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Evaluation of Thermo-dynamical Genetic Algorithm to Solve the Function Optimization Problem
—Diversity Measurement and its Application to Selection Strategies in Genetic Algorithms—
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Abstract

In this paper, it is experimentally verified that TDGA (Thermo Genetic Algorithms) is effective in
solving a function optimization problem using Genetic Algorithms, because of their sustainability of
population diversity and efficiency of searching for solutions. In our investigation, we measure the
diversity of the population with the entropy defined in TDGA. We experimentally and quantitatively
verify the hypothesis that we can improve the ratio of searching for the optimum solution and the
accuracy of the solution by maintaining the diversity. TDGA is a selection strategy based on the
minimum free energy principle in thermos-dynamics. In TDGA, we select individuals in the next
population from those candidates generated temporarily for the next generation to satisfy the above
principle. In applying the principle to GAs, we select them to make the average energy £ a minimum
and the entropy H a maximum. In this investigation, TDGA and immune-GA are compared with
simple GA and GA with scaling windows from the viewpoint of sustainability of diversity of
population. The effectiveness of these four GA models is verified quantitatively by diversity
measurement. Furthermore, ten test functions are investigated in this report. They are well-known
De Jong’s five functions: F1, F2, F3, F4, and F5, and five well-known multimodal functions: Schaffer's

F6 function, Rastringin's function, Schwefel's function, Griewank's function, and Ackley's function.

Keywords: Genetic Algorithm; Diversity Measurement; TDGA; Immune-GA; BLX-a; Function
Optimization Problem
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| Initialize population
-

Perform crossover operation to generate individuals d of (1+8)x the population size
Perform mutation operation on the generated individuals &

h

Perform TDGA operation to select individuals of the population size from & for the next generation (k+1)

| Firstly select the individuals of different structures with the minimum function value from & |

Fh= <Eh> - TkxHh

in the simulated annealing (SA)

Secondly select the individual h successively which satisfies the minimum free energy Fh in the

tentative population Ps.h which consists of the selected ones s and the newly added h

, where <Eh:> is the average energy, Hh is the entropy in the Ps.h and Tk is the temperature

T(k+1)= rxTk

Decrease the Tk as follows, when the system reaches to the thermal equilibrium

-

| Calculate fitness of individuals |

No Lk Yes

—l Terminate conditions are satisfied ? | ) | stop the process

Fig.1. Implementation of TDGA to solve the function optimization problem.
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Table 1. Results of evaluation of TDGA, immune-GA, Scaling Window GA and non-Scaling GA through ten test functions.

