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Performance Evaluation of MGA in the Solution of
Mathematical Optimization Problems

Lee, Hyun Jin

Department of Ocean FEngineering, 1he Graduate School
Lukyvong National University

ABSTRACT

A Metropolis genetic ‘algorithm (MGA) is a newly-developed hybrid
algorithm combining simple genetic algorithm (SGA) and simulated annealing
(SA). In the algorithm, favorable features of Metropolis criterion of SA are
incorporated in the reproduction operations of SGA. This way, MGA alleviates
the disadvantages of finding imprecise solution in SGA and time-consuming
computation in SA.

It has been successfully applied and the efficiency has been verified for the
practical structural design-optimization. However, applicability of MGA for the
wider range of problems should be rigorously proved through the solution of
mathematical optimization problems. Thus, performances of MGA for the
typical mathematical problems are investigated and compared with those of
conventional algorithms such as SGA, micro genetic algorithm (GA), and SA.
And, for better application of MGA, the effects of acceptance level and
cooling coefficient are also presented.

From numerical experience, it is again verified that MGA is more efficient
and robust than SA, SGA and pGA in the solution of mathematical optimizati
-on problems having various features. In addition, it is found that the best
choices of cooling coefficient and acceptance level are 0.99 and median of

fitness in population(4V, /), respectively.
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INITIALIZE :

- number of design variables
- substring length

- population size

- max generation, etc

{

| generation =1 |

!

| Generate initial population l
-
1

| Fitness evaluation |

generation
= max generation 2

generation =
generation + 1

Genetic operator

| Reproduction |

(]

| Crossover |
|

| Mutation |

Fig. 2.1 Flowchart of genetic algorithm.
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INITIALIZE :

- initial design variables(X™" = X;)

- initial temperature(T =T, )

- cooling coefficient(a)

- max iteration number of inner loop( M max )
- Boltzmann constant( Kg ), etc

|
r
M=1

~
GENERATE : X"
XNF.'W L XCur +AX

le\E] 1

Metropolis algorithm T=aT '
(Fig.2.3)

Stop criterion
for temperature

Fig. 2.2 Flowchart of simulated annealing.
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New
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Fig. 2.3 Flowchart of Metropolis algorithm.
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number of design variables,

substring length, population size(N),
max generation, temperature(T),
Boltzmann constant(ky ),

cooling coefficient(a), design data etc.
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| Simple mutation |
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Fig. 2.4 Flowchart of Metropolis genetic algorithm.
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SGAS] A QA7 AAgE Y. aEz 7] Ao fFAA4Rg Ad4S

g & gk

e ww) AR FA o] Axbabe] o] o] Metropolis @alE]FE& ARG
A HH, o] dugFL 7|9 GART HAHAE St Tk FrEY A
(N7 202 S7hekAl fth ole GAdlA AT % T Hrke AA
E Addstr] 98 AL o] oAt o] Folx e wul = FdWo] ALS
T 3t7] o] del Metropolis¥ile] & AbEFbw uwvjg el A4dd MAES
A7 stz fete] AgE FEE vhAl g W Hubsjor sy wiE etk whebA
o] Af AFoRE HlEsA ot

a9 dYE A o)A mE o]F o Metropolis 8] ES ALgsH Uur
29 GAS Aztrdd A Ak JYE HEe ol Aldiet AAW JHAE Y
Agres vuste] A7t 722 AAE v Adel |71+ wAYFol o
agEE g Ade AFEt e AAE Foste A2 ELAa% F8o] ).

w2} A, Metropolis &8l 52 AW AR} 23t Aol SGAY HH S
Z R F Jouz vpg a854Y Ao goE.

24.3 MGA® F8&71+

SAE e E L8 E=E Metropolis ZlEdA F&71F02 A
(o] AFe2 Abg . ot MGAE SASH 28 s Hus £43sm
2 Metropolis 7] & AL& ol QoA MZL +847]F0] Dozt

MGA<9] /Mg F47isoz o U MAEe Ad= Hito] AL A

Ll

JHe ZE AAE HE G aEE Ad el doides 2 4
TS 7HA = RAZE AL B, I g Jo] e W s o #4871
o e HEH= dE A HEo] FHolAH, I ghel o& HHE& e
NAES Aol vel A 7] Wl F871E3 74 MAE ATz A
= AARR F8gE] Fopdn. webs 2E7F u2 A SGASH frAbel A
T e F MGAS AHE B4 S wrSelA @ S gdu. ada Hd W)
Age] Af=s A9 AdEES ofFA @7 Wi Fds T8z A
4 Afol F8&71Fd g REHE AL veS dF67] st

webs] 2 Aol M w Al 4 HEe] AV REHES de F87]E
= Addn. BEHE= AYE RA W& 25%, 50%, 75%°9 Al 7tAE iy
SRt =, fAd A717F Nejgbd, 87150l o8 247 25%, 50%, 75% <] 71 A
o BREHES JAd WY AA & AFE=7F NARA, N23A, SN/AdA = 2
NAs F871sez 4400



