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Abstract

In this research, I propose a framework called GAROP (A Genetic Algorithms frame-
work for Running On Parallel environments). In the GAROP, the logical model of genetic
algorithms (GA) is executed on various parallel environments. In addition, I evaluate
libraries to achieve the GAROP in terms of parallelization performance and productivity.
High programming skill is required to use parallel environments. To solve this problem,
administrators of parallel environments implement a system which calculates an evaluation
value corresponding to gene about target optimization problems. Developers of GA can
execute any GA without involving parallel processing to construct GA with the method
of GAROP. I introduce the concept of the Individual Pool as a method for achieving
GAROP. The Individual Pool consists of three queues. Libraries for it are implemented
for windows clusters with C#, multi-core CPUs with C and GPUs with CUDA. T discuss
on descriptions of source code and the execution time about GAs consisted of the libraries.
As a result, developers of GAs can reduce the execution time with adding 4 descriptions

on these parallel environments.
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AR X 912, GPUZEZHWET vl I I 2BV TA Ly R, HHAETY ORT A —2 33k
WICEETHSH. LL, CUDARIE GPU I A=V a VIZT —F T 7 F vy N0, KRN T
A—=ZEFET D, Fo, AHRLHILWT —F 77 F ¥ N85+ 5 LIS, GAROP TiE, H
W5 GPU O AFINCIAG L, ALV Yy FERET D, £/, =7 —FXAE ) ORE LM
(K7 =T throw SHDEEKS A Xinb v =7 — RAE Y OFEAAGZHBI L, ARG A T
YT — FAE VKT -2 2 RET 5.

GPU %< A a7 kb, CPU L1322 A€ U fEHREZ R0 A€V WHFHERE CHD.



GPU HH® GAROP 74 77 V%, Fig. 11133 X512, CPU RIZGA ZFETTHAAL ALy R
By, SHIERT—LEHERT S F2—, F2—F2EHTLH 72 1L v K2 CPU LICIFEET 5.
YT ALy R, Throw ¥ = —IZ/AET 22 TOEKE —EIZ GPU ~(ET 5. ZOHEE, Aif
Tk Rz~ /LF a7 CPU L, CPU & GPU MO@EEEA DL, AT VB THRER
A
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5 GAROP OEE{f

ARETIE, #7252 GAROP 74 77 VAL TGA #F47L, TOFMi%FT 5. Table 2, 3,
AR D Windows 7 7 A%, ~/F a7 CPU, GPU % Tl &R 5 24T RERM
DA —F VT 4 ZWarT 5. Z LT, 3O0REICBITILIA T T VMO0 75 I 73
S K OSHEE A BRI OWTHERR T 5. 7235, GPU X Table 3 IR~ v NI IN TN D.

5.1 A EREOFRADE

EEfERS & LT, GBI T 2EZTRHOAR =7 ) 7 4 ZhiEEd 5. GAROP 71475
Vi, HOSBREICEDE THEMT 2EROKE BERICIRET 5. AFBRTIL, F2HEO LM 2 b
WY O OMHERBAZEE L, HRREZAMATETWD Z L 2R d 5.

5.1.1 Windows 7 5 X4

Table 5 |Z/RT /37 A —X THEIT L72 SGA OFEITHRERH], BLO 2 — REARRC3 5 M B3
# Fig. 12”77, IR L —T7 7o LTHER LI, — ROETHY, el IEITRH 3
FORHEM ERTHD. EMEITI N7V vy Frsy b= P (Hybrid Rocket Engine: HRE)
WA A B E 1D 2R L=, SRFAWEERE T, 1 EEOFEIC 2RI 19.33 7
THY, SGA DELIED 5 H 99 % LA EOMIRIF# Z 5 Tz, Fig. 12 £V, FHE  — RO#MmC
D AT O MM MR C& 2. LavL, AR ERICEAL T, 16 / — F&EH L2562/ 13
I EDRER o7, T ,ﬁ%/—Pmﬂ%K%ﬁéx#y;~)/7%%Eﬁ¢,vx&
J—FRD 1ALy RCEEOREZEEITR-> TNDHTwD, 7T AXNITIFET 2 i EEIROZE R A
FAELTWDLEDEEEZLND.

