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Distributed Genetic Algorithm using Automatic Migration Control

Hyunjung Lee" - Yongchan Na™ - Jinoon Yang™

ABSTRACT

We present a new distributed genetic algorithm that can be used to extract useful information from distributed, large data over the
network. The main idea of the proposed algorithms is to determine how many and which individuals move between subpopulations at each
site adaptively. In addition, we present a method to help individuals from other subpopulations not be weeded out but adapt to the new
subpopulation. We used six data sets from UCI Machine Leaming Repository to compare the performance of our approach with that of the
single, centralized genetic algorithm. As a result, the proposed algorithm produced better performance than the single genetic algorithm in
terms of the classification accuracy with the feature subsets.

Keywords : Genetic Algorithm, Distributed Algorithm, Automatic Migration
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f4 2312]F(Genetic Algorithm, GA)&

g dojHE WEYAS 8 AAA g F4E
whof $l7h 22 dolEE
#9402 oA (Centralized) &

zte] Had|A meisEg Hakd] vls) 2¥ 98 (Overfitting)
o] A}, ayez BA dHolHulolY T B

AEgo A
AY g4 Fel~g ¢12 F(Global Search Heuristic

AZbste W EAHd (Distributed) FEI2 A= B
7 Addgordch, AAs 8 A¥E(Training Accuracy)
¢ Z& 4% 71F 3o AA dlojEd] dE HF FL
vlold A7t A2 AL 7 d¥E + gAY, 2L BE
HolHE T2 &7 Ao U LHI=E ¥ F
Ao mepy g A4 §48dA4 2 F2L H©EEA
%< F Stk A= 23 A9 do]8(Local Data)tte] 2

’d%ﬂlﬂl" gy o gxdyae dudya 29
ﬂ“ﬂ ofg 29l

A AR DMC A2 A2

M 7o) gt ﬁ#ﬁ%‘ﬂ*l’ AR

TAGGAR AFEFS Fag

120094 949 219

1:13F 2000 119 2090, 2 2000 129 284

12010 249 154

{rifciriod . 2

Age

Algorithm) ¥ 3I2M o2 712 HZ3} EA S HEH
o|gtrH2-4]. #d LneF(Distributed GA, DGA)E
AL B3 BRE o= $ASS dstn gy
(Centralized GA, CGA)¢| 43}t 58 & Z3s}7] A 4
ol T, 6-7].

DGAE GAdl Zad 43l v S tjstd o}
ola# el (Migration) 4, o|FAEe =7, °|FAES
A a3 BYE, 122 839 vENI EE2A9

22 mojadeld AAe A% F714 srHES U8
2 @{5]. & =EA= vtejagel M #dE Hetvg
E9] A(Set)& Aosta FAe) n2} AFgHo2 IREY
#g s N2E DGAE Aged

€ =89 Unz FE& ds o] FAL A 2%



158 HEMEI=3=2X B MI17-B H2=(2010.04)

& GA% DGAd tig iZA4 2 £ =84 1 8o
24 ol8d 5 FE M9 dis 1A AP A
3FAE AdE AF vio|aY oA AL o|&% A=
& DGA ¢1gFd 239 $49 SARE Adq dg
AFAQ BAFE @tk Al 436 M e 271 Al Uy
AsS H7137] A8 o2 X AAA dolEdA A%
ANE BolFo vixgtog 538 Q%3 F}F AFd o
3 EE8o® upzlch

2. @@l uy

g ZolAE d¥A £ dndEFs g8 38 fd
guelF agn 53 HE(Feature Selection)d] #a 2w

21 78 d12|E

#4 ¢m2lE&L John Holland[2]o] oj3f 7428 $A4H
g4 wh o] AF ot} ol AejA 2 daeF9 sh
2A, AFAe] Az Aste] AAA “HAAAE"Y U
& UFH o HASlY HAH9 #(Solution)E e s}
4] (Optimization Problem)el F2 ol&¥t}h 4 dxe
Z2 A (Selection), RH(Crossover), &% o](Mutation)2]
gAZ FAHY gtk AdaAdgaE o & AR:E
72+ A4 A (Chromosome)7t A €o] i Megd F 79
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22 7N ¢u2|Ee WY 2YE
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o Z4zte ZE MM BF¥h A7 Z2AMAN FE
MAZE FA, SdH 22 FssA do EF Z2AA
9] §4lol &5z FE AAT Bl 97 A= AA
wge Fi &AL wolIL ¥ FL AL IYE #
ek, #AF 2 vfojaolde] HAeAvEES FA 2
A=t wet deel ¥ A deld sl
gel vlo]ageld 1, o|FAES A, o]FAEY A
¥ A%, MEHZ EEZZA Tl i@ 2Ho] o«7 Ha
ek, 4 WA 2d2 vz 2d(Fine-Grained model)
olgtiE gt o] #AF Rdite g ATl diFe
FEAANTZLZ UAH, 47e Z2AMdE 23 dhie
AA7E ek A9 dzigEat a) Ade 27 o
AAeet Hgo] ek o4& EF wofd o, AHS o]
AANE 7hed 7 A= 22 A% wWE d A=