244 MGA9Y E&#A

o224 AHA MGAS 542 v 2
(1) MGAOI A= 7] Aol ZFA

9] Metropolis 7]5=& SGAQ AALE ALkAF]
Z7] Aol = Metropolis &aLz]
T&gES Foldto] bW S sh
Mol 7 A rE 2o AR Ad Metropolis FilE]lES AP
e AMAE e FRIEES TR 98 A8 7|37t Stk 1
qrg Jde HAde] sHd w2 dE55 7|ud £ Uth

(2) MGAT Metropolis &i18]59 Atgox s =7 2 Mdsd 7]&Y
SGARY TRl e 4 AW AR el Ak 7k 2 A=
AYE HFoR HEHER oL AL X7l A S A Folle At F
2 JAIERE o]F ol MGAT FaHTh olujel= njwA tA Aol w2 47
< e Aol

(3) MGA%H SGA= & f =
g Aol A AlbsteE e Fe SGA® F
T QA HAAHAE el st gt Adslas T g
(4) SA¥E oY FHRHE VHAAL A4 gL FElEs v =
SGA9 #o] ofg] FHAES AL AREAS F e aejrr B2
of AekghrE Hgeta, AAWMSIE W HA g LAlolA = MGAS 5ol ¢
T Zog 7

0 JHI rlo
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3 5otd AR TAZ o] 8T MGAS 4597

HoAFo s MGAY ASH7EE % nudugFoz MGAY 7]Eo] 5
= SA9 SGA 283l GA F dg 2ol 9 nGAES Agdt}

3.1 HA3 A9 A4

Aol A3 FAE AdzAS WHsAA BHIFE J4AE e HE
HEE fils Aoz gz o] A9 & vt
Find x = (2,09 s, JER"

to minimize  f(x

subject to gj(X)a i=1top (3.1)

Hojst wAel AFe dnFelw, SAx HA
Has B A SudFelnz A@DH Lol AfTFE THIHE

=
pl f‘ﬂﬂﬁ} —rxﬂ«l g

Ag40% Agd 5 gk wda A8

o1 19
L e
=N
I
>
o{:oHu
Slr
Ol
;\93“
%E
L\I
]I._'_‘
ﬁ;zJ
0 O

A H A3 A= A Had ZAE A g o)
Tl A= Al —F¢Zi v 7o = WA O AL E = AR A o

e
b o
i
r&

% 23} 7] ¥ (Sequencial Unconstrained Minimization Techniques; SUMT)2] <&
] 2] 3= (exterior penalty function method)& e dt gt ol A FxA9 9
HiZE olow $ju] A Eo wE HAS HAFTo HieH sto e 899
BAR fFeste o AB2)E Ao

P (x)= f(X)+t/i[gi(x)+lgi(X)l]2 (3.2)

971N F(x)E BARE, 1 8 RS b(x)E WeH A%l
oF Aujst FAO ARSnE DA 4(32)
of Mok 423 BAR ABT F, 4339 A =

=
)
>
wn
o)
»
=
O
>
rlr
=
2

o

o
B

m
S—'('
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s A= A3

F(x)=K—1In[®(x)] (3.3)
o]714 F(x)e A% & Z(fitness function), K= Ak 23 EA= Ak
Hfs FAZ WMEatr)e] FRe] 2 Folvk, a2 HEH wAHSFE AHETo
2 9ls AHesto] F71ste] 7] FHEEAN] TAHE AL 4] Y& 2 &

A d & (log scaling)S AF&3F9 tF(Mitsuo and Cheng, 1997; %, 2000).
H oA = BE FA A K=15 t=100000= A}-&3F4

3.2 T A

32.1 A A9

A3 dugFe A5e Hrtelzl ke 9@l (exact solution)7F A Al F o
JdE Fatd HAs FAE FE3A Al d £ gloy, dA 2L dFoA o
U3 EALS AE F34 FHAHI] BAESo] etE A tH(Adem Kalinli and

Nurhan Karaboga, 2005, Easom, 1990; Michaelwicz and Schoenauer, 1996). 1
WAt @4 JAs 2ATE AGEAL AAE AF AR Gy
gebd B dgelait AR the 4% s Foa AAE FASS 44

stol MGA®] A os W7k
D &5 A3 A

k4= & A 3} (function optimization)®= 4 daglFo A HofolA 714 &
W GALE TR FA T stU R GATY 2Tl AER ofolrolEo] Yy
oS g G Al AEstol o a84e Thedke o] dwnbEold
(I, 2001). °I:= Hollstien(1971)] o] A& thFolgon Ag7A w2 A7
& T Y 5EA4E ze aAnta d5So] AAH shrk(Ackley, 1987
Adem Kalinli and Nurhan Karaboga, 2005, Easom, 1990).