Test Ra.t io of . Best minimum Ave. Ave. Ave. Ave. final
Function GA models optl.mum Relative error value gen. | initial div. be.ast div.
trials div.
Non-SW+ 15/15 0 0 13 29.93 27.24
o SW-GA** 15/15 0 0 15 29.93 26.87
Immune-GA 15/15 0 0 16 29.93 26.54
TDGA 15/15 0 0 13 29.79 27.83 23.93
Non-SW 13/15 0.000000033334167 0 23 25.93 9.62 0
SW-GA 12/15 0.000009016607500 0 22 25.93 10.79 0
F2 Immune-GA 13/15 0.000002087760417 0 27 25.93 12.26 0
TDGA 13/15 0.000273394880000 0 40 25.79 17.9 9.42
Non-SW 15/15 0 -30 19 49.88 26.77 4.18
- SW-GA 15/15 0 -30 18 49.88 25.38 1.18
Immune-GA 15/15 0 -30 21 49.88 28.79 3.94
TDGA 15/15 0 -30 22 49.62 19.97 2.97
Non-SW 2/15 0.020768388371756 | 0.007090033793755 | 608 | 239.42 | 127.85 125.22
4 SW-GA 2/15 0.014790146973541 | 0.006202866585284 | 532 | 239.42 125 126.56
Immune-GA 2/15 0.019095658949756 | 0.007374419566332 | 600 | 239.42 | 126.57 126.22
TDGA 4/15 0.013520268602822 | 0.006378799132664 | 666 | 238.24 | 220.02 181.75
Non-SW 15/15 0.000000000000575 | 0.998003837795203 | 17 33.92 13.73 0
SW-GA 15/15 0.000000000000575 | 0.998003837795203 | 17 33.92 13.19 0
Fs Immune-GA 15/15 0.000000000942441 | 0.998003837794628 | 13 33.92 18.2 0.08
TDGA 15/15 0.000000000000575 | 0.998003837795203 | 77 33.73 17.21 4.87
Non-SW 15/15 0 0 15.96 12.86 0
SW-GA 15/15 0 0 15.96 11.94 0
Fé Immune-GA 15/15 0 0 15.96 13.84 0
TDGA 15/15 0 0 15.88 15.31 4.86
Non-SW 0/15 11.75761412915560 | 5.969921589175300 | 156 | 279.34 18.1 0
- SW-GA 0/15 9.967152137000000 | 4.975318872000000 | 149 | 279.34 20.1 0
Immune-GA 0/15 8.159139807873520 | 3.980137279018880 | 165 | 279.34 | 27.46 0.48
TDGA 12/15 1.525963631000000 | 0.000077496800000 | 359 | 277.95 | 85.52 13.72
Non-SW 15/15 0.006237505352 | -4189.822635218985 | 43 99.77 18.47
- SW-GA 15/15 0.006237505352 | _4189.822635218985 | 45 99.77 16.18
Immune-GA 15/15 0.006237505352 | _4189.822635218985 | 45 99.77 19.79
TDGA 15/15 0.006237505352 | _4189.822635218985 | 132 99.31 64.44 49.23
Non-SW 7115 0.115743947894937 | 0.032507253194352 | 61 109.73 26.72
o SW-GA 6/15 0.111482000275566 | 0.032507253194352 | 57 109.73 | 31.64
Immune-GA 8/15 0.143519178881590 | 0.046797078163841 | 67 109.73 21.44
TDGA 14/15 0.063024064593111 | 0.032507253194352 | 99 109.2 63.27 12.48
Non-SW 13/15 0.163432156222627 0 27 59.86 36.13
10 SW-GA 14/15 0.081716078111313 0 25 59.86 37.41
Immune-GA 15/15 0 0 30 59.86 43.54
TDGA 15/15 0 0 32 59.59 50.99 1.9
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(D Two-point-crossover %
(2) Two-point-crossover + BLX- a ¥
Two-point-crossover (KiFiEZ) 75 BLX-a (5
FTHRER) ~NOMBIZFACLANL — 8 OLEITER O
LM (TDGA DT> 1 ¥ — H) /3Bl p=L % 0.9,
FEB =L x 05 NICho/zEl L7z, £FHD
ZreME H 2SEME g LLEICHE L 725, F U BLX-«
7* 5 Two-point-crossover |ZEIZ XL A XL — %
ARBT L, CICTLIEEBAETSH . M,
a=0.5Tdh %,

7-5 FHiEE

(1) FEfRIEZR R (Ratio of optimum trials (R,,)): 15 Al
DT 70 G BR O TR (BEuR/ME) %8
RTCEBBEMOEEDZ Lo Ry = M/15T
AHET 5. B (BRUR/ME) 17 A MEI%
DR HLD Y BEIET CICFDMER DY S,
UL, EET7TIVTY) XL CTHERT R R,
getafhE® L L 4UE 2V HOBEEETH Y,
WROFEH DR SN D G- THMAEE L2
WAL, RO, HEN L REFESE
INBVIGAED DL, TOLEER, FBAREL
DFEE TR L RO T b B EH /N
SR (R o) R RN ¥ B O S k=X 7
BEBOMEE, TNEEHT M EHOMED
ZEERVI,

(2) Hxt 7 (Relative Error(ER)): 15 [0l DT 7z 5U5%
THRE L - B EuR/IME O IS — fx o i /Ml
HoFR/MEIL 7T-6 Bi TR I NG A, ZAudE
A E 7 IXERBRICER L TR b 7o/ Ml
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ThHbo

