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Proposal of SRG Selection for Genetic Algorithm

KAZUNORI KOJIMA,t MASAAKI ISHIGAME! and HIROSHI MATSUO#

A process which controls the performance in the Genetic Algorithm is a selection opera-
tor. However by using the current selection operators, of which representation is the roulette
selection, the population becomes to have more same individuals every generation, and the
best solution gets stuck at local optimum solutions in many trials of the GA simulations.
To solve this problem, Adaptive GA which prevent the premature convergence and Sharing
Function which remain the diversity of population are proposed. However we can not expect
better performance by using these methods. In this paper, we propose SRG selection which
is improved to remain the diversity of the population and to get better performance. SRG
selection is the method which combined with the method which select individuals ramdomly
in order not to duplicate, the method which remains higher individuals at a constant rate and
the method which generates new lower individuals at a constant rate. In some problems such
as the unimodal function problem, the multi-modal function problem and the combination
problem, we compared SRG selection with the current method, and present that the GA
simulations show performance better by using SRG selection.

Dec. 1999

2L i

BIZH T VT ) X5 (Genetic Algorithm ; BLF,
GA)V® % BRI, MHERTRRBRNLE
FEFV, HREHLEYETICHY, REICEHK
BRBERICR > TV E VI RESS, BTH % &kE
BIZEbDbRIZL L, BERCERBERLBELNDGF
ETHDE—RBCHEBIN TS, LIL, EBIZ
GAZ SIS EILMBECERL TAL L, BIHZR

1.

t HEBRYAFY 7 MY o 7 EEREE
Faculty of Software and Information Science, Iwate
Prefectural University

t RAAZLEREZRER T2
Department of Computer Science and Engineering,
Faculty of Engineering and Resource Science, Akita
University

4248

WRIZE obhTL v, BEROLL S THRER
CHEET XY, PRLIEE ORENEL R
ENELDH 5.
GADTNTY X LDKHE L TRE CH) HiFS
NBON, BRIEBIK, X, BREROIAZTH DN,
INLDOHT, GADBERMEEKRELELGTADIE
BRI, 20, KEROBEEEERSE L7201
Tbh AEEDRIRTDH 5. BEOBRIE, kitfo
BEMOELLEDLLDOTHY, BRET) )X THHE
KCEELRHSTHA. F0720, ERIIER: BIRE
DERIFFCWEELFECTHS. £/, GADEER
PREAT LT, MORELTEEBEL HES
BH GAZHWLEHEETYH, EFHL L Ebh, &
5% AMUEOHEFHETE S,
CGAZHWERIIBVT, BN ERERICL S



Vol. 40 No. 12

bRUTLEIFERELTEXLONSDIX, ERO—#
ThH5. BO—BMUFERIATBIV—L v MR
RELIUDETHRERDOBIETI, BOENH
k% BERIERYT 2010, BAEFIEL L,
F o2 AL BEE o BRI EROEL 2 5D D
Xk, ERERZOUEEFAL T, d2MEMEHNT
ROERFIBEHL L LT, FOEAKDIELAL
KSR TL T, R EOERIRMIIZFT
v, 22T, LT RS E VO DOFEN
PEELR B,

EFOMPIPCEZ B FHEL LT, TR L 2K
EREL WL ZEL S ¥ 5 Adaptive GAVD H 5.
ZOFEZ, BREHFODH T, XXE p. BLV
RRPRE p PENMEE R D0, BIHRER
DMEYCREFHC Z AT E, PORBEBR~DOIHRD
BuwrEshTwa, LL, ZoFETE, Sl
BREASKBENEZ LIRBZVOT, LY £ XHVh
Bk, BBERCERELIC B E V) HEND .