2 A E 2 T AR e 54 HAE Y 5 HAAE =
St om, Agd FAELS Table 3.1 YeElNATE 28l Z2F 459 13
2= Fig. 3.1~35° Hepd e,

o]

TAES F5E HAistele MFES Fe HAY HaAs ZA ot

il



Table 3.1 Test functions

Notation Name Function
4
F1 Sphere f=1+ Zx?
i=1
232 2
F2 Rosenbrock fZlOO(xQ—xl) +(1—x1) +1
F3 Easom f=2 —cosxlcosxgexp(— (:cl —7r)2 (:c2 —7r)2)
F4 Ackley f:21+6_206—O.2\/O.5(1'?+:L'§) . 0.5(cos 27w, + cos 2, )
F5 Rastrigin® | f= 214z + 25— 10cos (27z; ) — 10cos (27x,)
1 2 1 2
7 g459 54¢ ol 2o
@ F1 — Sphere T+ WAHA, E5d(convexity) = WSSt =E, 194 4
2o) o] ol groleh Heha ol ABE Fa) AHs 2weEo) S
S, gA R B AN WSS B F ol

55

40

20

5.12

2.5

Fig. 3.1 Sphere function.
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® F2 — Rosenbroc
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Fig. 3.2 Rosenbrock function.

o)
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-25 0 X1

-50
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Fig. 3.3 Easom function.
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@ F4 — Ackley ¥4+ Fig. 349 & 7IA = tt= A€ g4 (multi-modal
test function)©]t}.

-30 -30

Fig. 3.4 Ackley function.

® F5 — Rastrigin &% Sphere &l 71 &5 cosT7F F71E
L FHA HAE AT 99 Ackley €5t Bl uw =R FHA
o927t w3 WA HAS O F2 554 FHAa9e] S35k g Apol vt
Foh wheba] SR FH AR wg Hgo]l & A0 o

Fig. 3.5 Rastrigin function.
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A H A= Table 3.200 AAI&AT

Table 3.2 Definition of design variables and solutions for test functions

Solution Design variables bound
Function
T ot f opt Lower Upper
F1 0, 0, 0, 0) 1 -5.12 5.12
F2 (1, 1) 1 -2 2
F3 (m, m) 1 =50 50
F4 (0, 0) 1 -30 30
F5 0, 0) 1 -5.12 5.12

2) A%k HH5 £A

d

AA FAAEAES Adxds sukgitt weba] B AFoA = Sk 57}
A g HA g LA B8] Michaelwics®t Schoenauerd] &3l AF# A <F
HAsle] MAvka A4S AFSSle] MGASY AS<S 3 7HeHt(Michaelwicz and
Schoenauer, 1996). &9 A= o7 £

.

Md

@ Problem 1 (P1) :

Min  f= 2]+ (x;—1)°
St gZxQ—x?ZO
—1<z,<1, 1=1,2

Solution = I (— — =0.75
opt f 2 ) opt
@ Problem 2 (P2) :

sin3(27mc1)sin (27rx2)
Min  f=1.095825—

xf(wﬁ-%)
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St g =x]—x,+1<0
gy = 1—x1+(x2—4)2 =0
0=z, =10, 1=1,2
Solution =, = (1.2279713,4.2453733), f,, =1

o] 7+ A +A 5AHL Table 3301] AA AT P12 sty &

AL 7HA = A olH, P2& F H«] T Z Zﬂ"—FiZja 7}X:
s

r-{n
"N
o

Table 3.3 Characteristics of test-problems

Problem Type of objective function Size of feasible region(%)
P1 Quadratic 0.000
P2 Non-linear 0.856

322 %27 9449

olr

F A o A ALEsF= SA, SGA, n1GA, MGA+= Y2 E 93t 7tse 3 F
A el HABTh 4 AW BAE 98 44 Wge 2% (resolution)

A4 o] 2 o] (string length)+= Table 3.4 t}EL AT}

e

~|
MR

Table 3.4 Definition of variables of mathematical optimization problems

Problem Resolution String length
F1 0.0001 20
F2 0.0001 18
F3 0.0001 22
F4 0.0001 22
F5 0.0001 20
P1 0.0001 18
p2 0.0001 20
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1) BA} E9(SA)

SAE o]&3t7] et 7 Al EAel digh 7] FevE = Table 3.59] YE}
olth agja BE Aol sty WA AEE Vet 2AES AFSSglaL, W
ZHAl e m 2R e 099, 1.0 AHE-3HAH.