(3) I B B3 5 fz /Ml (Best minimum value): % € 7
NS RO 72O R/ME. TREETIVEIL,
15 A DMRIL 7 & % DFRERO TR 72D
w/AMEDOH Tl b /NS i/MEZ o787
VoZ k,

@) ¥R (Average number of generations(Ave.
gen.)): 15 [BIOPST 72 % 4 OFABRIZ BT, B
DRMEE RO 2 DI L 72 HRF 5 01
&

(5) “FIHEHEFER (HAL & sec.): 15 RO 72 % 4
DRERIZBWT, BEDOR/NMEZ RO 5012
P /oar Yo — 7R OFIHE

(6) ZHRMEDFIg#HAME (Average initial diversity (4ve.
initial div.)): 15 BIOMST 72 £ % OFRERIZ BT,
WA AR B L 7o AR O Z B E O P19 i

(7) Z 61D -3 BAE (Average best diversity (4ve.
best div.: =Div.,,)): 15 [RIDFRT. 72 % 4 O ERIZ 3
WTC, BABDR/MEZ Ho T 72 A A6 R O i
HED Z kR

(8) Z ¥k D 3 I Al (Average final diversity (Ave.
final div.)): 15 [Bl DJRAT. 72 5 % D REFIZ B W T,
U a 7 xS IR L 7oA T R O B O SRR

7-6 EEIER

FEEFER TR LIZT LD D,

F T, Two point Crossover + BLX-a (0=0.5)
DY EOERMFBRE T LD, FfhRE LIZSHK
O PIGOIMEZ WIELA L THRONS Z L IZHER
& MR S gtk 2 B3 % 15T @ on/off &
—HALMTRESN DS TH D, BIZIET A M
B F1 OZ RO FIMEIEIL 29.93 TH 525, 7~
BADT2UEAAL T30 & %5, ZOftILF1
DEGEOGEERL=10E Y F x 3IT—H L TWwb,

DU ISR R 2 24 5o

W, 7 A MBS ORER B EOF I % 5 O
22D 7T 7 % ftekE LCEML 72, AME T,
B B e /IME AR R RE I B RS — 1 2 TR S
RAEFRIGEIZZHR L CTHEEZ TV, 2Dk
O, ETAMEKLZ - 12T BB T 7
g= — f Z LT IZHVTW5,

(1) De Jong's test function FI1: Parabola (sphere

function) (unimodal: single peak) (see Fig. A.1)

3

N N 2

<EFRA>Z = f(x,%,,%;) :in
=



Fig. A.1 Inverted De Jong test function F1: parabola.

<GEF> - 512 =X < 5.12 (=1, 2, 3)

<G R L > 30 (bit)=10 (bit) x 3 (%)

< /ME > x=0 (=1, 2, 3) D, F1 13&/IMHE

0% &%,

<EBHER> K1 NDH 40D CGAET VDL A

DT B R ER R 28 Rope 7% 100% (=15/15) Tdh 5

ZEDbrb,

<@ > De-Jong DIEHERI L F1: parabola (£ 3 i

DI X1, x5, X5 DM Z RO LEBTH 5

RKOENS, x1=0, x2=0, x3 =0Dfix L o7

FEICIR/AMEO 2 & 22 39 Chh b, BMEFLO

HR/MEPRFRREIL GA OEERM R 2 FHEi§ 5 £ T

O AMWGEETH 50 W, SHLEROHEOB

I RREIE 5.12 X 2/2°=0.01 TH 5,

(2) De Jong’s test function F2: Rosenbrock's saddle
(unimodal): (see Fig. A.2)

<EFA> z=f(x,x,)=100(x" - x,)" +(1-x,)’