F72, BROSHEMEE #EFT5FH:L LT, Sharing
Function 2 L 72 FE9%H 5. ZOFEIE,
BAEDRBRIIGEWD OB LT NITEVIZE FELEDT
BB IEIICTAFET, TOFEYERTLZE
LX) ZBBREOBETH 12O — 27 ICET20%
B S EATE, SRR HRTAILITES. L
L, COFETIE, HEHZELZZERL TViRVLO
T, WM LEZ I, 57-0124%, BV A X0Hm
PMOFHE OMELEL L LEND S,

AHLTIE, BIEICIOWT, HEEOBEWERED
S EFPICEESE, o, L) RWEEELEL7:
DIKREML 7, HLVERETDH S SRG ERE
PRET L. ZoFEE, EHRCHEHEEOENERK
DELFAESHHILT, I VAHEICERESE, &
DR RERICE ShR VI LT ALV E
ZIZEDVIb 0T, HEEORV—EHA0BEL
ZDF FBIRT 5 Hi, BEERV—EHEOMEE
T ESFFICHKESE, b YICHLVWEERLERT 2
FE, 777 M oBRIETIC—EH A0 EGkE
BIRT 2HE ) 300K EEZMARDEIHFET
5.

LT, AT, 2 ETREOFHEL 20OMES
ZOWTRL, HLWERETH 5 SRG BRENDR
Fx217). 3ETIH, FAFETHEAL AT TR
BIZOWTHR, 4 ETENS ORJEICKH L THRERD
FHELORER T, SRG BREOFHMEICDOWT
BB, F/, 5 ETI, SRG BIREOT7T VT Y X
LD Z &, INT A= F[ZDOWTEET S, #L

BIZHT7 VT Y X MBI 5 SRG BIREDRE 4249

T 6 ETIX, SRG BIREOEMMEHEL, Hnt
BR5, .

2. #HLVBRREZORE

2.1 REXROFE :

HHEEC GA AT 258, BRECBVWTR
B ERSNEOEL~-L v F BIRETHB.
V=L v FEREIZ, EROZEEOBISEICEEIL
TEFERIRE SN 720, BEEFEGEEKTE
BREENGL DL VIFETH L. TOFHR,
BEEOERWEAFRIRSN 2 THEELRERLTED,
IR L Y BIEFEEROSREL T L LT
X, BB RERICE SbRIT BB E V) K
PREoTWRINLEhTWa, Lal, £BIZEE
B R bR TLEIRENELH .

WLy FBREDIIIIC, T 7 BRERE—F
AV PERERENS BN, TRLIESEOBVE
BRI BRENCTVFETH 5720, it
RTEHADPDH 5 1| LOBFRLICIORL , BT % 5l
B OobNTLEIBENEDA.

GA Z AW/ BERTIE, VHEROBRRENZDOH
DERICOHETHOT, BHY A XH/AEVIEE,
BICEOBWESL BAIEIRT 2 BRFETIE,
£HEDP—RILSNLT <, B BRERICE Sbh
TLEIDTH S, T 7BRER P —F 22 FBR
ERBICEAF L e T VWO T, Bl RS
B sbhbhedv, ERROTY — b 2 kEBAARICR
BTAILICLY, HIEEREELRNLESELZ LN
WHETH BH:, ZOHATHRILY BIrHy % BB
EObNTLEIRENELHE. TDOIXTELIK
SOBWERZEL-DICIE, EHAY A X2 KELT
5T ERMREFEL L TR RO RwhE,
SHEBICEZCDEMREPTTLE ) LW RIEND 5.

0L RERECHL, FEIPCRE S FELLT,
Adaptive GA (UUF, AGA) PREShTW5,
DFHL, BIXF p, L RAERE p, 2 EFOHEIL
BICHE, BRI ELEE2 L)L b0T, #
REFHOTI TR, pe & pm HBWELLZ0T, B
B % RBR~OMPAPCE LB T LA TE 5. LA
L, CoOFETE, FHORRBEKCIE, TR RR
ERLITbI V0T, BRREFHINOIRITRE .
BHPERIEC 2 L 25T & 225, BRBE&GOSEHZ
EALRWOT, BV A XM EVE, RBEENIL
BELILL LI BENFD S, 20, £H
FAXELE L TEPZFUET SRS v & v ) RIEN
Hb., ThiF, ERL7-XHiC, FHERICEER22 T



4250 RSB R LR/

H—Rekb.