=)
i
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&
9
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=2
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4)

xol, DGAJIAE wsoladol
< Z2A% ok sted il He Bt

vlo] 1 o|d 3
< 9ouj g},
o]FAEY 4 : e EE AATNN dE FE
AAELZ B A9 AAEES Bz $E AAR
e Abd AR o] glejoksidt

Ag A2 g fA gngdFdMe gutzes A
do] HYPEE 7|Fo2 AHAch B4 FH gae
FAME o]F Al Md 7]Fo] H=7}t AHEE 5 A
oy g gigte g gdgd e F kA de] gl
olg¥t A WA Wy RE AATAA MNAE F
A92 Mdstd dfo]adeld A7l AHolx, F WA
PHE Mg L MAE oA el AR
£ A%l FA g AAMEAE 7188 Fo= A4
A 94 E 59 F ddE FHol Ye U g
FENAZLE &A & 99 HEo| oS vlolz
goldel <u7t Algtd 4 9lit(Noneffect Problem),
THNAESQ As FAolu BE FERgE FrHoes
Y29 8 7H54E 7ldE = U FA= A
Fol 7HE F& AAE vlo|ad oA} 2N ATl
AdF oz F2) f& FEAAZAINN /HMAHA 4%
P43 BE FEE 7|AT F YA FE A ¢
o AL YT F 3, RE BE JAFESe] A
dHor $48 AA9 I8¢ FA B + g
(Conquest Problem).

vfo] 1ol A : wiolaF el Al A7t st
FEAAZAN e FEANTLZ o|FE ZUA
ol EAlE AQAE A€sfopgict ¥ olo] w
2t REAATY 277 TP AT AU FHY

¢ ololzzgo]d Alele] A 7H4

[Algorithm 1] Distributed Genetic Algorithm
1. Generate at random the population P of chromosomes.
2. Divide P into SP,; ..., SPy subpopulations.
3. Define a neighborhood structure for SP,, i=1,..., N
4, For 8P, i=1,..., N,
Execute in parallel the next steps
Apply, during f,, generations, the selection
mechanism and the genetic operators.

Calculate fitness.
Send n,, chromosomes to neighboring
subpopulations.
Receive chromosomes from neighboring
subpopulations.

Until the stop criterion is satisfied.
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WY BE ZIAME 43 4 oj%oE ¥y g
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24 53 M

SRR ol FH(EF) A2 el 9E dlo|
H7l FoAE o, 71 F& 4%E BdF F Jx do
Bo] FE2H%(Subset)E ¥ dlolHZRE Zohhe A&
R0l EAFEITE Hrse PHez EYAHQ
Bt g€ AHESe dEEAS ga gaFe o83
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o9 74 gnFe A4 AT L EYa EE2F
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Aol A dobdg wivich 144 yol7t Frbdd. wlola
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g AAEL FEANTZES HF A8 FF w2t 453
o8 Adgdg. FEAMTEY A% FFEL FZd U
AAEY HYEe] BFd o8 FH=HY REAALY 3
T HPET} 5254 AdHog A3 £F0] F& FEA)
Aoz 5 FE FAE sz, Iy e FA s
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&3t € FEAALY HF AYERY FodNE 95
3 FAE & HYEE 2E AHE o|FFh

AAE dngFe obfe] dueF 20 v} ok
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[Algorithm 2]
DGA using Automatic Control Migration

tvd;; © j th individual in a subpopulation

Alind,) : age of ivd,;

1. Generate at random the population P of individuals.
2. For all individuals #vd, A(ivd) is initialized to 0.

3. Split P into SP,, ..., SP, subpopulations

4. Define a neighborhood structure for

5 For 8F, i=1,..., N,
Execute in parallel the next steps.
5.1 During the fixed number of generations,
Apply the selection mechanism and
the genetic operators.
Calculate fitness.
If vd,; is generated by genetic operators,

