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Implementation of GA Processor with Multiple Operators,
Based on Subpopulation Architecture

HMOE 8- 8 mE R”
(Min-Sok Cho - Duck-Jin Chung)

Abstract - In this paper, we proposed a hardware-oriented Genetic Algorithm Processor(GAP) based on subpopulation
architecture for high-performance convergence and reducing computation time. The proposed architecture was applied to
enhancing population diversity for correspondence to premature convergence. In addition, the crossover operator selection

and linear ranking subpop selection were newly employed for efficient exploration. As stochastic search space selection

through linear ranking and suitable genetic operator selection with respect to the convergence state of each
subpopulation was used, the elapsed time of searching optimal solution was shortened. In the experiments, the
computation speed was increased by over 10% compared to survival-based GA and Modified-tournament GA. Especially,
increased by over 20% in the multi-modal function. The proposed Subpop GA processor was implemented on FPGA

device APEX EP20K600EBC652-3 of AGENT 2000 design kit.
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Procedure Subpop GA( )
Begin
-- Initialize Population and Best and Sub_best
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Sub_num = 2%; Subpop_size = N/ Sub_num;
For i = 0 to Sub_num -1 do
For j = 0 to Subpop_size do
Chrom = tag(i) & Random{(Nchrom-tag);
Fitness = Fitness (Chrom);
Population(ixSubpop_size+j)=Chrom&Fitness;
If Sub_best_fit(i) < Fitness then
Sub_best(i) = Chrom & Fitness;
End if;
End For;
If Best_fit < Sub_best_fit(i) then
Best = Sub_best(i);
End if;
End For;
-- Start Genetic Algorithm
While evalution(Best_chrom) do
Rank = Ranking(Sub_best, Sub_num);
Sel_pop = Linear_rank(Rank, Nmax);
-- Select chromosomes and decide the parent_A,B
Space = Sel_pop X Subpop_size;
Chrom_A = select(Population(Space+RNG(Nsubpop_size) );
Chrom_B = Select(Population(Space+RNG(Nsyubpop._size))s
Parent_A = Max. of Fit (chrom_A, chrom_B);
Parent_B = previous Parent_A(Sel_pop);

Worse_addr = Min. of Fit (chrom_Aagar, chrom_Aadar);

Worse_fit = Min. of Fit (chrom_A_fit, chrom_B_fit);
Worse_data = Worse_addr concat Worse_fit;

—-Crossover and Mutation and evaluate a fitness
Offspring(A,B)
= Crossover(Parent_A Parent_B,Rank{(Sel_pop));
Offspring(A,B)
= Mutation(offspring(A,B),Rank(Sel_pop));
Offspring_fit(A,B) = Fitness(offspring(A,B));
~- Update a population after accept data from other GA
New_chrom = Max. of Fitness(offspring_fit(A,B))
Migr_out = Max. of Fitness (New_chrom, Sel_pop);
Migr_chrom_in = Migrator(other GA, Sel_pop);
If New_chrom_fit > Worse_fit then
If New_chrom_fit > Migr_chrom_in_fit
then Population(Worse_adrs) = New_chrom;
Else Population{Worse_adrs) = Migr_chrom_in;
_End if;
Else
If Worse_fit > Migr_chrom_in_fit
then Population(Worse_adrs) = Worse_data;
Else Population(worse_adrs) = Migr_chrom_in;
End if;
End if;

-~ Update Best & Sub_best
If New_chrom_fit > Sub_best(Sel_pop)

then Sub_best(Sel_pop) = New_chrom;
End if;

If New_chrom_fit > Best_chrom_fit
then Best_chrom = New_chrom;

End if;

End While;
End Procedure;

299



BEB@IH X 520% 58 2003%F 58
26 Hatx: gt AU

E2) 3+ (object function) & HAHA W3} == H43})
stz st v 74 AAY HEEE FHriste 7)o
. a2y EX3EgE g WYE EAvig =27 g
2E A 7T Aol ¥ #E XEE EFEIE @S
A=z ALEEd. oldd HgE IiE B ue
FAR GuFY AFE Hrlse J)FEe] HIE f“‘:}
o Fel A3: FHY Arrt EEFE H¥= I
B E 2o Ef’r\’«’r gl AIZE A= %}

2HFL Ay FHAA HAHE FE Aol BFHom=Z
ERE 5 @.EFE el dME 83 3187 =
of gttt Zejy Az 5o EFEI v A &
28 FY AFHI A AAEHJA Aol E

