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Abstract

In this MSc thesisve study thekey elements that determine the composition of a portfolio
and highlightheadvantagesf diversification. Employing analytical methods and models that
offer closedform solutions wedetermine the optimal composition of an investment portfolio,
either ly minimizing a specific portfolio risk or by maximizing its expecteitity . Inamodern
approactof the problem, Shagindicators combine bothf these approached/e alsqresent
someclassical optimization methods suchgasdraticorogramming, and wextensively ana-
lyze a new class ofmetaheuristi@lgorithms, which can deliver very good solutionsreia-
tively fastcomputational timegffering excellent performance.

In the first section we discuss in detail the ngbularmodels of contemporaryoptfolio
theory such as the Markowitz Model, the Black Model and the Tobin MOdeteview stems
from the perspective of constrained optimizatiangwith the assistance of methods such as
Lagrange multipliers and the KaruBluhn-Tucker conditionswe are able to deriveclosed
form solutions for thedetermination of the optimal composition of a finangiaitfolio. How-
ever, in cases where either the number or the type of constraints makes it impossible to find an
analytical solutionye present in thaext section appropriateumerical methods for approxi-
mating the optimal solution.

In the second sectiome review the mechanisms of w&thownoptimization algorithmsas
well as some recently proposegtaheuristic algorithms and maeecifically, Particle Swarm
Optimization, Ant Colony Optimization and Random Search (Simulated annealing, Tabu
search).

In the third sectiorwhich consists of the main subject of our thesis, we present in detail an
importantclassof metaheuristic alga@hms, theso-calledGenetic AlgorithmsBy employing
the R programming language environment, their mechanismgeaafatmance with respect to
their parameterarenumerically studiedthrough specifiexamplesby presentingllustrating
tables and graphs

Finally, in the fourth section, the genetic algorithms are appliedspeeificcase studye-
lated tothe determination of theptimal composition of an investment portfobased on his-
torical values ofeturns on various investment securities.
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71 lis»sUd

### Function for optimal portfolio with Lagrangian multipliers HtH
Lagr <- function (e, r, V, R{

a<-t (e)%*%solve (V)%*%
b<-t (r)%*%solve (V)%*%
c<-t(r)%*¥%solve (V)%*%
L1<-(c-(b*R)/(( a*c)-b"2)
L1<-as. numeric (L1)
L2<-(( a*R -b)/(( a*c)-b"2)
L2<- as. numeric (L2)
X<-L1*solve (V)%*% + L2*solve (V)%*%
X<-c(round (X 3))
Sp <- round (as. numeric (( a*R*2) - (2*b*R)+¢)/ as. numeric (a*c-b"2), 3)
cat ("Weights =" ,X")" ,"\n")
cat (" Portfolio Variance =(" ,Sp,"" ,"\n")
}
### Function inputs & execution ###
e<- matrix (c(1,1,1), 3)
r< - matrix (c(0.018, 0.025,0.01), 3)
V <- matrix (c(1.68,0.34,0.38,0.34,3.09,-159,0.38,-1.59,1.54), 3)
R <- 0.018
Lagr (e,r,V,R)
### Output #Hitt
Weights = (0.046 0.509 0.445)
Portfolio Variance =(0.42)
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HitHHHHE BINARY Initialization Function #####
population < - function(N,I) {

population < - data.frame (matrix (ncol= 1, nrow= N))
namegqpopulation)< - NULL
for(i in 1:0)

namegpopulation)[i]< - paste ("Gene",i, sep="")

}

for (i in 1:N){
for (jin 1) {

population[i,j]< - round (runif (1,0, 1))
}
}
return (population)
}
###H###  Input Population parameters & Function Ex ecution HHHHHH
N <-

| <- Problem. nVar
population (N, I)

o

Ko Us gy UdaddQae [kahgU devititle G tie UUG d

HHH libjective function to be optimized HHHH
obj < - function(x) {
y<- rep(0, 0)
for (i in 1: 0){

ylil< - f
}
return  (y)

}

#i#H#H#  Fitness Function ####H#
fit< - function(x) {
x$fitness_values < - obj (x)
return (x)

}
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oyYld 1
TAaUse YBWaUasd UdHB "Q, f 6 g ¢ Roulattewletligelection
method U’ 5 oselecicd) e 6 veigoteselblgu U Uess “~addgl

HHHHHE Roulette Wheel SELECTION T
RW_selection < - function(x) {
x <- fit (population)
#0dz2IG 03 AE 3 4 OrgloezdE® 301 o & e HUE nEANOBM AR 3 &7 E HUB EBE e 201 Gn 3
# 232 Ap A4 oDn AEAB®A] GEnA®D@®n3 pasdnAEAIAGEN ADR &F EHEGa
if( any(x$fitness_values < 0){
a<- 1
b <- min(x$fitness_values)
b <- abs(b)
scaled_fitness_values < - a*x$fitness_values + b+ 1
x$normalize_fitness_values < - scaled_fithess_values / sunqscaled_fitness_values)
telse{
x$normalize_fithess_values < - x$fitness_values / sun(x$fitness_values)