<GEFH > - 2.048 = X; < 2.048 (=1, 2)
<R > 26 (bit) =13 (bit) x 2 (Z%)
<IEIR/IME > %=1, %=1 DEFF2 13HR/IME0 % & 5
<EBER>S>FE1IDPSA4DODGCGAETIVDE LI
DT IRR R Ry Y 80% (=12/15) LLETH
HZEWDbNPD,
< i B > De-Jong @ £ #E B %% F2: Rosenbrock’s
saddle 1 2 DO Z i x; & . DB3H Y x, D_F kL
XDED R 100G L2 BEE 1 -x) O
FEMLUHEEZROLEETH L, ROEH» S
x=1, x;=1 O IZH/MEDS0 THAH Z L5 b
BH, 2EHOBEBTF2ORNMENKE LDT
GA 2L > CIEMEZ L T LR L e Kl
SEEFLOE OB 1L 2.048 x 2 /2" =0.005 T
%o Dedong D L TlL, MROFEFMEE %, 0.001
AT, 24=12 v b x 2B HKx Ol EE LT
Wb, RIETCIEFEOREEZ 2 f512h) L7z,
(3) De Jong's test function F3: Step function (unimodal):
(see Fig. A.3)

0
-500
-1000
-1500
-2000
-2500
-3000
-3500
-4000
2

Fig. A.2 Inverted De Jong Test Function F2: Rosenbrock’s saddle.

5
GEFRIN > 2= [0, %0, X5, X,,X5) = ZinJ

i=1

<EFH > - 512 =X, <5.12G=1, 2, 3,4, 5)

<t k> 50 (bit) =10 (bit) x 5 (Z%L)
< /MiE > PIX I [-5.12,-5.01] IZJ& 3 2 B D
B EREEED D & GA THEEWRER 12 H O #Ek
fif 1-5.12, -5.11, -5.10,...,-5.01f DWVTNHDfE%
% x:(=1, 2, 3, 4, 5) DL - 7212, F3 125%/MiE -30
b
<EBERSFE1IDPSA4DODGCGAET VDL LI
DV THGEFRZEE R, 75 100% (=15/15) TH 5H 2
ED3DN5b

<#HBH> De Jong DFEHERI L F3: Step Function
X, x 22wk KDOEBEH [ X | = floor(x) = 5
DRLIEHTHL, 22T | 1ZTTRARLETTH
%o BlzIE, |-5.12] = — 6,5.12] = 5,|5] = 5 &7
%o G5 TF3OR/MEIX | X ]= - 6% & 5/2HFT
ZDfEIZ— 30 TH A, MO WEFRIE, &
WA FFO HDME—DTIE R {, B oL (boik
WD 122 & e D) THGEMAINS 2 & TH D,
M5 ODOMNEREFDOEHZRET LT MVT
HBHo HMIEHOMEOEBMMREIE 512 x 2 /2"
=0.01 TH %,
(4) De Jong's test function F4: Quadratic with noise

(unimodal): (see Fig. A.4)
<opzEat > 2= f(5.X, --,x30):§:ix,.4 +GAUSS(0,1)

i=1

=107

Fig. A. 3. Inverted, two-dimensional version of De Jong
Test Function F3: Step function.
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Fig. A. 4 Inverted, two-dimensional version of De Jong
Test Function F4: Quadratic with Noise.

EE AT AGAGIHE - THAET S DADYE,
i EZCIEET b,

<SEFH > - 1.28 = X; < 1.28 (i=1, 2,..., 30)
<Pt iR > 240 (bit) =8 (bit) x 30 (Z%)
I/ ME> 2 TO X (=1, 2,..., 30) 25x; = 0 T,
MOMET =0.0 DIFIZ, F4I3R/MEO0 % & 5,