Aozt

2 AT At ‘_Q? iz dneEe AE F
T 49 Bans = 73—r°ﬂ B A9 Aot &
A3 vebdo. AR 751%?} AGgE e F43)
ot &l (Multimodal function)E& A#®sle H%&
A AA o] &3 Hgx = ol o

251 #58 HM3 24

A WA AEE FHE A O % 2e A7 Yol o
M 0<x<12.1 & 4.1<y<5.8 9 WAANN H5¢ A3
LR

Rx,3) =21.5 + xsinx(dmx) + ysin(20y) (9)

Y 6 sty 23t g
Fig. 6 Mathematical func. (Dejong)

AA AYE 49 ZF(Landscape)d 1Y 6 I} 2L
geoln] e FHAH FEXNHE Ad W dF7] Y
RS Mz Y7 W AN HE Rohyr] ook
FAEE x by 242 1072 x o 98] 18 bitsE y o] ©
SN 13 bitsd) MALolE st AA AS$ & F
& 3lbits® FH3o] APl

2.5.2 SCP (Set covering Problem:32x63)

F A e s A 48 289 JHIEAZA
dutdg o g A Fi= ie] EAEA %E NP &A9
%<9 non-unicost set covering problem[5]°}t}. Set
covering problem< zero-one A rowsE H4 9 nvl &
9] columnsE ©j-83}9] covering & EA ot ol F=
7Y 2AS9, 4 Adule A AA, 29 HU HY
9 boolean B8 t¥E B 22 22 AAHA $LEA
o AgArt

g4 BIES 27l Hskd 1280~127)74¢) minterm
% 992 637019 mintermS ¥ 4 (10) & AME3lo
32X63 el the SCP & Az

Ra,b,c d e fe)=>m(0,2,4,56,7,10,12,17,
18,20, 21,24, 25, 26,27, 28, 34,36,
37,38, 39,40,42,43,44, 49, 50,52,
54,56, 57,60, 65, 67,68,69,70,71,
73,75,81,84,85,87,88,90,91,92,
97,101,102, 103, 104, 108,112, 113,
116,120, 121, 124) (10)

714 rows & 17719 EPI(Essential prime implicant)}
157§ 2] PI(Prime implicant)7} ¥ 7 3 Zo] Hajol #iA
Hoj AL columnse A4 MHE mintermoZ T4 FH o}
en] FH29 Boolean function®2 EE  columnsg
17719 EPIE &= EAoltt AA &
columns& covering 3= 7H'r(6b1ts)9}

cost®] ¥ wrAzE ZAdst E@EHAC

covering & = 3=
e olf HYP=Ee
o] @

a7y 732 x63SCP AT
Fig. 7 32X63 SCP ( Set Covering Problem)

253 48 ¢ 4

goll A AT F b ERl #Bete] B =FdA4 At
d dnF 45S S AFAL AT 2
71E 256, SdWo| &L 50% LT Z] MY Ay AL
2R3 G2 HSY N © 2708 BT ZANE 14, 4
e BETRAME 162 AHgsgon Z2 p@rzE



1, 2, 42 3EE AL Wl & 3 M FEAUES
1003 Age] HAFE vt 2EF2I 27 ME
z} 7t Exploitation® Exploration Ao} 738 zx} g4z &
Ae ARQn EFTERI 4N E ZE 23} AARE A}
|38t

X 3 chd & =t
Table 3 Performance comparison

SENHZ Hsein

between single population and subpopulation

N sy i
e
4]
= [ Direspectble | 49575 0 732 0
T-port/Unfom] 24983 29 2322.4 3
; ’1(2) 2=point/Unform| 2401.2 26 2291.2 30
' * F{~point/Dires:] 2576.6 30 23861 28
3-poirt/Dires. | 2522.7 28 23011 25
2 AT | 2356.2 34 2109.8 36
EE&RZ27F 1AY de 7€ &5 A3 F29 A

‘5‘1‘ 43L& 4 B3 modified-tournament ¢
2 F&E FY&A H0 ol& E¥TEIT YR
2ald Fo 10720% ATl FHAHN o
F Jsdch 89 otver FT FEAYES HE&
200041} ojA A HANE = HF A+ “*"1]’\15 =g
T27 99 Fxo Hga F4dE ARE B2 5 U
th o] AL AAZ &4 EokdM B} & Ao % T
v FEojth vl A 59 ERzst e A B
3}]*1“ o] A% Mo olE BZEIE oEe F YA
9 A dnFe HEAS mEdty EREVE ¥ A

ey W

glo to ulx .Lﬂ..
K:)
nf;i 2

y
O

!