}
# aAod o DA BN A& s E O/AN 5 &#T) Hevkedsing ordered
x$normalize_fitness_values< - round (x$normalize_fitness_values, 4)
x < - X[ order (-x$normalize_fitness_values),]
row.names(x) < - 1L:N
# U% E 3 A AEGbB&Roulette Wheel AOASA 646D ALESR
# El @paodnAERAGES Ad bees E (ciuineadecreasing 3 ATE 61 Aa 6B 60
csum <- rep (0, | ength (x$fitness_values))

for (i in 1: length (x$fitness_values)){
csumfi] < - sun(x$normalize_fitness_valuesi: N))
}

csum <- round (csum, 3)
x$csum <- csum
# 0An A& dDEweQ3he DAa Oebdbdisd 30980 pD@WEL) 3 AEH@ASnT AA 3 E RBEs £D
#AskEHEN AHEZpascn AEAAIDAY EREFA | al A6 AUA3ZES A
i< 1
Parent 1 <- x[N] # dzHUA U ®eole3Marent 1 E gl Gh at BEGaAlo&LT AR3EA 6 ERD & A£G
# EgAT p&aAa s ARTuGH <1 Gnart E Ga aaue
repeat {
i =i+l
if (runif (1,0,1)> x$csunfi]}
Parent 1 <- x[i-1]
break
}
I .
#O0ANa dDEIEQ]
j<-1
Parent2 < - Xx[N,]
repeat {
j= j+1
if (( runif (1,0,1)> x$csum[D& (G -1)'= ( - # E6& DN =Dz £G0Oa
Parent2 < - x[j -1)]
break
}
}
Parents < - rbind (Parentl, Parent2)
return (Parents) }

71



fpos UG UUg j(erossove))lUb o063 atisY Urs c6) veaglrvyevYUvxs,
syys U eofhsys U Uy fh @ GdUscUGUsafh MOYUd oY

™ P8
#H# BINARY Single Point CROSSOVERH#HHH!

Crossover < - function(pc) {
Gene_no <- |
Parents < - RW_selection (fit (population))
Parentl < - Parents[ 1, 1:l]
Parent2 < - Parents[ 2, 1:l]

#03poanhBiAg ki Edaoom Askal AsAl A ET&
UB <- length (Parentl) 21 # D3 3AgE&DD EHA AGaOd &rdsd hha &3
=maxlength

LB <- 1

#ORaAGREER] 3 deLECODMeE g aizn 31 1 a &R & &n dz01
Cross_P <- round ((UB- LB)* runif (1,0,1)+ LB)

# OHUAEN 6 & a BD gzils R
Part 1 <- Parent 1] 1: Cross_P]
Part 2 <- Parent 2[( Cross_P+1): Gene no]
Child 1 <- cbhind (Part 1, Part 2)

np3eer thUS@\E3 Rapc)AHB@EFUwA@@@ DzAaanﬂBeEyEre 1
3SAEH®@ AsnTt A3 RRD 6a OGGCREMNEAT £ADEHEMAIGA 1
méenli a

if (runif (1,0,1)<= pc){

Child 1 <- Child 1

}else {
Child 1 <- Parent 1
}
# OHUEN 6 & a BD gz R
Part 1 <- Parent 1[( Cross_P+1): Gene no]
Part 2 <- Parent 2[ 1: Cross_P]
Child 2 <- chind (Part 2, Part 1)

# o 3 Gaa p A1)
# EGA 3 h dzOUs
D

#onp3 el HAB AE I RIfcABA £ 6A 3 n @20
if ( runif (1,0,1)<= pc){
Child2 < - Child2

Yelse{
Child2 < - Parent2

}
Children < - rbind (Child1, Child2)
Children

return (Children)

}
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#####  BINARYMUTATION  #####

Mutation < - function(pc,pm) {
children <
childl <
child2 <

- Crossover (pc)
- children[ 1]
- children[ 2]

for (k in )
if( runif (1,0,1)< pm){
child1[,k] <
}
}

for (nin 1
if( runif (1,0,1)< pm){
child2[,n] <
}
}

mutate_child1<
mutate_child2<
mutate_children <

return

- childl
- child2

o

332 U3 UUsahfhd

yUOUs GUe3 Uaod
Useyd, UgUf @
Usg ~addguieai
Ushd

edeUsslefhd eUU
Usee Usg 926351
UgeUaU GgsUce

"U) epditld Uds

Us g
o Ube 3
(Elitism).

- 1-child1[K]

- 1- child2[,n]

- rbind (mutate_child1, mutate_child2)
(mutate_children)
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ovid O

f¢e aYdU )y rvyehirvreU)dvoiddo maligbuedvy d (

oW n Udessgy) oUalUUs yadUd UigdiUdssdy Usddgde f
UlGoalUY o6} Uesdlhyde WBHJd 6) 96dUUdeyseg GgsUcei d
we3o@mepf) iU oUs elbegg dbBra disd.