< FEBRE R >

F4 12 X Z5HITIE, #R3% L72B%UMEAY 0.01 BIF
OB IR 2 ER L2 ETF NV ThH EHW L7,
K105 4O0D CGAET VDK A |ZOWT i iR
PRRFER,, 1527% (=4/15) LT TH AH Z DA 5,
L2LBS 4 DODFTIVOH T TDGA £ T IV
fif D FH X R A= ER DE D i b /N & { £ DM IX
0.01352 TH o 720 Z OHFH L TDGA 5k i fif 12
TR B DLV Div.,, % 220 LLEFERTE TV
72DZxt L, Mo E 7OV IRE R I CEF 0 %
R Diviopt % 130 L L 2R T E T o /2
PO ThHb, ZOFMPIIEMADOLHE LIRS 5
EDROBWEIEEDOM L2 b 72032 2/RLTW
bo WIZ, Va7 ofEISEME 200 A2 S
10000 HACICEER L, 10000 HALEIHIT 5 &, 4O
D CGA ETF I DK 22O THEIRIERE R,y
87% (=13/15) L\ b2 7% 5 2 & B MEFE L 720 How R
WHER2N ETEHEE, SHROKTEOEM
DERMEE 50 LLEFERTE T izhbbEr bR
Bo W, M REEERRNER AN CE 3 AR RY
BIZEFENTW720THh D,

<FtH > De-Jong DIEHERI £ F4: Quadratic with
Noise (& 30 D [ D 4 FElZEE 5 % #
T BE] oMTERIHAINLES L, FHEO,
STERL DT T AGFARNHE S T — o b + co DFEH
it % RIS A M (BLED) oI TH S 1, 7
T AGARN o CHRET AHEENEOYE, Fax
TZTCIEET D, BBOENLLETOMIEEE x
BOxEolR/MEOL D2 EITT bbb
B, HEED D B REDHE L { o T b, FMOT
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Fig. A. 5 Inverted, two-dimensional version of De Jong
Test Function F5: Shekel’s foxholes.

BHOMEOBNFEIX 1.28 x 2/28=0.01 TH 5,
<H 7 AGHNNE > THAET HEE DI A D>
DF D 2 o5 5 #RRE L L7z,

- LR R ERLIC & B ik

- Box Miiller i (cos T F 7213 sin %)
(5) De Jong'’s test function F5: Shekel’s foxholes

(multimodal: multiple peaks): (see Fig. A.5)
<EFK >
1 25 1 3

2= = 2 i + G
<SEFEH > - 65.536 =x , V¥ < 65.536
<Gt k> 34 (bit) =17 (bit) x 2 (Z%)
I/ MiE > T4 OFEERTIX (v, )= (- 31.9785,
— 31.9785) D2 /Ml 0.998003837794628 %
BRI
< FEBAER > F5 1 X HHMi T, BEER L /- B sk fiE
7%0.998004 LLF DR IZ @ ff 2 R L 72 ET VT
HoHEHMW L2 E1HH 42D GAETFT VDK~
2D W CHEFRZEZE R,y Y 100% (=15/15) Th 5
bbb,
<#iHH> De Jong DEEHERIEL F5: Shekel’s foxholes
(&, 25 O ZIRITTOFER L alj] X bl 205 D5 (x)
D 6 FEAENHHF T L L7 O S B oA
1/500 2 f1 L 7= B0 x 2ol e 3 5% TH
%o F5 XL 25 HORFRFOMHEZ & o 72 K¢ AR/
Helhhe L OMNEEZOMHEELTEDLT LD
5, ML ENRBE LN TV A, i %E#H
BRonT, TOuEISR/MEZIERT LI LI
HEL v, S EHOMEOBIHIHEIX 65.536 X 2
/2'7=0.001 T %,
< aljl x bllG=1,2,---,25) >3RS TH D,
fox holes XI5, Z Dff L De Jong D1ELFw3LD
T=FEFELTHY, UFOfiE LTwb,
al25]={-32.0,-16.0,0.0,16.0,32.0,-32.0,-
16.0,0.0,16.0,32.0,-32.0,-16.0,0.0,16.0,32.0,-32.0,-
16.0,0.0,16.0,32.0,-32.0,-16.0,0.0,16.0,32.0}




Fig. A. 6 Inverted, Schaffer's F6 function.

b[25]={-32.0,-32.0,-32.0,-32.0,-32.0,-16.0,-16.0,-
16.0,-16.0,-16.0, 0.0,0.0,0.0,0.0,0.0,16.0,16.0,16.0,
16.0,16.0,32.0,32.0,32.0,32.0,32.0}