F72, EHOSHEL HERT 5 FEL LT, Sharing
Function 2 AL, BCEOBRIELITI FHESD
5. ThiT, BEAFEVDOVELFETNITTS
B BISEEL 25 LT HFET, OFEE
BHTAHILICLY, ZEBOMETD 120¥ -7
CIRTADERC I ENTE, SN HERTEE
EHTESL. LAL, TOFETIEH, HENLEHEE
BLTWAWOT, ZOFELFEATLZTTE, B
BoOMEIFETE RV, LT, HiomLtbs
BB 701k, EEY A XMoo FiEL Ot
AL REIBLENDSL. T/, BEICLY, BH
BEOEEHERC BRI oshare TEXLLENVD S
DT, WOMEFICL - T, BHICRL V) HE
BH5b.

2.2 SRG #RZE

M TOREEZZRL, L) PR2VERFAXTL
DR BRERE B L0, RELTIILATIOR
¥+ SRG BIRELRET 5.

FRLTRET 5 SRC BIRER, UTo LI %F
HwExICrab0THS (M1 BR).

(1) HBEELBCEICEYE~EZL.

(2) AL toprateDBHEIEED T ER/IRL, KX
Zirbizwv.

(3) AL (100—bottom_rate) DEHED 5 T
¥ 512 {100 — (top_rate + bottom_rate)}%®
Mthz BEREEFSTRRL, TREYERTS.

(4) THL bottom.rate%DBEE Hl I EKT 5.

R, (3) DT ¥ F HIERL 228WAATI) £
KL, (2) oLEoBEECE by, 2, BRE
B3, $RTOBHEEHREL, THIDDEL TS,

UF, KBHXTIX, toprate & L) — b B,
bottom_rate ZFERBLRET 5.

FERDBIRED L9 12, BEEORWVERL BEH
BRI 2E51T s, HREFLERLT LI
BOLEEIBRERL TR Y, R CERS

Population

//// l

(2) Selected top individuals
and do not crossover

U/
///////////

. -=* The range of selection for (3)

J
5
(3) Selected randomly

(1) Sortby
fitness in order not to duplicate

N (4) Generato new
NN Generate n
AHMMMIM™Y

1 SRG &L
Fig.1 SRG Selection.

Dec. 1999

FrlloTL B, #IT, XFETI, BKET
UE LI OEERFESTERT A LICLY, HIE
EOBWEEO AL LT, BLEMEWEFDFRE
BEATHEIICL TS, Tz, AFETIE, T
OEEE BERFHCAERT S L HIILTWSE. Zh
kb, WEEAE L TERSRERAICE bR
¥, LYVEHBRERSTRE LS. 61T, AFE
T, HHBRED EMNOMKE 20T T RRT B HE
ERAGDE TS, Thid, =) - MAEFEEAE
bE 2 FELPTVEH, AFETIE, RL EHEIC
b MAk L FMARICERERETDELLHIICT S
ZET, TY—bPORIZESDONIERECHEN
H5.

% ¥, SRG ki,
competition and new Generation” ®HEIF*%
Lo72bDTH5.

3. EHAME

A2 TIX, SRG EIREO ML MY 572012,
B BRI & L C Sine IS I VT BE DT
7-B8% (BT, Sine ¥k x NIV BEK), Mk
OMBFIE L LT De Jong DO Fi, $8HOR
BRI 5 De Jong DEEKD F5, HACHE»HH
BOD3EDOHEDN ) A DEBEL KEL—IV R
< Y RIED 30 HHMEOKEY GAICEAL, R’E
o7

3.1 SineBd% x NICJTREAM

Sine B# x /N3 v 7 BEIEUE, Sine EIINIV
7 BEHET KT, NIV TEBRRE

Wi(z) = 0.54 — 0.46 cos (2’“?””) 1)

“Some survival, Random

tT 5L,
f@)={05$n( )}W%@0+05 )

THEEIND., RHFETIH, n=12, T=1024 £ L,
z % 10bit D 2EHTRAL b D xRkl L T
BLTw3

3.2 De Jong BAE F,

De Jong DR Fy i,

3
- 3

TRENLEETH S, AFETIR, o EThTHh
10bit @ 2 EBHTEBL 725t 30 bit DIXLFFI% Feafk
ELTHERALTWS,

2Tnx




Vol. 40 No. 12

A
(]
]

[

ﬂ c
Start State
| ﬂ
Goal State

2 N ADEMM
Fig.2 The Tower of Hanoi Problem.

C
(]
]

3.3 De Jong DEH F;
De Jong D% Fs i3,

1, w 1 -
FE=-{—+ S S—
° {500 2 DI aia’)}

i=1
4

TREINIZBEYUTHS. BFRTIR, z; TELEN
17bit ® 2 B TRBAL 725 34 bit DXFH % Fefafk
ELTHEHALTWS.