##H#H#  Input  Population  parameters Bt

Problem.nVar <- 1 tc aanpAra AGE3] AHEU&® Eg¢e Aas] 4o A3Esa
a - tc aanpAra «al A6Al A El &

| <- Problem.nVar tc aanpAr a Dz a&ndOl &

ub <- ¢ () tc Gel ABAGSI 04 3£3¢§0EHAHA

b <- c() e UTET ?tang AGansgloa 3&£3390EHAHA

#####  Real_Valued Initialization Function  #####
population < - function( 0,l,Ib,ub) {

a<- rep(0,0)

b<- rep(0,10)

for(i in 1: )
afij< - ((ub - Ib)* runif (1,0,1)+ Ib)
}
population < -data.frame (Gene = a, fithess_values = b)
return (population)

population < - population ({,l,Ib,ub)

avid 1
fps UG UUg j(arosseverfills oesalioayY U¥3s 6y recglhrevYUvrs
) ) sdedUsosae UsUGUUI jvdd (Arithmetic crosso

#i#### Real Valued Arithmetic  CROSSOVERHH###
Crossover <- function (pc){
Gene no <- |
Parents <- RWselection (fit (population ))
Parent 1 <- Parents [ 1, 1:1]
Parent 2 <- Parents [ 2, 1:1]
e ON3&eRAAIE3Z A3ndmue
child 1 <- rep(0, Gene no)
child 2 <- rep (0, Gene no)
# alpha O&®3a E&l 306a 3anpAra st W
c Age A3psaldgGn E¢ jiTasa EH
alpha <- runif (1,0,1)
Ha AT D ks azd p | 2w
CAAT DB 2P R 20 | 20
#O'Q P 0AZIW O C O

3AYP EH® 6/A6nT A6AEH A3
ipG AGE3) &HEDdA 57T g2034atb

>
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# OHUEN 6 & a BD gzils R

child 1<- (alpha * Parent1[1])+ (( 1- alpha)* Parent 2[1])
# OHUEN ¢ & a RO Yz R

child 2<- (( 1- alpha)* Parent1[1])+ (alpha * Parent 2[1])

&

anp3aerdzEI3JE\§3Ra|dc5AH-U€GsEl-Uae 6 A6
tt 3AY EH& oA&6nt £A6AaEH Azsn A3p
Dz &nt a Wi
if ( runif (1,0,1)<= pc){

childl < - child1l

lelse{

childl < - Parentl

}

ttc enNpP3e&fr EHEY dm3AE3IRAI
if ( runif (1,0,1)<= pc){
child2 < - child2
telse{
child2 < - Parent2

03 AeDAalbOxGE3N Oa#3a Eel 3C
6a0gGE3Nn 3& AEH& GAY AGxH

AHa sPAt Da3 Eg A3ndzd =&

}

children < - rbind (child1, child2)
children

return (children)

}

fias0UUs gruuthtive)aldllrdoaY s U oa63atsU
sdUshUqUUJd

Co
(@
@
@
e
Co

#HHH##H  Real_Valued MUTATION #HHH#
Mutation < - function(l,pc,pm,lb,ub) {
children < - Crossover (pc)
childl < - children[ 1]
child2 < - children[ 2]

tt 933l DGE3nt A3
g EoNT EESE HHIHE A3
AarY EGagsga Egeé 35D

age 3&JGAEAEH

n AeDAaOxGE3N
poganAAOeHl Anp
tE

| 1 ETEG 3&®ENAS

tt Thn3 Eo ®al A Al £3 s93ndz0 W4
if( runif (1,0,1)< pm){

childl< - ((ub[ 1]- Ib[ 1))* runif (1,0,1)+ Ib[ 1])
}

tt Tn3 Eg &al A Al £3 s503ndz0 74
if( runif (1,0,1)< pm){
child2 < - ((ub[ 1]- Ib[ 1) * runif (1,0,1)+ Ib[ 1))

}

mutate_childl< - childl

mutate_child2< - child2

mutate_children < - rbind (mutate_child1, mutate_child2)
return  (mutate_children)
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fpdesegg) oU0UaUUs newmpgsnUsiwedagd chideg ¢ U Uss Uy
8 5 o Us Setedtipno @rddgpveii Mutationn aUe bY3elgéeey g URPaag
eyoUded Usg Ujcoeaesi ~aoaddgleai

#H###  New Population after Selection , Crossover , Mutation — ###H###
# 0xeOpsa oAdHpeAAdr a AaOAGHn &3 GOx3n AG AODLGposa Odmsa AG
new pop <- function (pc, pm {
df <- rep(0,l)

e T n3 3I&8EY GA3 2NA3 Asiakme £G
for (i in seq(from=1, to =0, by=2)){
df[i:(i+1)] <- Mutation (I, pc, pmlb, ub)

}
mut_pop <-data . frame ( Gene=df)
return (mut_pop)

}

MU oaYdU 3ya addglefh hH ¥vd UgURd Udesasgy S
Gy vyeaglUtelUUU U0 Uds,UchaPpolpdsUadealigddUssc
Ua 3 ;jedocgielse "~ addgice eh, 0 UElite Ratis(EnU® UG eg o U
8 UUeasoahdUd @ doligs pofjuiftion } ¥U0y¥Us osUeayd oi GUsd
6¥383U0UU3 GUds "6y UaU.

