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A Genetic Algorithm with Uniform Crossover

using Variable Crossover and Mutation Probabilities
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: In genetic algorithms(GA), a crossover is performed only at one or two places of a chromosome,

and the fixed probabilities of crossover and mutation have been used during the entire generation. A GA with
dynamic mutation is known to be superior to GAs with static mutation in performance, but so far no efficient
dynamic mutation method has been presented. Accordingly in this paper, a GA is proposed to perform a uniform
crossover based on the nucleotide(NU) concept, where DNA and RNA consist of NUs and also a concrete way
to vary the probabilities of crossover and mutation dynamically for every generation is proposed. The efficacy of
the proposed GA is demonstrated by its application to the unimodal, multimodal and nonlinear control problems,
respectively. Simulation results show that in the convergence speed to the optimal value, the proposed GA was
superior to existing ones, and the performance of GAs with varying probabilities of the crossover and the

mutation improved as compared to GAs with fixed probabilities of the crossover and mutation. And it also shows

that the NUs function as the building blocks and so the improvement of the proposed algorithm is supported by

the building block hypothesis.

Keywords : genetic algorithm, uniform crossover, variable crossover and mutation probabilities, building block

hypothesis

I. M8

GAdl dig /Ade And HSA2dd g A9 o
o] Holland[1] & Goldberg[2]1e] )3 A4 & @7 A2
o e5d Be RobdM GAZE A3 71 sz 2
ola oy ZrdE GAZF #AH3E Yoz A AME3EY
ole ATHA B 2ty YA 1 ol GAZF &4
g e FE e EAE dEoIUY. a8y of B
Ae dale A3 (elitist selection procedure)oll
Age] Az AAANE ST 5 UE A riyPes @
A AT 3]

GA % o9 $83 #dyg B2 A7ddgq 2sd GA
© O0E A3 /Y Ed HE 232 6 Hojd A& i
33 A= gt 53] And AoEAld YojMdE 7
o] Aoy Ett o 43 ARE veldo4l olgte =
Mo Z5AA &7} 2A8HE multimodalF A, o= A %2
FHAE 712 regularity A, EAFGe FAA] o=
AT JAAZ HF 75T EA, 228z 2EHQA e AL
olef] AlH LA AA EASE epistatistA B AL
of GAZI v+& HH g Y Ed vls o aHe|tH5] <
d GAZ} #R|ol2, simulated annealing, filtered beam
search’s % A3t ALLE = ok HTH6-8]

FH Feholo A M3l AFY Ao AlEolAEHE
A3 GAHE vt ol F AF S 7123 duy
& 3A GA, A3 A A Zzadgy & Rz B
Ferl olglolx Scatter BAZIY, 4 TzadUS 5
Aste) A3 A2 Evolutionary Computa -tion)[9], 213} =
2% (Evolution Program){10] £¥ 23 < ualZ(Evolu-

HAEda 1996, 2. 7, FALE 1996, 12, 14,
AAF 1 B AAMT ARAAGTHA
3 A M-Sty

tionary Algorithms)[5]ol& 1 & olE ZF Au|siE o]
oz 7] MAAGeRRE AddE FEHE A
o, 2 s JEY dulsls d9Z AN EA
A& 4 dth
GAE ZA ¥4 dugg, 23 gngdd: =
dnFFoRE FAHE AFY 53 FgA7IYolro]
717te) B & ol A Mesiike] weld GAY H%F
22 93e wErh B s HotalE GAE MY
daElE, NUAE 1zbs 4 23 duel s, viAdet
a4 4ol FEFSE MANAZFE dugE ¥
gE dugdFos ojFoA vt zElm Atd GAel
A nlzte] FYEe A 2 £ddol g9 shEEgst o
g E9 Aol vHE 4% AEFT