Alivd;) = 0;
Alivd, ) ++;

Else

5.2 Select one subpopulation SP, randomly.
For SP,'s neighbor sites,
Perform migration process
If fd immigrates, A(ivd;) = 0;
Until the stop criterion is satisfied.

fA At wvdye FEAAT idl dE jHA AAE 3
2. Flivd;) 7} ivd ¥ A= e & o,
FEAAT i 37 J¥EE Oy 2o

Y. Flivd,;)
AUQ—F(‘S;)=T
AAEL FFF22 o|Fdc (28 DA B o)|F8
shed HE 71E0l HEde RAEY 02 248 AAE
°f #7E FENATY FFEY o & AYEE 2
W ojd Ag= glo] o]FHeh WH @F RY o|Fd:
AAEL 7T FEAAZY HFRoE =X duys
FEAATY BFRG o ¥ AYEE e oz
o thEE FAEA A AEEAY sMe4S ga
A4

S
Assumption: dvg F($1) ~dvg_ F(S:)
@ The directionof Migration: 51— » §
TheConditionof migrants: Vivdy. F(ivdx) = Ave F(S)
@ Thedirectionof Migration: Si- > 8:
TheConditionof migrants: Vivah. dvg_ F(S52) = F(ivdh) = Avg_F(S)
(38 1) Xi= ofo[3jo|M =& Z2MA
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2 & o|B Ho]2E5F7](Naive Bayes Classifier, NB)[10]
€ o] &3

715 370 dlolg wholyd Y AL E0]Ql WEKA3S
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42 Hjo[gf M3t m2jo|g HY
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Spambase 57 2 4601 50 500
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E F 93, DGAY dadE ot 7HA A$-E BHoFEr.
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(Z 2) CGA2t DGAAIO|2| 27 F&txe| Hln

CGA DGA without aging
glo|H 4l - test
training test
best average
Spambase 89.88 89.67 89.29 (-) 8268
Waveform 82.56 8175 82.80 (+) 80.78
Segment 83.84 88.42 89.15 (+) 85.48
Splice 93.02 8749 8954 (+) 86.63
Optdigits 92.17 91.17 91.52 (+) 88.15
HOR Ml | o 9267 | @51 () | 9159
feature

DGA using aging

age_weight=0.3 age_weight=0.7
Dataset
test test
best average best average
Spambase 88.85 (-) 82.19 89.07 (-) 8313
Waveform 82.34 (+) 80.86 8267 (+) 81.17
Segment 89.59 (+) 85.65 89.15 (+) 86.60
Splice 90.56 (+) 87.11 90.15 (+) 86.57
Optdigits 90.92 (-) 87.87 90.83 (-) 8831
HDR Multi "
e 92.67 (~) 91.59 92.67 (~) 91.66
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PJAGE 7R o|FE AASY] dEe olFd= MA
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A9 AAE A EEZZX(Topology)s AT dubzo
2 #4d 2E Ao|EE AZ(Fully Connected)dts

FYoNM BE AC|EE BHSE AO|EE Fojof dv
A9 "] ge] vy FFe e Add 4 EER
AE AHEE olfr= F9 olxwE ] o] A
2 oo gz FUol #Hel AlEE HAGNA UotE H
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o] &S ¥ F 3tk

(& 4) 71Z DGA2t X2t DGA EHEx H|m

= Wz =] Ji-o = =5 :
EF BAZ AT 45T AEWUh 53] age_weights 1 DGA Atd DGA
ool e Al
best average best average
(E 3) Zt HAE XMalz BFHA} Spambase 89.07 8234 89.29 (+) 82,68
gENZ Waveform 82.74 8085 | 8280 (+) | 8078
. - — Segment 89.88 Hl | 8915 (-) | 848
AelEA IDGA without DGA using aging Splice 8923 8698 | 8954 (+) | 8663
aging  |age_weight=0.3|age_weight=0.7 Optdigits 91.35 8763 9152 (+) 88.15
Spambase 510 6.38 483 3 ul}.r?R 951 9160 | 951 () | 9159
Waveform 1.26 1.29 0.95 il
segment 3.49 344 1.65
Splice 215 1.66 221 5. d& U 833K
Optdigits 179 202 175
HDR Multi feature| 056 038 0.48 B ERe $AE dogE WEz fdss 44 e
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