##### New Population & Elitism HHHHHH
new population <- function (pc, pm Er){

# ToEr GO&3nEllEsn Rato E¢ 6A60s AsAd&d3AA3AnT gGE3INn AG Ese AL
tc DAV 3 &3 dzo RiEG CArdombspmespP 3 dzm 3 EHA O Ase A£G AEH®& #£03%3 DGe&ni
Elite _no <- round(Er*N)
x <- fit (population )

te A3 QOne&?l AHUAHU Eg& Aa 6 HID#® R A£G ®BitbesA Aveljes MG E pjOsbd® ABT &

A Gn Désts~worst )
elites <- data.frame (matrix (ncol = 2, nrow = Elite _no))
X <- x[order (-x$fitness _values ),]

e A3n 3A6pOARGBE ANo=HIEee* N AAUET & A3n nAl &ageEOal & 1 al AsA
elites [1:Elite _no,]< - x[1:Elite _no,]

e A3 QOne&r AHIAH Egé @£ OAGHE R Hitngse AvdlueR G 3RO6e A3 AGhnail
(worst ~best )
new pop <- new pop(pc, pm
new pop <- fit (new_pop)
new pop <- new pop| order (new pop$fitness _values ),]
tt A3n 3e&EnA3EEREINOR(ETN AaUET & A3n 3ApG&ROAEGal & 1 al 4
AG Ege Age Ol s A£G 3AspHAGRAGNH
new pop[ 1: Elite _no,] < - elites [1:Elte _no,]
return (new_pop)

}

population <- new population (pc, pm Er)
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gU; U " ¥3y UatiUeU U s2eyjyegd UU pbUGosayY GUYUS
"3} halUsUUs 295U Uds " Ujya U¥vld "e6g yeegeU ugU
UUs ) dqloee 698i3UUs 69 "~ J UoeUUsoayd Umeyd. U

o

GUe e6adqld cUj UslgalUsaesg GUds Uy UU; Ud saUs UUe
UoaYaUUUUJ tmBBEAIMBUWId e U oY UBpgUaUVUebobgei 0O08)p
elU €6838U0sY000UU0G oUs uslusyYaUUUUYg valddppaayd
Usg GU “~9a6 U/hayedy el aUdlbL GUbydeagtalld o) Ulde YU
UsoecgastlUsi 3 GUs 6t} e AUU3s (BygyYeBMeLEegdsdde
“"a2ey¥vd dq U auyUadd U¥s "~ Uy Uey Uy vys Usg.

341 YU} YuUsgzsbBeis YaiWliead Ue

ZUes 1 Us UgUR " UpYuUsoeU dU UGUyecaUUa s |
Udd Gg3¥Qoldota donéddmy pfipmd 8 ealU 533 wigllifp ¥e L
6a990f eyoofitle PUé s iEPtplmud® oo hy sdeasad dU Uy yaUs
aYUy egdeUsslesgid, UstL 6 oatlUsalUd Uesg " Ujyegliosy
Usg Ggooy) YeeUUs(.

A sa2coe besUlibpi w3 e dcUssliet 3 aUsUasgy o

z ¥y d ¢ W& g a:dRoutetfewheelselection
z ¥ d e e § 0 U Ui: Arithiheticfcrossover
fzydeued z UUnifaredutatod

342 KoUyoaBiudodlsUUgaeih) s@@ABgesctiayYaUUU(
e 0U0UUbadUed

ZUdlgsydWasWUoadbih ilbassrlyl calU U UsYodyasikhdieg; Uao s
Usdlyy@de Us UssgPUsg wgted Ua0dgdita Usg UUoagoasi o
U au0gid 8d)s huddespal c cBs ~ Uy Ye UUpadBosddgdadq UU
U o UG U Ui(crossévdrgrobability) , d ~ s d U3z f U(iitdiion probabitisye- U 3 d d

aUs Ue “"c0euUR uUsUUeydidd U U fhe (Blitkmo Us s Y
ratio).
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ZFUds ~431U0d "Uya Uxadd dU "~ Uy UeU0U036 6addlUa (

hUs ~ Uy YoUUUs y3npdU Uhg cWdiss ge eUg sofdss dmfi dJ 3 o W W o
Uysdefhd UaszUs €903 AUV ed Udd ~sdUshUqUUd usl
Us 3ye 64 WefarvrBBast d GUds UsUadlO0OUd "~ Uya Urvid
UsUsoy Ule Urys Uy UaUdyostUsat 3 Usg 26398H

FUUdUOggaft Yass UU
os d U 3 fp WBg#0aJU(Mutadion probability) 1, e
f9s e UR UsUUey) dqidd ¢t EltigRat®) G jmreve G ¥ve YUr¥3

iz ¥y o Uda df d g @Papslation size)d ¢

71 9080 p 8U Uconvergence):

MU 2 s WY @ gk’ U U o @ymbBer af generationd 0 & 0 "0Qp m T

U1 YeUU189 “68g €UUUbBYaa263UUs:

MBsdU3s hUdUUJ (Crassbletpidbapilitydrd d ) pdt

TiLilis»sUd

##### CONTROLLING PARAMETERS OF GA ALGORITHM #####
Problem.nVar< - 1

M<- 20

| < - Problem.nvar

MaxGen < 100

pc<- 0,05,1.0

pm<- 0.1

Er<- 005

ub <- ¢(10)

Ib< - c(-10)