(6) Schaffer's test function F6 (multimodal): (see Fig. A.6)

=2 2 2
e oy _ —05 sin“(y/x~ +y°)—0.5
SEFAS 2= f(65) =05+ S )

<GEFEH > - 100 =x , ¥ < 100
<Pt i > 16 (bit) =8 (bit) x 2 (Z%)
<IE/IME > x=y=0 O, F6 13R/MEO0 % & %o
<EBER>S>FE1IDPSA4DODCGAETIVDE LI
DV THGE R R, 25 100% (=15/15) TH 5H 2
EDIOD D,
<HA> a BEFOEE, —H#12 sinle) B -1 20
510ME%EADT, 1 =sin*(0) =0&7%5, fito
C Schaffer's F6 X OEA, 1=z2z=xy) =0 &
o TWh, SO ENL, F&50& %2 5DIE
x=0y=0 DHFETHHZ ENT Chh b, KATZE
B oo BARFEIE 100 x 2/2%=0.78125 TH 5.
(7) Rastringin's test function F7 (multimodal): (see Fig.

A7)
<FEFA>
z=f(x1,x2,--',x20)=10><20+§:(x,.2 ~10x cos(2m;))

i=1

<EFH> - 512 =X, <512 (G=1, 2,-.., 20)
<Yt fh > 280 (bit) =14 (bit) x 20 (£%1)
<I#f/ME> ETOx (=1, 2,..., 20) 2°x; = 0
DKy, FTIEHR/MEO % & 5,
<EBRKE R > F7 12X AT, #3% L 7-B%UE
B2UTORICREBZIERLIZETIVTHDL L
HIWF L 720 155 TDGA ETIVDOAD2 LT D
MEEZIERL TWAB I D bhrb, L TEFDRK
PR 2R 2 R, 1E 80% (=12/15) Tdp o 720 — 7,
#1755 TDGA O A D #fFERER IR F O S f
M Div,, % 85 LLEFERR CTE TWwizolzxt L, o

Fig. A. 7 Inverted, two-dimensional version of Rastringin's
function.

B TIVATIREAIRER I (B O L KR Div.oy % K
28 LOMMERCE TV Lozl &b b, 2D
KL, BEIOZRRIEZ MRS 5 2 & DV RBERRER
HRy DA LB/ FTIEERLTV D,
<A > — 12 a SFEBOEE, (1 — cosa) =0 7%
DT, BMBFTOWNRER:z2=20L%50 220 L7
HDIEx =0, 7221 —cos X =0DFETH, M
Fiwiiiiz s OIEX =0 DR TH L Z EVSbD b &
M2 O MEOBEN AL 5.12 % 2 /2=0.000625
Th b
(8) Schwefel's test function F8 (multimodal): (see Fig.
A4.8)

0
<t > 2= [+ 0x) = D~ x, xsin(y|x])
< EFH > - 500 = x; < 500 (=1, 2, 3..., 10)
< et A5 >100 (bit) =10 (bit) x 10 (Z%L)
<fx M & /N fE>4&E T ox6=1,2,.,10) H
x=420.968746 O K, F8 (X /ME — 4189.828873
b
<FEBRER>EK 1L, FEAEI100E Y bOK
Eob L, H/ME - 4189.822635 # EE T & /22
EERLTWA, ZLT, 42D GAETIVDOEK~A
DWW THRGE IR R, 77 100% (=15/15) TH %
bbb,

Pt AEDN 100 ¥y FOKEEDO L LTk, GAT

6007 500

Fig. A. 8 Inverted, two-dimensional version of Schwefel's
function.
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RO DPMEIETETOXIIDWT
x=420.8984375 ® [ T Z O I ® F8 & i I¥ —
4189.822635 TH5H = L ZEBTHIETE %, fito
T, F8IZ X At Cid, HE L -BBMED -
4189.822635 DFF | EE X IRK L 72ET IV TH
B ML 72,