=

2 v w

L

1S rio nit

B2z

o. #d WX 2492|F

gutdog GAE 3 X EE F R uxrl AyE
o ol 3¢ FA(1-point crossover) FE FR Lzt
(2-point crossover)2tiL ok whHol wmArL A A H o
AXA A EAA dous AL dF T (multipoint
crossover)Ztil 39, G# X WAte] FEHQ v FY o
2Huniform crossover)th. 19 1€ ¢ og7tA mAH
£¢ veEldY 19 1@t 2AEFES Ao gAdE )
3 2 AR FX TAE JdeEdE T AAE ZaE
9 RE FHA AHRE swapping FE P=124 AH=
ok 1Y 1b)e Aol 32 A=A FX I

ehim £ nmabd Alolel Qe FAzle AEt 8
P=124 A2 J&gdch O¥ 1loe 9 2xE g3}
ALEH BE FAXT) e &F P=05EXN M2 AR
@} 2P 10)S 2 TFY mRe gF AL ol
u} Ackley[11], Syswerda[12], Spears[13]5-° <23l A7
gt} o)t HL ilxH(adaptive crossover)[14]E v Z&F

2
H
o

9,
e
i

£

=

R O



Joumnal of Control, Automation and Systems Engineering, Vol. 3, No. 1,

we wa ol Atk oIS ofelskx mA PUEL E
Mo Fede 23 dor #d @A} dnHez B
Ei FR aAnt el $Fsth el gl st
[2). el #Ao] et @3 = 2 st o U
& FE T ol @ A%elt HA ;A SBgkol Ak
oA EAsHE A%en Ak AW B oAl
T 19 wAsel el w Ads B,

&

—_ e d el

Vi) Vi) Vi) Viu®

A~
\y”
swap

V) o Vel®

(a) (b) (c)

a8 1. o8 wxpR: (@3E wia, (¥R o
ak, (o)l nat,

Fig. 1. Various crossover techniques: (a) 1-
point crossover, (b) 2-point crossover,
(¢) uniform crossover.

Q17ke] DNASH RNAT EAA 19 l(o9es o o
8 749 wxE 3k RNAE Uracil(U), Ade —nine(A),
Guanine(G), Cytosine(C)olgh= 47121 2] NUE o] Fo|x ¢l
3 DNAS] A$-9l= U4l Thymine(T)2 E33F ] 71
o] NUZ A gojglrt. RNAS #¢ polynucleotide se-
quencet EAFJAHANAM MZ v B F NUZF C-G *
T A-URD Afolwt maE grh B =R o] Ho
Zotste] 19 29 e wd wHHA 9 GAE A 2ol A
Qtata, Aletd #4 wa dnEFS a9 3, 1Y 48 F
3 Ao}

subprocedure PROPOSED UNIFORM CROSSOVER
begin
decide crossover probability randomly;
form nucleotide sequences randomly;
1i=03=0
while i < cross do
begin
while j < nu do
begin
if nucleotide;; and nucleotidei-ij make a nucleotide
pair
then swap the
else
preserve their own information;
i+ L
end
i=i+2
end
end

information between them;

where nucleotide;; : the jth nucleotide of the ith chro-
mosome
cross : number of selected chromosomes to be
crossed over
nu : number of nucleotides in a chromosome
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Fig. 2. A proposed uniform crossover algorithm.
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Fig. 3. A uniform crossover with uniformity 1.
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Fig. 4. A uniform crossover with uniformity 1/2.
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Table 1. Contents of simulation.

Genetic Crossover Mutation Uniformity
Algorithms Probability Probability

GAl(Holland) 1.0 ™M -

GA2(Holland) variable variable -
GA3(Syswerda) 1.0 1™ -
GA4(Syswerda) variable variable -
GA5(Proposed) variable variable 1
GA6(Proposed) vatriable variable 1/2
GA7(Proposed) variable variable 1/4
GA8(Proposed) variable variable 1/8
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Fig. 5. Convergence procedures of each genetic
algorithm for One_Max problem.
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Table 2. Simulation results for One_Max problem.

Methods | Generations | cpu time[him:s] | Best fitnesses
GAl 190.0 00:00:03.84 240.0
GAZ2 715.2 00:00:15.90 2345
GA3 84.3 00:00:01.78 240.0
GA4 959.9 00:00:19.30 2295
GAS5 8.7 00:00:00.21 240.0
GAb6 6.9 00:00:00.10 240.0
GA7 76 00:00:00.11 240.0
GAS 55.0 00:00:01.20 2390
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Fig. 6. Convergence procedures of each genetic
algorithm for Two_Max problem.
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Table 3. Simulation results for Two_Max problem.