CGenetic_Algorithm (M, |, MaxGen, pc, pm, Er, Ib, ub)

dasUs WU A BUUapydlwslid Usg oU0U30Useei Uaoh)sdesg,

— zyuad g¢g 90| dyaUs|zyld ¢g 90| dbyaUs
. "hooe| Usae i "heas Us ffw
i
0.0 5.744323 2.262612 | 6.565472 | 40.35335 | 17.96719 | 47.70497
0.5 6.116999 1.811473 | 6.560373 45.2802 10.65962 | 47.70562
1.0 6.168343 1.823538 | 6.560545 | 45.31326 10.6674 47.70562
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f(x)= (x2+x)cos(x) f(x)= (x2+x)cos(x) f(x)= (x2+x)cos(x)

Kooh 2 81 " h>eal m™ Tl nexTURCoain, hh e

] 3Uai JO0Wg c UUo g GertlBU,8 "28salt " ) UsaUsoayY GdeUasU
"UslisyY GUsd U fRelU30d o2Ussyd Uea¥Y ehsae UU Usl(
eegi Udd eUUYeaaU3dd e 6} Ua 30 bpUaUst 30UUs @
9 3UWys13, U3zt oaUs d Ug see U fheasld UaszUs ¢
ehd UVUaszUs "~ 96 UsUlleesy steyszaead aUdid ulUs g 3
oeUUYopay Gmd)3Yoe3UUs UU aUeai UUJ U U cUay el
s506)36 aU aUs 6 UUasoeahd "~ addglehd GgooalUsUy 3
R p8t Ues 6 6aae “~jJ UsaUsay GdeUasUs GUsd U heUs
ay0e UUU UasUs Uszaleg oaUa¥Y, hevd WhwsUBU e Udi'yh
g suUyaUPyPayYUxd dU "3 UoegUUB @6oddawi sprii BeaU" oy
U s dsfg,giafecome U a¥YdU U sacoe Uddn,sdddUaif)Ud @8 d el
U 0 J 0d Usee Uxifs bGrde Ulbsiliid de jov G «
oUbe yie UUUj UowMSBofp Wadage dusPlts {Halvs ddwtd Uxs U

Ydj e slidedU tisUsai € Us 0 d@ UBgBUWeglbdede GeUlkya®iagds a Ud

Usohyededli yaUs €U0 UU “~ Uy Usa¥YUy uUUGeeysU, Us
UsUagUsayY GUes "~ Uy UdeU 81 GUe Uyoasd Usg UGgo
EUUdUggafYass UUs

fus d U 3 fp a0 0(Mdadion probability) 1 1
f9s e UR UosUUey) didd ¢t EltigyRat®) G jmBreve G ¥ve YUr¥3

iz ¥ o Uda df d g @®Pepalation size)d oTt
71 508U p &)U (conivergence):

MU 2 s WY @ gk’ AU U o @ymBber af generationd O & & "0Q & 1t
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a3z Uos WU A0 4w UU0ay e UUU U

Ud s

Oowlpamlégy feg o033 UU:

09U Uoviilddd dbdxmgldUlhd usUGUUI y vidd
— zyld|¢gg o8| zylUd|gg o8| MSE(e)

Usse | hooe| Us e "hHaes

-

0.00 6.558078 | 0.1229062| 47.30626 | 0.83885D | 0.01511199
0.10 6.558017 | 0.0818489| 47.53349 | 0.6976759| 0.00670561
0.20 6.553499 | 0.0782842| 47.54617 | 0.7384685| 0.00617799
0.40 6.5593® | 0.0526273| 47.63198 | 0.3862294| 0.00277095
0.60 6.553075 | 0.0489330| 47.64392 | 0.4008724| 0.00245015
0.80 6.5520® | 0.0437163| 47.65518 | 0.3064267| 0.00198352
0.81 6.553416 | 0.0434984| 47.65577 | 0.2677651| 0.00194284
0.83 6.554850 | 0.0390467| 47.66542 | 0.2567808| 0.00155701
0.85 6.555014 | 0.0367648| 47.66997 | 0.1962943| 0.00138217
0.86 6.557374 | 0.0304820| 47.68114 | 0.1648731| 0.00093917
0.87 6.5554D | 0.0330378| 47.67707 | 0.2185269| 0.00111781
0.88 6.55478® | 0.0358220| 47.67132 | 0.1741932| 0.00131638
0.95 6.556125 | 0.0364572| 47.67182 | 0.3246406| 0.00134861
1.00 6.555662 | 0.0390009| 47.66535 | 0.2451288| 0.00154485

5.0

log(MSE)
60

7.0

0.008 0014

0.002

Algypappa Siaomopag Tou log(MSE) Twv X cuvapTtriioel Tou pc

*

p_cross

Algypappa Siaomopag Tou MSE Twv HETUOKNHATIOUEVWIV X
CUVAPTACEI TOU pC Kal evdeia mavBpéunong

*

Aigypappa diactropdg Tou MSE Twv x
CUVAPTACTEI TOU PC Kal KAPTIUAN TrahivBpdunong

0

0.014

MSE
0.008

0.002

p_cross

KoofB By " h>>h _h 4 *h> -~ h o th 'h," K3 >tfogMBE” _ ' T

Ch‘MS_E_"'I h _"_"' "(FB‘T_{>h]¢3hh>‘>_b”h<'§if"h'<"/\,{">'“I ¢ ht
<' A B> h T Ltk T S wahnd