U g nE FAE 3 opet ol

2 AgelA Aot B I dagdEFL 9d AT
A28l modified-tournament ¢ite] &) w)s] zZ+ F A
TEY AL £95 ZAse AN 1 &4 »gE
S 38 5 AASE Agste FEoA FU1EHd 4
AAZEe] AHEE F ot AL dnFFL =iy
FEa7A nEEe] 3 € 2AHA7] W&ol pipeline T

22 °olE B9 39 modified-tournament 4183 ZLZ A
A[710] vls] F71AQ ko] WX dEE HA S

0

VB xE SAHX 2402|E T R2AMA

3.1 Aotst 2t xE GAPS =

2 QoA AGE LETE FAR FnAFE =4
o ARy emAFoE AL £E4 B L &Y 2R
& A% s=solz TANY Astd PPN FunAFL
Adstn Y5 AFHAG,

FA4 d22F Z2ANS BEAA FTAL FEg o))
233 45& BNl mel@ Faelok Bk me &
ATFANE o8 Al AN WRY BE FHE 5%
Aol Bgo olal 2 BESo] sholLetel Mo Fats ol
ASE YASYG. 29 8 £ AXY BEPE §u% @

SHTZ Jute chrls AL RUX LIEE E2MAMe Y

Trans. KIEE. Vol. 52D, No. 5, MAY. 2003

Z2AAMY YR EF theloja@g vehd Aol
Y TxE F8 1149 2§ EE0=2 FAH F
o] 254 o3 715Z ARREe] FdTH 7 &
d%ﬂ% A Fd we Jarssd 285HE A

E}_E.Ei 247‘41 ZZAAME BA AgAe] Fo3

éﬁ‘-,

of rR M of X ki

Memory | ¥ ¥
Multiple Multiple
crossover mutation

Riig_ga

&_'=$’ Best_det ﬂym\] H Imt MUx |«

——
:control signal path

Conitrol.

chrorosome & fitness path

Y 8 Hotst &7 x GAP 2=ctofo{ayy
Fig. 8 Block diagram of subpopulation GA processor

3.2 W2 xal el pipeline *+=2] &
AR gagFe JEHez Ad, 3z ], 3
H= Frtete Aol MEHUA AANE A= FH
g At Utk 474 A9, ZA, EQ¥olE F337] 9
M dx9 47t BastA H0 o F smdojdMe
E93Q dg FA7) BEC g3 Abdo] Fulste] 4t
e 95 F Ut 4 2EL gnEF9 -1-53 o)
wal 94 Ae] BEY Aol Az wa s} e A0
Sg¥oz AYP=od F UEE  pipeline '—r"_-.a o]-§-5}
o A 3E . E3 parallel modified-tournament GAS %
A AAE WY 4 MAESY olF 7)'¥(coarse-grained
parallelism)2 E3 AMNES TUE ME ZT2AMS M=z
e WHoeZ BEETERE AEFoz sty A
F de AAEY ¥ WJ% Hesle Aeg B &Y
F AEE 5t v[7,15]

1m

33% 259 7= o §3

A. Control module

: 2839 pipeline®s < A3 F 11719 39 moduled
Ao)3tE= control signals FAA719 processord Y
Ao 715E FP& @3 2 715EL 9S9 2o,
-Memory interface 7}%

-3t¥ moduleE9 BH 7%

-5 MATE 9 42+ GA operator A ¥ 7%

B. Rng_init module

! CA(Cellular automata)& A}-&ste] 7R e Z7|T¢E& A
Adsle 7l5g FYste FEoZ AEA7 A8k g
28 728 2737} sM5sich



BRBPFMNEE 52D% 5% 2003% 58

C. Rng_select module
: CAE AM23l9 GA operatingoll o] & AT WY 7
AE A 4 U+ memory addressE control module
g3
D. Kng_ga module
: CAE Al83to GA operatingol AHE3tA 2 random
valueE Crossover ¥ Mutation module o A43& 71%
< Fgct
E. Best_det Module
D ARAFe] 27137 A FY "W ME LD F A
Z $A4 /1A Z Control module2 A3l ga3A0e] A
8 FY w= survival-based F3A GugFS 7wte R
A9 AAEY o AFF A&gto] AEFHEE HAAJE
FEozA BE AA F /M AR AAG @A F
2R A F AY=r G SR Alo]Y Aol mE J)
A HE =d 3t 2 B W3l HE 5 UEE A
Huew MA update FH T A -4 AAY o]F T
AL FYPoc. =2 F HFH ZFAAM AT HAY
HE ABAse 75 E Sy
F. Ranker Module