SAE GAES} 271g BUsHl AT & flonz Ad Foye Akl
g e $Ee s WadER ARt ava sAd 27 AR 4
Ao AgH 92 AFgaalT. ok SAY 27 AAAE AR

2 A A Ao FAF] 9§ B AA7Ee] &
QETE AL Holy] oty AAW = o 4= Fl, F2, F4, F5, P2
° Ll

o] 7% 41,2509, F3, P1

Table 3.5 Design optimization parameters-for SA

D temlggjéure temlliier;?i}:ure Max.oi%eirr?rtli:rnlcr)légn v, DL el
F1 100 0.0001 30 (0.1,/0.1, 0, 0)
F2 100 0.0001 30 (1.0, 1.1)
F3 1000 0.000001 50 (3.0, 3.0
F4 100 0.0001 30 0.1, 0.1)
F5 100 0.0001 30 (1.1, 1.0)
P1 1000 0.000001 50 (0.7, 0.5)
p2 100 0.0001 30 (1.2, 4.0)

2) ALY F(GA)
F Aol Ao AFE-3l= SGA, n1GA, MGAQ] A AAA = Table 3.691 AAI5HA

ot SGASF nGAv 719 FAAAMAE AREeth 18]l MGAT Metropolis
dug Yy 298 AES x9ste AEs degdts S AlQlstas SGAQ
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Table 3.6 Genetic operators used for SGA, GA, and MGA

Genetic operator SGA nGA MGA
. Metropolis algorithm
Reproduction Roulette wheel Tournament
+ Roulette wheel
Crossover One-point One-point One-point
(Probability) (0.85) (1D (0.85)
Mutation Simple mutation B Simple mutation
(Probability) (0.01) (0.01)
Elitism Yes Yes Yes

Table 3.7 Parameters used for SGA and MGA

Parameter F1 F2 F3 F4 F5 P1 P2

Population size 20 20 20 20 20 60 20
Max. generation 200 200 500 200 500 1000 200

Table 3.8 Design optimization parameters for MGA

Input parameter F1 F2 F3 F4 F5 P1 P2
Initial temperature| 100 100 100 100 100 1000 100
Cooling coefficient| 0.95 0.99 0.95 0.95 0.99 0.99 0.99

2 A FEA ] RE SGASH MGAS »et A7), A Alti5E Table 3.70] 4
R QTE nGAS 4 A 277 52 mAHEE, SGA, MGAQ} s 54
shA k7] skl SGA, MGASH 377 wdetAd H=s HAg AdsE

ARG, a8 2 B4 i MGAS %7 %Eg} W 7+ ﬁ]At Table 3.8
of UElt MGAM A F471%L 7129 Ag U AASY A8 HitS
Abg sk,

_23_
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OpuEh

o

1 1,002 105
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Chjective value

(b) F2

_25_

dld I n)




Frequency(s:)

Frequency )

W hAGA
m3GA
OuGEa

-

1

10005 1001 1005 105 1.1 1.3 o
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100
a0 -
a0 -
70+
B0 |
50+
40
30+
200F
10 +

W MGA
| SEA
O G

Freguency %)

1 1+2E-7 1+5E-5 11,0005 1,01 1.1 15 225
Objective value

(e) Fb

Fig. 3.6 Distribution of obtained optima for test functions with 100 trials.

Table 3.9 Range of obtained optima for test functions with 100 trials

Range of optima
Function
MGA SGA nGA
F1 [1, 1.0005] [1, 1.0064] [1, 1.1278]
F2 [1, 1.0840] [1,°2.0000] [1, 1.1103]
F3 [1, 2.0000] [1, 2.0000] [1, 2.0000]
F4 [1, 1.0030] [1, 3.5869] [1, 1.6637]
F5 [1, 1.0000] [1, 2.2358] [1, 1.0050]

@ F2 (Rosenbrock function)

F2 94 MGAe°l oa] fojx HA4gdagte] Fo] 7k 2o, Fig. 3.6(b)dl A
MGA7} A2 Hasze] syl 7 =k [1, 1.005]¢] 5242 H ol A
SGA®F uGAT® 77t 32%, 41%°] HIEE Hl ¥ MGAE 4 w& 82%9