U} UU0dyeieU AUs Ucso BWha jG4ps{lid c Uy o Withexh Ud U U (

d 6 caU Uas3Us Us3Ufhd Udg pii¢sggd) ddaddieacddedira UU

¥d s5dU3s hUqUUAsme OO0 i Glr Gi'epldflol e e UUU Usg ey a6
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¥ oe UINBEGUa3 UUUs hH s e pBitI¥& Ude Us losvYliUdeU ¢U
g3UUyd U sesoyd ~osdékess Uedtrsos UK inadie Oedds kv
"3 Ua 3U G6U0Uas0U0Us d -~ 69 iy UbddUsdyliddd Wsl i dydxdd dedl
K3t U B byssslis VU Us0UUGcde UUsGie RIGUU cigl &6 sy AL
deosg) o1 3UUd y3U o3 Uecesoh e63Uyas 3 hbalUydd

Cc 35+ M Cc Co

FUds GUi U0y d " Ujya Urxld dU “~U;UeU0U;6 85ddUa
“Up Yo UOUUs y 3 UdniplogasU) assfd (U josedseahiigs e U ' f Uds 6¢ea.
UgUhd e Uysdehd UasUs e€90) UV ed UddasadighU
UsUsaUdatGUUUUs U eaU UgeUaU Usece U K Uss @

EUUdOggafdYaes UUs

9o d UG B U UU(Crossavergrobability) ;| 1.8
s e UfR uUosUUey) dqidd ¢t EltigyRat®) G jmreve G ¥ve YUy 3
iz ¥y o Uda dfd g @Pepeldtion size)d v Tt

71 9080 p 8U Uconvergence):

MU 2 s WY @ gk’ U U o @ymbBer of generationd 0 d 0 "0Qp m m
HU; YeUU; 689 “8g e€U0UUUbYaae3UU9:

s dUs f Ud U U dMutatibd) prababilty) djd  1im) TEHM P8t

71 lis»sU0d

#### CONTROLLING PARAMETERS OF GA ALGORITHM ######
Problem.nvar< - 1
M<- 50
| < - Problem.nVar
MaxGen < 100
pc<- 0.8
pm<- 0,0.1,1.0
Er<- 005
ub <- ¢(10)
Ib< - c(-10)
CGenetic_Algorithm (M, I, MaxGen, pc, pm, Er, Ib, ub)
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f(x) = (x* + x)cos(x) f(x) = (x> + x)cos(x) f(x) = (x* + x)cos(x)
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9o d UG B U U U (Qrossaveérgrobability) )
fge s 0 UR

EFUUdUOggaft Yaess UUs

T.86

GosUUey) didd ¢t EltigRat®) G jmBreve G ve YUr¥3

iz ¥y o Uda df d g @Papelation size)d

MU 2 s WY @ gk’ AUz U o @ymber af generationg O & & "0Q & 1

a3 UsB¥dU 0 cUUay e UUU U’ §

OTt

71 9080 p 8U Uconvergence):

Ud s

Oawpmbapny s g
"sdUshUqUU(d

09U Uoeviey Ud Useyd Udd
— zyld|¢g o29a| zyld|gg 98| MSE(e)

Usse | hHhooe| Ucfe | " hoas

| O

0.00 5.983495 | 2.568438 | 46.56433 | 3.2431D 6.929856
0.01 6.113335 | 2.316507 | 46.99357 | 2.495486 5.566194
0.02 6.245132 | 1.9314D 47.10207 | 2.271298 3.829863
0.03 6.356684 | 1.547881 | 47.348® 1.675191 2.437494
0.04 6.492735 | 0.835526 | 47.44737 | 1.216102 0.702702
0.05 6.516505 | 0.593267 | 47.52165 | 0.922275 0.353905
0.06 6.521102 | 0.606645 | 47.55976 | 0.860905 0.369573
0.07 6.550167 | 0.067310 | 47.58947 | 0.707715 0.004638
0.08 6.551306 | 0.050967 | 47.63718 | 0.357106 0.002682
0.09 6.554608 | 0.040966 | 47.66124 | 0.220216 0.001713
0.10 6.557374 | 0.0304820| 47.68114 | 0.1648731| 0.000939Y
0.11 6.555697 | 0.0382728| 47.66987 | 0.4721207| 0.00148825
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. . . Aigypappa diactropdg Tou MSE Twv x
Aiaypappa Siactropdg Tou log(MSE) Twv X ouvapmoel Tou pm GUVAPTROEI TOU pm Kall KaETTAn TTahivEpepnong
[ B e ]
. © -
= 7 -
) . 2
(2 % - -
< 2 -
& ¥ o ~
@ * + . -
T T T T T T e
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10
p_mute p_mute
Algypappa Siaomopdg Tou MSE Twv METUOXNHATICMEVLV X
CUVAPTHOEI TOU pm Kal euBeia TrahivBpopnong
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X
Koo fa3p) By 5h>>h h 4 h>=>"h 4 h mUL"J“?ﬁa“%L'bs*fq@g('MSEﬁﬁﬁ' )
_MSE ' hA_ 7 Tt CBE L SRR he T M < AL T T > @ h >
7>t >e ot Lt s>kt T swaAh s T >wAh D
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Usg Uaosjadesag. KA sldeUasUWBs ofp s AUgWHYG Us &l
Usg Uasoejyadesg, uUdeUle Uds Ggyjassylid Usg ol
aUs 6 ofiaddUUde ~vdaosdeUfHdbde pddUY Uds UosYy aUs
U saeoed, Udd usUaUUijvyaddd aUs Udd e€UUyaaUszd