3.4 N/1DEME

N A4 ORI,
(1) chrooBELIcHsMEE 1EIC>S 118

PIRYOE L PDOBOTEECET
(2) AEvAgo Rz I b RELARERYE
Tid% oz,

EVIHIN—IZETE, F2KRTEIRAS—MK
BEd o T — VIR~ AT IANVT — L TH 5.
AR CIE, R1IKEFRT LIS, BROBIEGHOS
FrL e OB L Y RERSEREL, TORME
BEDRAY — PRED O T —VIRET TOENZ B0
HELTHERLTWA., 72, CoL s, BAMKE
L Tid,

fitness = Enlgm + 0.2 x goal_flag (5)
PEALTWAS. 22T, length 3gEBEOES, O
FHOFIFEOESERLTBY, goal_flag 1T — NIk
BICHEL TWARE IPERTZIIST, T—VIK
BICEREL Twhid 1, BEL TV ARThT 0T 5.
B, N ADOEBE~OBRFECOWTOFHMIL,
Xk 12) xR Sh 2.

3.5 KEt—IX7 RHA

KA — v A< & (Traveling Salesman Prob-

BIZH T VT ) X AIZBIT B SRG BIREDRE 4251

1 MAROBREES

Table 1 Operational numbers of discs.
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Table 2 Coordinates for 30 cities TSP.

x Yy x Y
0.396465 0.840485 | 0.462379  0.532596
0.353336  0.446583 | 0.787877 0.265612
0.318693 0.886428 | 0.982752 0.306785
0.015583  0.584090 | 0.600855 0.608716
0.159369 0.383716 | 0.212439  0.885895
0.691004 0.058859 | 0.304657 0.151860
0.899854 0.163546 | 0.337662  0.387477
0.159072 0.533065 | 0.643610 0.753553
0.604144 0.582699 | 0.603616 0.531628
0.269971  0.390478 | 0.459360 0.652488
0.293401  0.742377 | 0.327181  0.946370
0.298526  0.075538 | 0.368040  0.943890
0.404983 0.857378 | 0.007428 0.516600
0.941968 0.662831 | 0.272771  0.024299
0.846476  0.002755 | 0.591955  0.204964

lem; B\F, TSP) i&,[® 5t — VAT rHn{oHh
OEHE R4S 1 ET oML, RECHRERICRS
RINEESRwe 812, REOERETH 5 KERKY
WETHME] LEHRSND, BIEALEAYRE
1LRIED 1 0TH B, RBFETIE, T2 ITRTEE
O30 HHOMELFERL, HWHEFTLRIIL L3R
ERLREEALLTHEAL WS, &8, TOLED
R, 4.387226 TH B, T/, CORMETOR
RFEE—B—BEXZFEHL T0a.

4. B E B

HBEETIX, v —L v bE#IRE, AGA, Sharing
Function # /A L 72 F#, L T SRG BREDOE
4707, TNERORET, %HY 1 X 20, ZRE
BEER3%LL, 1EAORTORTEMALL T, [BHAHE
AT 50 HACHZILL Bh o268 T ] v ) &t
PEALZ. hiE, BROBRI LELFHET 57
BHTH5. 2L, HAAEHH 10,000 #AUEL 7
BE, SRR omb DL L TEORITEH
LE5b0E L. BB, TR, TU—FBIRE



4252

TEHRLEZERF

Dec. 1999

®3 KRTHAKOLE

Table 3 Comparison about generations.