HEE 579

_27_



@ F3 (Easom function)

Easom &4+ Fig. 33904 & § X0l A94d HAa & A9e 2& o
oo ZAgggho]l 22 FdstH, 93 HAh F2e AA sfFitel nlE) ofF
A2 WAS ZHR Y webA GAES FAY el ddF Ha P Ho] gy
A @4 gEo Fow, 1 A A9 W EE NAEY AFETt sds] W
ol A4 A2 &M oS zHA dArt

F39] A3} Table 3.9914 MGA, SGA, nGAdl 93 E4g4go HA= [1
212 B% w4

stk 28y MGA+ SGA9 29%, uGA<9 15%e°l wls] 22 o
2%%ro]l 29 kol F#H3ATE. MGAZF & GAERTE o] Hl&o] #L of+
Metropolis 71& ¢ A& w#d Aoz Addc Jd o] EXeg43Fe] 29
ol At 2w Aol7t e AGF HA FEdEo] 28E 45, SGA
A 202 A"gE s Z AA dFE dFsA Hed ad A=Y
% o)

o3
i
dole & aolE ANA @A) WE AGH Hx FRAse A9HA

v o
T Ao 2 Y MGAY A L &2 Metropolis 7] F2] &7 98 T2
A wuFdel AFHA D v MGAE Aoz 28530 29
oA "ojd FFEo] =rpa TS 9l

| F2ollA MGAE 97%¢] WEE
g g = MGAZ #ed A4

o
2,
3
o)
w
&
S
e
(o)
D
=
&
S
s
(o)
[@))
X
Lo

@ F4 (Ackley function)
F4= B2 594 A&E 7HHe b5 A8 F524.8GA 4% 243 =

A% & [1, 358691 Al A H AR wd 4ds S 4 F Ao 1Y
U MGAv @z 5484 Fol (1, 1.0030] o= 74 2o 53], [1, 1.0005]
of HAFF WA SGAS 31%, uGA® 18%e°l Hla] A W2 84%9 W=
E Bt 5 MGAT WH&E A94 Hid 83T & 5 A, 9474 =7
A Haz wd = 9des SGAY @S & nddta eS¢ U

® F5 (Rastrigin function)

F5& F4¢t wh37bAl 2 SGAS 7% vba 3ol o) [1, 223587 919 54
Fghel FEsIdY. & R4 a2 wd 998 HES & v a2y
MGA9 4% 100% A94 Hxr=2 4 539, [1, 1+2E-7]9 EA4 &+ H
Aol A MGATE 100%9] RIEE H3 dhdd SGAY 79%, uGAE 70%¢] HEE
Btk F59 ZAioAl oA A2 FET F dv SGAY

e 4 R9T 9SS BAY 5 Uk

U o

=
)
o=
[
H!
4z
2
B
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2) d4 28

MGA, SGA, nGA< 7%
BT ol g et Getd
9ete], WHE st A2 A
e E Fig. 3.7 detuddch 22l Adid 51853 H S Table 3.
10~3.14°] e ATt

NGAS ¢ 22 Foe] o8 w7 witel] AEE SGA, MGART =
A5 g BolFA X, a8y SGA, MGASH 437157 FdaiAs Al

] AAste] UEbdl Fig 3604 EE 4% MGAR T ®o]x A vk SGA

i BABEE BEe AWl 2 o

@ F1 (Sphere function)
F19 A% Fig. 37(a)°lA MGA+= %7] 104t} FoF SGART =¥ +HS
st oty 1 o] %o At A= Table 3.1001 A #ld 4 9l%o] o wE +1
A th o] Metropolis &argl &9 Algd <& x7] ¥ Aho A SGART}

o
=
FHol =¥ 4 dE MGAS 5AS wgshh,

16

3 MGA
1o b SGA
R, W S I o uGA
12 o
q) 1
= \
©
>
(0]
=
1)
2
O
O
0 . . . .
0 20 40 60 80 100
Generation
(a) F1
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Objective values

Objective value

61
. MGA
: SGA
STy uGA
AL
3
2
1 F
0 " 1 ,
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Generation
(b) F2

08 1 1 1 1
0 100 200 300 400 500
Generation
(c) F3
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16 I, MGA

: SGA

14 D E uGA
[0}
=
©
>
(0]
=
1s)
o
a
@]

0 1 1 1
0 50 100 150 200
Generation
(d) F4
12

MGA

SGA

01 N R B | - UGA

Objective value
[e)]