2T O x (=1, 2,...,10) |22\ T x=420.968746
DO, F8 IX e/ ME — 4189.8288727243371 % & %
L LCHILNTWS, FrafkEA 100 €y b
DIEFED D L TIE, &TD x H x=420.8984375 D
12 GA 13 — 4189.8226352189849 O fiii /M %
RTCELILEEBRTHIEL 720 ZOFIEORIZT
BT AE 72 x, 13 419.921875 & 421.875 TH 5 A5,
Z OO B HE 1 — 4188.4466107056924 & —
4188.7922142631587 T &» 1), -
4189.822635218984900 & ) K X v, & L T,
x=420.968746 1% # I 1] §E 1T x=420.8984375 &
x=421.875 DX IZA > Twb, H£-> T, BEED
MG L D, M/NE - 4189.8226352189849 % B
BFSOfE/NMETH 2 LHIWT L7z o T, F8IZ
£ 5 FF Ml TUX R L B KME DR -
4189.8226352189849 DEF | # ¥R L 7-E T
VTHDLEHW L7z 11X, 42O GAET VO
% % H3 /Ml — 4189.8226352189849 % 3 T X
72k, HROEFIREE R, HY 100% (=15/15) TH 5
ZEERL TV,

RS> 2 a DFEBOIF, -1 = sina =172 &,
10 DL x 12>WT | x | =500 (=1,2- - +,10)
72 Z k75, Schwefel's function D{EIE L z Dl
Wi, -5000<z<5000 & 7% %, fE- T, HEELE 21X
EAOVWITNOED L5, FHEE sin 5 ATW
5DT, F8IIEHD R/ Mtz o, M EL
OEOBHAIRIFEIE 500 X 2/2°=0.9765625 TH 5%,
(9) Griewank's test function F9 (multimodal): (see Fig.

A.9)

600

o %
600 500

Fig. A. 9 Inverted, two-dimensional version of Griewank's
function.
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<EFRA>
1 10 ) 10 X, l
z=f(x,%y, 22 0X)=—— ) x,” —| | cos(—=) +
P, x0) = g3 = Jeos)

<GEFEH > — 600 = x,<600 (=1, 2, 3..., 10)
<Zeft kR > 110 (bit) =11 (bit) x 10 (Z%%)
I /ME>ETOX; (=1, 2,..., 10) IZDWTX
=0 DK, FI I IR/MEO0 % & %,

<EBRFE R > F9 12 X BEHEiCIE, HE L -BIRUE
0.1 LT ORISR BRAIRE L I-ET IV ThHDL L
HB L7 B1IHH4DODGCGAET VDI B
TDGA O &3 i fi R =8 Ry D% 93% (=14/15) T
HbHIE, D3 ODETIVIE 3% (=8/15) LLF T
HbHZEWbroTle —F, #1256 TDGA O A
DI 8 R R R B |2 R [ D 8k Divoy % 60 DL T
BRTE T3t L, Mo T 703 b iR SR R
R DL HAE Divey % K 32 L 2ER T E T
ozl bbb, TOREIL, EHOLREE
TWEIRT B Z EDIRBEIRIRERE R, DA L2 b 725
TIEZRLTWD,

10
X.
<Hm> i z0l-lJes(G) z 0, z 00T,
i=1 1

FO IZIEDE%2 IS, 1E>C, FID0 &7 5 DI

ANEANF0LLRLZETHY), Theii/lzdDiEdx

=0DRETHDLILVbI D, KFMITER X OfH

OBIHIRREIL 600 x 2/2"=0.5859375 TH %

(10) Ackley's test function F10 (multimodal): (see Fig.
A.10)

<EFRA > z=f(x,x,,000,x,) =

—20xexp(—0.2x Lixiz)—exp(iicos(Zzzx,.))+20+e
1045 1045

<EFH > - 32 = x, < 32(=1, 2, 3..., 10)

<t k> 60 (bit) =6 (bit) X 10 (Z5)

< E/ME> 4T X, (=1, 2,...,10) 2% ;=0 DI,

F10 I3f/MEO % & %,

40 4

Fig. A.10 Inverted, two-dimensional version of Ackley's
function.