EUUdUggafYass UUs

9o d UG B U UU(Crossavergrobability) ;| 1.8
9s d U 3thgUi(® o U(Muatagion probability) 1
iz vy o Ud®a dfd g @Pepeldtion size)d0 v Tt

71 9508 0Up 80U (ewrivergence):
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TLus»s Ud
#### CONTROLLING PARAMETERS OF GA ALGORITHM ###HH#H#

Problem.nVar< - 1
M<- 50

| < - Problem.nVar
MaxGen < 100

pc<- 0.8
pm<- 0.1
Er<- 0,05,1.0
ub <- c(10)
Ib< - c(-10)

CGenetic_Algorithm (M, I, MaxGen, pc, pm, Er, Ib, ub)

a3 UaWgU 30" ¢ UVeo ¢ mdlwa i d Uesg

503 0Us08i

Uso hyosadesg,

P> gyﬁq g9 90t d)”yaU ZzyUud|¢g oa| oy aUs
Usase| " hooe(liUd (Us{fe "hoas Usffe
[ ] l.
0.0 5.775028 | 3.252864 | 6.562159| 38.37311 | 29.46339 | 47.70555
05 6.56054 | 5527609 | 6.5605 | 47.70562 | 2.6855e15 | 47.70562
1.0 -0.5158613 5.868707 | 6.564874 -0.3648077| 33.43383 | 47.70512
() = («* +x)cos(x) (%) = (¢ +x)cos(x) f(x) = (x* +x)cos(x)
1‘0 ‘5 [I) fll 1I0 I 1‘0 ‘5 [I) fll 1IO 1I0 ‘5 CI) f‘) 1‘0
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9o d UG B U UU(Crossavérgrobability) f} 1186
9s d U sthgUM® o U(Muatgion probability) 1 1
iz ¥y o Uda df d g @Papslation size)d oT

71 9080 p 8 U Uconvergence):

MU 92 s WY @ gk HUgs U o f@uymber af generationd 0 & & "0Q & Tt

a3 Ua8¥d0 0 caUUay e UUU U Uds Ueutpmlépgyfeg o033 UU:

290 UlUsYley Ud Useyd Usg “ecleualU@i usUUeydidd s
> zyld|¢gg o8| zylUd|gg o8| MSE(e)
Usse | hooe| Usfe "hoeas
| B
0.00 6.550708 | 0.0455984| 47.64989 | 0.2868165| 0.00217587
0.05 6.557374 | 0.0304820| 47.68114 | 0.1648731| 0.00093917
0.10 6.555121 | 0.0303187| 47.68094 | 0.1321167| 0.00094858
0.20 6.557423 | 0.0340496| 47.67552 | 0.2086110| 0.00116908
0.50 6.556247 | 0.0342580| 47.67431 | 0.15089% | 0.00119203
0.80 6.555858 | 0.0412811| 47.660® | 0.2973181| 0.00172603
1.00 5.479386 | 3.576568 | 44.24901 | 4.607479 | 13.9607300
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Aidypappa diaomropdg Tou log(MSE) Twv X Aldypappa diaoropdg Tou MSE Twv X
guvaptioel Tou Er ouvapmoel Tou Er kai kaptruAn maAivdpéunong
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71 lis»sUd

#### CONTROLLING PARAMETERS OF GA ALGORITHM #####
Problem.nVar< - 2

M<- 50

| < - Problem.nVar

MaxGen < 100

pc<- 0,0.51.0

pm<- 0.1

Er<- 0.05

ub<- c(44)

Ib< - c(-4,-4)

CGenetic_Algorithm (M, |, MaxGen, pc, pm, Er, Ib, ub)

a3 Uoad¥d AV cUUo¢@d@lwpelid Usg oU3UUseci Uaohysdeasg,

- | YO0 g o] zyldgg o] dyal dyal zyldgg s dyal
Usse| U h{Usmse| U h{ GUJ GUd| Usevy U K41 GU(
9 950 Usae| Usae| e aasll Uscy
° ° I ° l °
0.0 0.85708| 0.65188| 2.49192| 0.20091| 1.046% | 2.4978 | 0.06013| 0.01667 | 0.06568
0.5 0.97440| 0.61537| 2.39605| 0.53340| 0.99767| 2.49914 | 0.06061| 0.01458| 0.06575

1.0 1.03472| 0.50590| 2.47395| 0.11741| 0.97232| 2.49370| 0.06144| 0.01377| 0.06573

Probability of Crossover =0 Probability of Crossover = 0.5 Probability of Crossover = 1.0
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gs d U 3 fp UBg#IadU(Muatadion probability) 1
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71 9080 p 8U Uconvergence):