: Best_det moduleclA W% v Az R AHALES
HAA g F3te +HE A3l RS v R A4
A3 F42 d4AE Control moduleE HE3dE 7%
7 Pop_selecto] A3 Ay das ¢HE AFdr)
G. Pop_select
: Ranker moduledl Al A% @& Ztzre] & AT £9
T AFRAZE A9E of &3t CAl 93 random
valueE T3 A4S FYPF F AT AY AHy12]
o2 ZAA&S Control module®Z A43E 7152 3%
t}.
H. Mutiple_crossover module
: 47} (1-point, 2-point, uniform, disrespect) ¥® Iz}
A Foll dA Jgst o] R AMTY A 7
3% Control module?] Alojell & wxt Ails& 33
123
I. Multiple_mutation module
AR AT o] R A= MATY &Hd I =493
o] d4H& Control module®] Aloje] 23] 433},
J. Init_mux module
D AATe] 27130 A8 FY 9 Rng_init moduleZ ¥

H Az A" AAE 2434e] Iy FY 9= GA
operating-2 3% /A E Multiple_mutation moduleZE %
B o} H7t REd AFdE TS FRT

K. FEM module

QARE AAY BAE FPRE PRz uRds
32row, 63column®] minimal cost set covering problemo©j
Egsol glon AeAe) Mde) gat e AHE d5
of 2Ed Ae A% Hrt FF2H AA AFE M=
Z dAHe] stk
L. Memory

g4 F99 dE FEY AATE APk Je R
2 JBA 32bitset AYE 16bitsE Liv] 48bitsE TA5HH

302

AAZY =71 2568
memory S AHE gt}

AH-8-3ke] 256X48 2719 internal

3.4 Prototype

Agd TEFE FAR dnE: T2 MM prototype
< 39 9 oA ol RAA APEX EP20K600EBC652-3
FPGA7} Z#¥ AGENT 2000 Design kiteld T&= A}
AH8-® FPGAE ¢ 600000718 AolE, AFs wad
24320719) 22 249 RAMT ROME & 2048 bitsE
7FA = 15278¢] W v 28 E-Z(Embedded Array Blocks)
o2 FA5 gk

At® T2 AME VHDLE ©]-€3t9 FPGAS 24,3207
9 23 24 F 48%E o83t FHEHIYeH Hd F3
Fa4E 358 MHze 23 &% $33t,

ag 9 2E3x T2 A
Fig. 9 Prototype of subpopulation GA processor

F*HA gn2|F

35 48 o £F

gl ALF I F =3
Quatus2.0 E& °| &3t HA L A gH)A &

ok
off
o)
ol
fo
X
&
=
a
N
2
)

3ot

. Gurran amp. 4 ns
< Next sampie Perlod % 4000 ns

N cqulauion Tima
den 1996 15115159

(b) Measured result of FPGA (HP1660A)
a3 10 Al 8allolMd Haet EXEn vl
Fig. 10 Comparison simulation and measured result



a9 10 9 (@t ="Hel® AEHINAE 7% Aoy
(b)® APEX EP20K600EBC652-3 FPGA®l 4% tj=tele]
sl AA AEFHo) A Fe M =3 B4y
(HP1660A)E %3S =343 dFelrt 4F =& 29 &
E¥E 20MHz, ¥ 7AAFY & 41, EQHENEE 47T %
2 &9

4 2 B

AF7A & wdxe gtz FEAHA Lokl 44
A4S 3 AM2E st=do] AFge BETE FHA g3
PZ& Agste] 2TEGoIz 45 HFsL VHDLE
°o]-g3ta] st=dolz T3

ALY gndFe o)A 2o ws AAT A%
< s AR HE WERIAE WoR 22U F de ALY
2d oA Hop B3g HEEse] g 3 Ad R Al
g BEE F AE THE AU AAHAD. AL
S Z718A] AX AAL S LT 2719 B AALez
el Z+ F iAo 8 4HE e d4d &4
A3y AH9yE AHEst e £8E F AATE A9
w2 A{E FH AAAE AR AA G JgE F
oz A A s P2 AP E TERHLE OF
& 4 gl $HE A AAE AAsE wALS A
2 AAE e A=t 44 AL Ad B2 A
A=k FAHAARE 9 AATY Aol 2HFHAE AA
AE PEe Agdn oF 2l T WY TxE
Agstdeh o HFE 5o ABAY AT =9
&% FA9 9d AAE 729 Modified Tournament GA
B BF 10% o] 438 AdE E58 & U,
3 o8 Fol disiNe 20% ol dE FEE B
ATt