2 -
0 \ \ \ \
0 100 200 300 400 500
Generation
(e) Fb

Fig. 3.7 Design history for the averaged best objective values of 100 trials.
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Table 3.10 The average

of best objective values for F1

) The average of objective values
Generation
MGA SGA nGA
50 1.1432 1.1930 2.0992
100 1.0060 1.0182 1.4399
150 1.0004 1.0026 1.2077
200 1.0000 1.0005 1.1069

Table 3.11 The average

of best objective values for F2

Generation The average of objective values
MGA SGA nGA
50 1.0902 1.2687 1.3247
100 1.0443 1.2168 1.1500
150 1.0328 1.2074 1.0909
200 1.0273 1.1530 1.0455

Table 3.12 The average

of best objective values for F3

Generation The average of objective values
MGA SGA nGA
100 1.6711 1.7541 1.9427
200 1.3732 1.5414 1.8284
300 1.1510 1.4232 1.7348
400 1.0434 1.3420 1.5918
500 1.0305 1.3028 1.5135

@ F2 (Rosenbrock function)
Fig. 3.7(b)oll A1 MGA+ 7} =
ol =atdls W MGAS H#3 Hdghd 1.02732 2 1.1530%1

=
s 4uE AR FRES ¢ & vk

< T
n
i)

Wl om, Table 311914 Hd Al
SGA®©l ]

@ F3 (Easom function)

F39 A% Fig. 36(c)°olA SGA, nGAE EHT+3

$o] =7] w&ol, Fig. 3.7(c)$ Table 3.1201 4 At &2 & <=3 #
g Hro EAFLgI 2 AolE Hth ZF MGAY 4 F o] Y53
FFEge & 5 Ay

_32_



@ F4 (Ackley function)
F4 T3 MGAT Fig. 3.7(d)°l A
SGARTE 43 HAsol FHT

® F5 (Rastrigin function)

F50l A SGA= 9%7F =74

B2 9 g0

=

R

F4¢} F5¢ A3 =5H MGAE =
HAAH e =48

s
N

Azw sdetnon, M Ao
1.1103¢]t}. 28y} MGA+= Table 3.149] H A ¢
gol A BH e WFgho] 1.000001H 100% AN A Hidw

Aol F -2
e SGAS @3S & ResS

fx

2o

7b 7b wr=w ) Table 3.13¢0 A

Eayyss o) N
=R =1=)

o)
=

rHE %

Table 3:13 The average of best objective values for F4

Generation The average of objective values
MGA SGA nuGA
50 2.1515 2.8490 5.4794
100 1.0862 1.2812 3.7621
150 1.0015 1.0768 2.9214
200 1.0004 1.0233 2.3528

Table 3.14 The average of best objective values for ' F5

Generation

The average of objective wvalues

MGA SGA uGA
100 1.3705 1.9556 2.0568
200 1.0872 1.5115 1.3661
300 1.0343 1.3326 1.1529
400 1.0017 1.2077 1.0718
500 1.0000 1.1103 1.0135
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1 1,005 1,02 1.4 1.06 1.08 1.1 113
Objective value

(b) P2

Fig. 3.8 Distribution of obtained optima for test problems with 100 trials.

Table 3.15 Range of obtained optima for test problems with 100 trials

\ Ra optima
Function a

\. MG& N

P1 [0.7500,..0.8125] [0.7500, .1:0000] [0.7500, 0.9904]

p2 [1, 1.0590] [1,1.1215] [1, 1.0958]

S
1003] whE Fafsto] A A AFPE HdFS Ajtsto] 2 o] H At
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Fig. 3.9 Design history for the averaged best fitness of 100 trials.
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Table 3.16 The average of best fitness for P1

Generation The average of fitness
eneratio MGA SGA IGA
50 15.1860 15.1801 13.6385
200 15.2643 15.1888 15.0636
400 15.2767 15.1980 15.1471
600 15.2788 15.2004 15.1695
800 15.2790 15.2106 15.1738
1000 15.2790 15.2179 15.1825
Table 3.17 The average of best fitness for P2
Generation The average of fitness
MGA SGA nGA
50 14.9053 14.2582 12.6900
100 14.9560 14.4751 14.7320
150 14.5462 14.5462 14.8153
200 14.9932 14.5532 14.8790
D P1
Fig. 39(a)olAl MGA+ 7] 46Md ¢k SGART 3 FHE 9oy
T o F AYelAE ME FHE At ada SGAE 27 Y mE £%
2 A94 Ak P dAge Bgolt AUE A9A=s) FAd oldgS
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THOE g GAERT A AL AdgsoA "4 Hardz s o
4 St

o] ANMERRE MGAE SAS MGAE v:Eo7 $8ydS wro 1y
I pGARTH 5% TS now HHA HAam £y UtEAdS HAE
SGA® @& # Hesta o] FAHATY. F MGAT HANZ F7o]
o & v EAo F8td HAHE FAlolA ¥ HEAS BT ayn=
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MGAE %27] Aol £& FHAAERE 243 £ d+= SGAY ¥ B
3Lk SA9 Metropolis € ad]E S SGAY AAA Axbzbe] ZA@stdd. 1y
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M
stttk e gk st