Sinex De Jong’s De Jong’s Tower of
Hamming Fy Fy Hanoi TSP
Roulette 4984.4 10000.0 10000.0 393.8 9993.9
AGA 70.5 330.0 286.6 84.2 136.3
Sharing 10000.0 10000.0 10000.0 10000.0  10000.0
SRG 181.0 10000.0 10000.0 68.1 370.9
Roulette(E) 63.4 1474 206.4 75.1 334.2
AGA(E) 60.5 51.5 70.2 64.5 77.9
Sharing(E) 76.4 111.2 89.0 777 267.6
SRG(E) 69.6 91.3 212.8 69.7 319.1
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Table 4 Comparison about the number of reaching the optimum solution.

Sinex De Jong’s De Jong’s Tower of

Hamming 134 Fs5 Hanoi TSP
Roulette 346 0 25 253 0
AGA 115 0 0 54 0
Sharing 0 0 2 1 0
SRG 983 0 128 984 0
Roulette(E) 591 383 405 591 0
AGA(E) 196 975 12 108 0
Sharing(E) 7 0 18 635 0
SRG(E) 900 945 900 964 0

®£56 FHRKECED L
Table 5 Comparison about mean value of maximum fitness.
Sinex De Jong’s De Jong’s Tower of

Hamming R F5 Hanoi TSP
Roulette 0.9859 0.9784 0.9843 0.9147 0.3616
AGA 0.9714 0.4519 0.2474 0.8170 0.3728
Sharing 0.5247 0.9521 0.7479 0.7033 0.3529
SRG 0.9997 0.9992 0.9899 0.9989 0.7023
Roulette(E) 0.9910 0.9999 0.9951 0.9644 0.6593
AGA(E) 0.9804 0.9998 0.9871 0.8458 0.4339
Sharing(E) 0.9243 0.9981 0.9914 0.9697 0.6031
SRG(E) 0.9984 1.0000 0.9978 0.9975 0.6960
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Table 6 Comparison about “mean fitness/maximum fitness”.
Sinex De Jong’s De Jong’s Tower of
Hamming Fy Fy Hanoi TSP
Roulette 0.8053 0.8792 0.7831 0.9493  0.8890
AGA 0.9973 0.9988 0.9965 0.9786  0.9989
Sharing 0.3938 0.6894 0.3120 0.7212  0.8406
SRG 0.6692 0.9007 0.2730 0.8787 = 0.8364
Roulette(E) 0.8338 0.9206 0.7528 0.9640 0.9514
AGA(E) 0.9971 0.6453 0.4892 0.9830 0.9998
Sharing(E) 0.2363 0.6560 0.2324 0.4979 0.6361
SRG(E) 0.7089 0.9210 0.3782 0.9087 0.9059
T NIV/EROLEK
Table 7 Comparison about hamming distance.
Sinex De Jong’s De Jong’s Tower of
Hamming b 31 Fs Hanoi TSP
Roulette 2.293 10.891 9.259 24.143 15.164
AGA 0.054 0.117 0.091 26.617 0.328
Sharing 3.950 11.595 10.011 211.737 19.014
SRG 4.219 12.837 15.684 46.347 11.370
Roulette(E) 2.016 9.671 8.145 17.771 3.567
AGA(E) 0.050 13.484 6.671 19.006 0.214
Sharing(E) 2.612 9.906 6.182 106.646 10.719
SRG(E) 3.627 9.717 12.323 41.527 7.935
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Table 8 Comparison about competition method (the number of reaching the optimum solution).

Sinex De Jong’s De Jong’s Tower of
Hamming P Fs Hanoi TSP
Random(E) 900 945 900 964 0
Roulette(E) 837 890 566 663 0
Tournament(E) 825 1000 683 652 0

£9 BWETUOLE (FHRAEGE)

Table 9 Comparison about competition method (mean value of maximum fitness).

Sinex De Jong’s De Jong’s Tower of
Hamming Py Fs Hanoi TSP
Random(E) 0.9984 1.0000 0.9978 0.9975 0.6960
Roulette(E) 0.9973 1.0000 0.9962 0.9729 0.6521
Tournament(E) 0.9971 1.0000 0.9968 0.9721 0.6311
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