AAZE A HE&E 9% VHDLY & FPGA T&el
goldE sedoldd A% 4 Y& FHY pipeline ¥
parallel "#4& H-§5ted 45 ek

A7Y 422 YnAF TANE A5 A%y e
dolsl FAaAe FA R YN Adst 2= A7
3} €4, Robot Control, 4 % &4, AFH v|d &
of 59 ggd A JH9 HE ¢V A% =7EHN 5
B 8§48 EokE e

> I

dAte 2
2 A7 20029 AGALT AADH Arle A
A FHATH R S&VIEAT FAAlY AL
ojate o]FojF AT EA, FAFAN FA=H YT

daz2d

[1] Michalewicz, Genetic Algorithm + Data Structures=
Evolution Programs, Springer-Verlag, 1995.

BEIE 7ltel chrls ¢ KX gR2E Z2MMe 3

Trans. KIEE. Vol. 52D, No. 5, MAY. 2003

[21 D. E. Goldberg, Genetic Algorithm in search,
Optimization, and Machine Learning, Addison-Wesley,
1989.

[3] K. Dejong, "An analysis of behavior of a class of
genetic adaptive system”, Ph.D Thesis, University of
Michigan, 1975.

[4] J. H. Holland, "Adaptation in Natural and Artificial
Systems”, Univ. of Michigan Préss, Ann Arbor, 1975.

[5] Sandip Sen, "Minimal cost Set Covering using
probabilistic methods”, Proc. 1993 ACM/SIGAPP
Symposium on Applied Computing, pp.157-164, 1993.

(6] Barry Shackleford, Etsuko Okushi et al, "A
High-performance Hardware Implementation of a
Suvival-based Genetic Algorithm”, ICONIP'97, pp
686-691, Nov, 1997.

(7] 1. J. KIM, "Implementation of a High-Performance
Genetic  Algorithm  Processor  for = Hardware
Optimization”, IEICE TRANSACTIONS on Electronics,
Vol E85-C, No.l, pp. 195-203, January 2002.

[8] Frank Vavak, Terence C. Fogarty, "A Comparative
Study of Steady State and Generational Genetic
Algorithms”, Evolutionary Computing, AISB
Workshop, pp 297-304, 1996.

[9] D. Whitley and J. Kauth, "GENITOR: A different
Genetic Algorithm”, In Proceeding of Rocky Mountain
Conference on Artificial Intelligence, 1988. -

[10] W. M. Spears, Evolutionary Algorithms(The Role of
Mutation and Recombination), Springer, 2000.

[111] W. M. Spears, "Simple Subpopulatibn Schemes.”,
Proceedings of the Evolutionary Programming

Conference, pp. 296-307, 1994.

[12] J. E. Baker, "Adaptive Selection Methods for Genetic
Algorithms”,  Proceedings of an  International
Conference on Genetic Algorithms and  their
Application, pp. 101-111, 1985.

[13] D. Whitley, "The GENITOR algorithm and selection
pressure”, ICGA’89, 1989. .

[141 R.A. Watson and JB. Pollack , “Recombination
Without Respect: Schema Combination and Disruption
in Genetic Algorithm Crossover”, Proceedings of the
2000 Genetic and  Evolutionary = Computation
Conference, 2000.

[15] H. Muhlenbein, M. Schomisch and ]J. Born, "The
Parallel Genetic Algorithm as function optimizer”,
Prbceedings of the Fourth International Conference on
Genetic Algorithms, Morgan Kaufmann Publishers,
1991.



BRBFH XL 52D% SR 2003%F 5R

304

A2 7
= o M8 K i8)
2001d Qs AzAFRFEH E4.

2003 5 thetel ARAZFET AAL
Tel: 032-874-1663, Fax:032-864-1664

E-mail: minsok75@dreamwiz.com

o9 N B W

194843 29 8¥A. 19703 A& HAF
3 24, 1984 w©S Utah State
University (4] A (Electrical Eng.) 19884
nj2  Utzh State  University(34h)
(Electrical Eng.) 19893 ~&A] <13l
ARFANFIR AT

Tel: 032-874-1663, Fax:032-864-1664
E-mail: djchung@inha.ac.kr