) FE&7E
SAOﬂHL FE&7FoE2 dAANY] AFEE AMEEH. 18U SGAE JEs
+&3= 7IHolm=E Metropolis &85 SGAd AFste] A&tz & o
MEE FE&71Fc] =dyeofof gk, 2juz Ad3 F87]Fd g A=
g 8 &},
) WA T
MGAI A Metropolis &&= F H2& AFE7l 2 A =82 &
ES Tt & FAAERY &4AS HAStE Aol o474 vl A Y F
852 2% Fdav o &3 AJHET 5, 27|18 =2 EEoAE AF =T
22 JRA o & gEo] FolAAIRE wf At WA g o5 ke FAEO
2 FE8gEL Aot adqER YA g o5 vy A F4& v&o] F
g ool

= MGAS A&4dE& =o]7]. $3k4, Metropolis & &
o] Aol & 9IS & oz uHe 4z Y4 Fd mE MGAS

A5 a2 SR wAgle]l HAHoR FHE BAs|ol T o
2lg 4As W94 F¥HA (global convergence)elgtil gtk g 7hed @
e FHES M= WS Addsjol st o] sHEY HEE 54 +d
d(local convergence)el2til THH(F &, 1994). =, A4 S} 74 +
Aol Hojdss 59 dndgseld &+ dvt

ek 2 Al s A9 FEAdN w84 FEAdS vl 24 deR U

ZAG} F871Fed wE MGAS JFS H7tatH o5 st AT Aol
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Table 4.1 JYeUl Q. A GARE 32180 AAH 5/ T4 HA 3

aAZE Ao wEE w3 ) (optima range)ES T3 H|
E(P, )%, =54 Fe42 U wg fE 7T WA o ALt 3
(]V()pt)i ﬁlﬂ—ﬁ}g}q 7\(1 3 ';Z‘Xé—% ’?46‘]'01 /\]'%t:ﬂ— H]EH%:E\: Table 4.2

of AAeAT. 2 BE A G d9A Has lojrR T whd &

2 H1938 HAax9 1%, 01% Aoy 1.01, 1.001 F 7IAE 2835 S
TE71TL 243804 AW d A FE&71FS AFEEH T Table 4.1014
S71Eo 2 AT Ny, Nyjo, Nyjys

FR7F e HEHE AYE A
H] & o] 25%, 50%, 75% 7t H =% F8&/FSs AAT FeE, g7t N
G W HAE F AFEY A7 N/AHA, N/2WHA, 3N/4HAZ 2 A
Vo2 AR A4E YEdu 283 m>-J9 W AAEY A
FE7IFoR A Aol
F29 F5ollAl WAAF= 09998 &g ol fr= 3% MGAS H5& ¥
73 FAHE 0959 WHAFE AEGAS o
SGAS v x3t A¥ds B9zl wEolh. wEkA. F29F F5e WAATE 0.997F

My o oy

tlo oo

T A Fol diste] MGA= 1003] wk5 588k gl v,

Table 4.1 The cases for the parametric study of MGA

Function Cooling coefficient(ca) Acceptance level(F,)
F1(Sphere) 0.95, 0.7, 0.5
F2(Rosenbrock) 0.99 Nya,

N1/27
F3(Easom) 0.95, 0.7, 0.5

N3/4;
F4(Ackley) 0.95, 0.7, 0.5 m
F5(Rastrigin) 0.99

Table 4.2 Parameters for evaluation of global convergence

Parameter F1 F2 F3 F4 F5
Population size 20 20 50 20 40
Max. generation 100 200 400 100 200
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@ F1 (Sphere function)
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@ F2 (Rosenbrock function)

F2 bbb \wope] sty e = okl At EASS) 0o
Zo A ®&Ae] HE HES AAER YW aFite] BAE oo gt mrEkA Y
A T2 0997F 71 4 A5k,

223 Table 4.39 AFH}olAl MGA= Ny, o T871+S A48T 45 T4
Z57b g ASel ws R A N9 A A 9 75%9] HA
REHNAW ALY F3k9 AAEE £3dEY ;w} webA Nt