Methods | Generations cpu time(h:m:s] Best fitnesses
GAL 1000.0 00:00:20.16 192.0
GA2Z 62.3 00:00:01.33 240.0
GA3 1000.0 00:00:17.42 192.0
GA4 1278 00:00:02.54 240.0
GA5 6.2 00:00:00.10 240.0
GA6 6.7 00:00:00.11 240.0
GA7 76 00:00:00.10 240.0
GAS 87.3 00:00:01.13 2382

=

best fitness

best fitness

a9y 7. FE oAlo] Ao gk 4 GAY ¥
244,

Fig. 7. Convergence procedures of  each
genetic algorithm for a cart control
problem.
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Table 4. Simulation results for a cart control

problem.

Methods Generations cpu time[h:m:s] Best fitnesses
GA1l 834 00:06:47.04 161.36
GA2 539 00:02:50.94 200.00
GA3 1884 00:28:50.49 113.33
GA4 54.0 00:03:08.48 193.50
GA5 40.0 00:01:57.98 200.00
GA6 36.0 00:01:43.45 200.00
GA7 280 00:01:00.27 200.00
GAS8 540 00:01:52.79 200.00

ZAE Ausgnt. 2n Agd guaEde] uwdgit
o 2AME Syswerda®l ¥ AMNES zte GA 2 o
T wxAe] GAE JE3H L o] 59 swapping &L
£ 0252 3o ol59 FEAAQ swapping FEF 05 %
1.0% t24 st GAY A%H 7 MultiMax <Al
Z47ke] GAE H&3ld olgo] FHAg FHI}E S
R E Fa o]FoHct zElu Aetd g Fol A
mzte] #AdErt dmelFe Al WA ¥ AR
7 S AL L 12 13 14 189 oA 79 A4S
2 YoM AEHNAL 585t t). Syswerdad GAS
el x madae] GAdl WaiME mA &EFe] 10, &
Aol FFEgol I/Me| HZE 891, Multi_Max 4}l
ek A Edold HEe qokstd ¥ 59 o

ANEHlAA MARGY A& 5002 Y, At
daglFe| WA FEgS 07 1 Aol A ejn Eduio]
FE4S 00017 O1AlelolM st ® siycl, aeln
Ao 500472 2EE A FH

February, 1997 57

Algd ol Aol A A= Multi MaxZ 4 1003 #th o]
A E FolR FHAM (109 Hdighg e HoT,
aeisfel S5 HHHH SA

Ax)=xsin(10zx) +1.0 forx=[0..4] (10)

¥ 5 AlE#H oA Ul&.
Table 5. Contents of simulation.

Gengtic Crosso'v.er Mutat‘%o_n Swap_ Uniformity
Algorithms Probability | Probability | Probability
GA9(Syswerda) L0 ™M 0.25 -
GA10(Multipoint) 1.0 1™ 0.25 -
GA1l(Multipoint) 10 ™M 0.25 -
GAI12(Proposed) | variable variable 0.25 1
GA13(Proposed) | variable variable 0.25 172
GAl14(Proposed) | variable variable 0.25 1/3
GA15(Proposed) | variable variable 0.25 1/4
GA16(Proposed) | variable variable 0.25 1/8
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Table 6. Simulation results for a Multi_Max problem.

Methods | Generations |cpu timelhimis]| & o best success/trial
fitnesses

GA9 193.4 00:00:05.04 4.8201324 16/20
GAI10 92.0 00:00:02.51 48401319 19/20
GAll 88.4 00:00:02.68 48401319 19/20
GA12 148.8 00:00:04.55 4.8301274 17/20
GA13 75.0 00:00:02.15 4.8401319 19/20
GAl4 589 00:00:01.68 48501315 20/20
GAlS 974 00:00:02.74 4.8401319 19/20
GAl6 161.55 00:00:04.56 4.8001334 15/20
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(b)

29 8 MultiMax Z#e 3 4 GA ¥

4.

Fig. 8. Convergence procedures of each
genetic algorithm for a Multi_Max
problemn.
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Fig. A-1. A configuration of a cart control system
with an inverted pole.
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¥ A2 e BRI,
Fig. A-2. Partitions for classifying state variables.
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