rename

Edit Value

Plot Cataleg...




Global Optimization Toolbox

DOCUMENTATION

Optimization App Guide:
www.mathworks.com/help/optim/ug/graphical-optimization-tool.html

Genetic Algorithm Options:
www.mathworks.com/help/gads/genetic-algorithm-options.html

Options and Outputs:
www.mathworks.com/help/gads/options-and-outputs.html

ga () function:
www.mathworks.com/help/gads/ga.html
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Texvikn ermthoync: Roulette
Moocooto Avarmapaywyng: 85%

[pAdnpa: KaAUTeEPN/UEDN TLUN
ouvaptnong KATAAANAOTNTOC




[Tapaoderypa 2: 8-Queens Problem

yovidia: akepatotl oto [1,8]

Nopapetpotl:

Méyeboc mAnBuopou: 100

Anuloupyia apxtkot mAnBuopoU:
Tuyaia (Kovovikn Katovoun)

Moocooto Avarmapaywyng: 80%
Stall generations: default, 100

[padnua: kKaAUtepn/UEDN TLUN
ouvaptnong KataAAnAotntag

Xpwpoowpa: [ 8 4 1 3 6 2 7 5]



[Tapaoerypa 3 Napductpot:

Floy) = (2 +y—11)2% + (x + y2 — 7)2 MéeyeBocg mAnBuopou: 200
Anuoupyia apxtkol AnBuopou:
Tuxaia (Kovovikn Kotovoun)

5<x <5 , -5<y <5

Texvikn emthoync: Tournament
Moocooto Avarmapaywync: 90%
Stall generations: 200

[padnpa: KaAUTEPN/UEDN TLUN
ouvapTNONC KATAAANAOTNTOC

Tormkd EAayiota:
(+3.000000,+2.0000000)

(—2.805118,+3.283186)

(—3.779310, +3.283186)
(+3.584458, —1.848126)