§71F o Ad=7F & 2 2 Fol 897 e 2=
7 ERE ga g slFzte] RART. wek F2e 4

™
N3/40ﬂ/“1 Z[:Eé]%o] 'é']—%:‘—al l\':'::_"xg: 34\

2

-

@ F3 (Easom function)

=524 FEAS Hrkey] fdke], 1003 whEo 7+
o7 Fdd ol dl, aPER 2o =R Z T5 AAGAF o
H, F3ol A= 509 A& Z7]< 8009 Ao Adi+ skl o w 0.959]
WA ARE 25 1.0017 o] ghell stk 0.7 059 WA g A=

1.001w] vko] gk

_40_



b7k 10%, 22%7F 29 o= St 2d22 0959 23k Table 4.3°]
LHEbU LTt
I A3 MGAT® %
< Bt Easom &9 54 A9 W JHA
75] )

N1/4, N1/2, N3/4‘°/]

99 A A9E Az wo AMEL A FgE 27
20 A AAE 94 19 £4FEL A Bow Fxd £85/0 @
oo %, Aw e AASe avw wuw el A4

o
ArbApe] ofujrh Zolaw wujel EdwWolntor g Fol

Hol =g A At 1Y B2 F3gFoAAE FE&IFoE Ho] 5% AFE
ol Aog ypudr

g WAAF7E 0999 W, HFE ] FE&IFS AFEste] 1003] WHE 5 5
wored 2 A3 [1, Lol A P(,,,f 98/0, ot = 7512, 712 31 [1, 1.001]91 A
P, = 9R%, N, = 93945 7kATH =, 0.999] W AGIA % 1008 2F 1.001

kel ghol ke v 095«] WA 2 AL3dS | B o Be
77 £ FFAT. kA F39 S EH S A= o AL Wzt
AFZ 095, #8& 7Eo2 Hito] AAF AR stk

@ F4 (Ackley function)

Fdel 23,079 WAARS Ny FEAZNA ST FEAL mo
o] Pt B ERA HaE AAY AEAEY Boes v Add At
ZRA Az e BHRSgel AA Ak deb W AFE 3AE 4A
B9 079 Ny S8 EoA SE g0 WE Bl ogh Bt H o
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Table 4.3 Effect of acceptance level and cooling coefficient

on the range of optima obtained in 100 trials

Optima

Function range a N1/4 N1/2 N3/4 m
P()pt Nopt P()pt Nopt P()pt Nopt Popt Nopt
0.95 | 94% | 1422 | 93% | 1407 | 83% | 1565 | 86% | 1583
1%
0.7 | 100% | 856 |100% | 875 | 100% | 1056 | 100% | 1024
(1, 1.01]
0.5 | 100% | 783 |100% | 819 | 100% | 997 | 99% | 961
F1
0.95 | 39% | 2058 | 38% 2053 | 29% | 2320 | 22% | 2293
0.1%
0.7 1 99% | 1187 | 100% | 1147 | 91%~| 1509 | 87% | 1522
[1, 1.001]
0.5 ] 99% | 1086 | 100% | 1088 | 95% | 1490 | 86% | 1514
(0]
B 1f01] 0.99 | 78% | 4020 | 88% | 2391 | 98% | 1609 | 94% | 2292
F2 o
[}
B 0'11§)1] 0.99 | 62% | 6291 | 70% | 4092 | 68% | 3092 | 78% | 4404
(0)
B 1f01] 095 | 99% | 7286 | 98% | 7431 | 98% | 8143 | 100% | 6024
F3 —
)
B 0'11 g()l] 0.95 | 96% | 9121 | 95% | 9475 |.94% | 10257 | 99% | 7209
0.95.68% - 1830 | 46% |12015 | -35% | 2218 | 52% | 2007
[¢)
B 1f01] 0.7 | 91% | 1371 | 93% | 1309 | 89% | 1508 | 91% | 1442
05 | 87% | 1449 | 90% | 1442 | 95% | 1403 | 85% | 1484
F4
095 | 18% | 2476 | 11% | 2733 | 8% | 2984 | 12% | 2829
01% ) [¢) ) [¢)
(1, 1.001] 0.7 | 76% | 1793 | 82% | 1765 | 44% | 2168 | 36% | 2260
0.5 | 80% | 1786 | 79% | 1863 | 52% | 2072 | 40% | 2272
[¢)
Bl 1f01] 0.99 | 98% | 3593 | 98% | 3648 | 94% | 3755 | 100% | 3460
F5
B 0'11 ?Ol] 099 | 97% | 4400 | 96% | 4694 | 89% | 4800 | 99% | 4568
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