MU 2 s WY @ gk’ AU U o @ymBer af generationd O & & "0Q& 1

Yas3 Usl0gU3U"

sUUayGeUO0U U f

Ud s

U epUmytieel iydd U g

203 01

29U UesvYiddgd dexfgUdUld usU0GUUI y vadd
— zylUd|¢gg o9 zyld|gg so zyid| ¢gg  say MSE
Uoase | hoaogd Usee | RHRoeag Useer ~hHaoo o he
. . TN O
0.00 1.005426 | 0.0461981] 2.504915 | 0.0489966| 0.0656491| 0.00015797| 0.00833536
0.10 0.9987564| 0.0267886| 2.5074® | 0.0368739| 0.0657116| 6.86569€05 | 0.00857615
0.20 1.000069 | 0.0415932| 2.507474 | 0.0370061| 0.0656858| 9.92774€05 | 0.00853147
0.40 0.9964449| 0.0244056| 2.495452 | 0.0256939| 0.0657290| 9.60064€05 | 0.00471381
0.60 0.9976997| 0.0174991| 2.494476 | 0.0206864| 0.0657426| 4.15124€05 | 0.00486477
0.80 0.9974609| 0.0118017| 2.4958® | 0.0169805| 0.0657500| 1.96141€05 | 0.00379453
0.82 0.9970519| 0.0104859| 2.496783 | 0.0131566| 0.0657527| 1.75099€05 | 0.00334768
0.84 0.9972913| 0.0111049| 2.497625 | 0.0140080| 0.0657520| 1.89742€05 | 0.00266367
0.85 0.9980269| 0.0119009| 2.4973® | 0.0115492| 0.0657525| 2.46507€05 | 0.00221851
0.86 0.9988304| 0.0111314| 2.498923 | 0.0118555| 0.0657532| 1.73625€05 | 0.00076927
0.87 0.9980021| 0.0137689| 2.4960® | 0.0175594| 0.0657482| 3.50002€05 | 0.00333253
0.88 0.9983114| 0.0172108| 2.495881 | 0.0183871| 0.0657442| 5.54298€05 | 0.00333277
0.% 0.996669 | 0.0162724| 2.497729 | 0.0148616| 0.0657470| 3.17126€05 | 0.00317604
1.00 0.9987591| 0.0098866| 2.4942D | 0.0214672| 0.0657479| 3.84624€05 | 0.00475999
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Aidypappa diaomopdg Tou log(MSE) Twv X1,x2 Aldypappa dlooopdc Tou MSE Twv X1,x2
OUVOPTIOEI TOU pC OUVOPTIOEI TOU pc Kal KapmmiAeg TahivBpopnong
I.I:;) o
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p_cross p_cross
Aoohd4lph 3.4 "h>>h _h 4 *h>=>"h 4 th | "“h ~ Ky > >w_ Y
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#i## CONTROLLING PARAMETERS OF GA ALGORITHM ####
Problem.nVar< - 2

M <- 50

| < - Problem.nVvar

MaxGen < 100

pc<- 0.8

pm<- 0,0. 1,1.0
Er<- 0.05
ub<- c(4,4)

Ib< - c(-4,-4)
CGenetic_Algorithm (M, |, MaxGen, pc, pm, Er, Ib, ub)
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0.0 1.02755| 0.00552| 2.40352| 0.01917| 1.00076| 2.49652| 0.06554 | 4.49e05 | 0.06575

01 0.98367| 0.40746| 2.49122| 0.22909| 0.99705| 2.49966| 0.06245| 0.01161| 0.065759

1.0 0.39871| 2.28008 | 0.02550| 2.41129| 1.01635| 2.43032| 0.01195| 0.01745| 0.06565

Probability of Mutation =0 Probability of Mutation = 0.1 Probability of Mutation = 1.0
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0.00 0.9620979| 0.1487852| 2.454838 | 0.1615451| 0.0647017| 0.00374610| 0.05790189

0.01 0.9646045| 0.2007799| 2.439838 | 0.3573296| 0.0651127| 0.00340632| 0.06869783

0.02 0.9773614| 0.1995501| 2.461484 | 0.3474452| 0.0653605 0.00331107| 0.04357312

0.03 0.9935312| 0.0282670| 2.4931D | 0.0261224| 0.0657215| 9.80983€05 | 0.00842478

0.04 0.9981846| 0.0236373| 2.493291 | 0.0244234| 0.0657312] 7.79429€05 | 0.00583836

0.05 0.9973739] 0.0211641 2.494304 | 0.0234923| 0.0657367| 7.14312€05 | 0.00515544

0.06 0.9960743| 0.0170582| 2.498439 | 0.0241946| 0.0657405| 5.45302€05 | 0.00356237

0.07 0.9979716| 0.0156018 2.497®0 | 0.0170187| 0.0657468| 3.64047€05 | 0.00211789

0.08 0.9980787| 0.0113828| 2.4965D | 0.0154645| 0.0657512] 2.51655€05 | 0.00287929

0.09 0.9977139| 0.0136505| 2.497363 | 0.0131890| 0.0657502| 3.15183€05 | 0.00246721

0.10 0.9988304| 0.0111314| 2.498923 | 0.0118555| 0.0657532] 1.73625€05 | 0.00076927

0.11 0.9983746| 0.0122204 2.497673 | 0.0169609| 0.0657498| 2.4308€05 | 0.00177242
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