<FEBRERS>F1IHNSH 400 GAETTFTINVEKRTHR
BRI Rope 7% 95% (=(13+14+15+15)/(15 X 4))
THLIEDN LD D,

<FHHI> F10 1%, 8B y=e'=exp) DT % F
LT GA 5% O/ Ml % EBRIYIZELT 5208 v )
METH 5, HEmMIZEEF10 O5R/MED 0 & 7
LEHIE, DT Tho, BT, e ITHFNIMEAELT
HO 1= S I xVRADOEE 1T E R D,

10
1> exp(—0.2x %inz)
i=1

7, e=e! =2718 -+, -1Zcosx =142 ¢&
5, UWTFTORERDEKLT LI b b,

10
e>exp (% Z cos(2mx,))
i=l1

HeoT, FI0IZIEDHE &5 2 Db h 5, F10
MH/AMEO &7 B DL, WA TEHEF O HKAL
TOLHETHY, ZNIEDR0DHETHH I L
Wbns, ST x OEOBIIEEIZ 32 x 2
125=1 CTH %,

77 EBREROEXLD
10 D7 A b B E o 7 FE B % 5% w45
TN Ry) ODBIR D OLUTIZE LD 5, M iR
(ER) DB 5 OEBFERO F L OOV TIEHE
%9 b,
R FRFE N Ryy) DI H D 8DOD GA ET
v D&l
(1) Two-point crossover % :
0.46 (=278/(15 X 10 X 4))
NS
(a) Non-Scaling GA: 0.37 (=56/150)
(b) Scaling Window GA: 0.34 (=51/150)
() Immune-GA with scaling window: 0.4
(=60/150)
(d) TDGA with scaling window: 0.74 (=111/150)
& OB 5 FRLOWNRIZEIE T %,
(2) Two-point crossover + BLX- a ( a =0.5) {7 :
0.78 (=466/(15 X 10 X 4))
WER DUFIEER 1 0BEHTH S,
(a) Non-Scaling GA: 0.73 (=110/150)
(b) Scaling Window GA: 0.73 (=109/150)
(c) Immune-GA with scaling window: 0.75 (=113
/150)

(d) TDGA with scaling window: 0.89 (=134/150)

FRLOFERFERIE, GA THEUR/MEFERMEE
it < Br, BLX-a & — %3 (two-point crossover)
DI L 72 23 6 28 SE R 2 17 7% 9 Y& @ TDGA 7°
RORR LR FEBTE LT L, FEBRTIIR
W FIRIREE R, 5% 0.89% (=134/150)) Th o722 &
EFRLTWSL, ZLTC, 10 oBlHeNTzT X
MEBE W2 ERRIC LD, EROSRRE 2 iR T
B R E U CRBERIRREE R, ZM L3 €5
LB EERLT

|8.ﬁﬁa$&®ﬁ%

B ¥ IMEIER I 2 R 7V 1) XA TR
BaL, EHOLZHES TDGAICBIT ATy b O
V—CTE=MICIEL, [EHAOLRELHERT 2
T LR, RERERERESHRBRE ORI 2 W) R T
5] W) RFE, De Jong @ 5D DR £
&5 ODLIEERE R G B L MS 7z 10 HoE
7 2 NEBE G EBRIC LD, EEICKGE L
720 EHIOLARNE R TR L 22 055 s R HEE % £
T5hE LT, TDCAIZL B FEDNAMTH 5
&, TLUREBHEEY GAO AL TEHL
BT % BLX-a CEHT L2 FEPIENTH L Z
ERFEBRICI DML L 720 S, (1) BEERZEMC
A& T ABOMOKEE oM LK, (2) $Lik#E
RPNV =y ZREORREOMEE, (3)
INRE % SPX, REF % BLX-a TEHT LY
EDOWHOBGEZ S HOREE T 5,

®EZ
KaE, LT oL [19] OFRTH %,

SEE

AWFFE1x JSPS BHF#  JP15K00347 O B % %
ZUF72bDTY, I ITEHEL 3.
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