5.1.2 <JLF37 CPU

Table 6 (2R /3T XA —Z TIHFIT L7 SGA OFEITHH], BIO1 AL —7 2 by MERRHI S
L E R ER A Fig, 131277, ffliI AL —7 L L THERA LAV Y ROKTHY, HelhiiaEsT
e KON B3R TH S, RGMEIE 1-max MBETH 5, KFHREZ T 5 72 12 BEL
eEREZITOE . SREHWEERE T 1 EEOFERIZ 220 2 REIEK 7 msec TH Y, LD 5
H 99 % LA EOMERRE# A Tz, Fig. 13 K0, AL —T7 ALy RN TETIEAL—T ALy
REOBEIMAE > EITR B OBEMAHE TE /2. L L, AL—T ALy RN 8 OGAILFA TR
NELSRDFERE o7, ZHUE, Table 3ITR-T X951, fEH LI~ v OmBEaTHN 8 OTH
HZEICERTLEEX OIS, 42 FWITRTHIETIE, 1OOA Ly RidwAZ L LTGA ZFT
T2, AL—T ALy REZ8DIZLISGE, ALy FEIZI LRV a Y B My 5. £

D=, WER EMEHLIZEEZ DD,

5.1.3 GPU

Table 6 |[Z/RT /3T A —&Z THEIT L7z SGA DETHHH], LT 1CUDA A Ly NEMHFRHIX 2
W ERE Fig. 141273, Bifilld CUDA 2 Ly RETH Y, #ibdh I 21T 36 K OSEE ) =R
ThbH. RMEBEIT5.1.2 IR Lz I-max FIEZ A L7, Fig. 14 XV, 64D CUDA AL v K
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R LB AT DN RS e o 72 F£ 72, 2~8, 10, 11, 13, 16, 22, 320 CUDA XL v F
BedENm ELTEY, ZOMo CUDA ALy FECIIBENFE L TV D Z L AR TE 2.

5.2 70D77-L\FIE g&ﬁfﬂ‘]i#

GAROP 7477V %fﬁﬁﬁ L CHESE L7 SGA O m EA 1 R & lIIGEES 5. F72, B
FATT 0 7T MR TER, ERTL57 077 Ak 23T 5.

List. 4, List. 5, 38X List. 6 IZZ£ 4 Windows 7 7 A%, w/LF a7 CPU, BLUIGPU R

BErHnwiGEalica— L LRk LY —RAa— R&/pRd. £EH, initialize, throw, get, 3
& DM finalize %?ﬁ%ﬁﬁﬂ?‘é DHTFITTEDHZ L 2R TE 2. Fig. 1512y 7 arFThiz 1
ELTeSE D, GAROP 74 77V & W HFATREOEEE M) 344, R L LT, Windows
7T AZTIL16 /— REHT13.071%, ~VvF=27 CPUTIET7T ALy RMEHTS.25#%, GPU Tix
64CUDA A L KT 2.94 503 E W\ L3R TE 7. List. 4, List. 5, List. 6 33X W Fig. 15 £V,

BIRT 1 77 I b (R OFLIR T EITREM O FEME MR T E 7.
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6 A

ARETIE, b ETHLNHERICHT D ER L MEFTT 5. Windows 7 7 A # B L~ /LF =27 CPU
HOWTRERIE, ERHEREICK U CIATREMDIES I A — U 7 LTz, £, GPUIC
BA L CREROMEST 21T 9. £72, GAROP 2G4 L7z GAICBEL T, EfEre7 3y X uz [
WCEBRMIZEET 5.

6.1 CUDA XL v FHIZHT HRER LER

5. 1.3 HIZTHOLNTRERIL, GPU N 25T HEHICKFT 5 &2 bhsd. 1CUDA ALy
RS LB Z G925 720, RHEY A X8 64 OB4, 10 EETIX 7 BOMTEIT, 31 EERTIX
3EOMmBEME LTS, Fig. 16 12 CUDA A Ly ROBKIZEE D GPU ~O i EEz 9. Al
CUDA A L v F#, ftiImamEscdhsd. Fig. 16 LY, Fig. 14 OFTRM EXIG L TWDH Z &
WHERTE 5. £72, GPU ~O 1 [HDmn TLIET HEEE (CUDA ALy R) & FATRE# OB
%% Fig. 17T\, 5 THEMA L2 GPU L 448 27 2 H L T\ D12, —EIZHHE &8 5 ik
BR1~64 DENTH> THRBFRITE D L2, KoT, BRAE I TEHRU T OEEREEZ LS5
BAITIE, GPU ~OffHEIC & » TREB S IET 5 & faft i o ns.

6.2 GAROP ZHUL\f- GA O—i&&t

5.2 HilCBWT GAROP OARMEZTER L7228, 6.1 8 TEZE L L 912 GPU O & 5 L& ERE
T CIIEARELL EOWHIMEREZ /RT 2 EIXTEX 20, AEHITIE, GAROP % AW EIRELL E o5
PEREZ RO GA IZ DWW TR 7 L Y XA ZEtd 5. BALREHY 72V OERREEIZEI L C,
FAET A M E T GAROP O % it 5.

6.2.1 IY— MEKDEEZEZRAL-GAROP A GA

GAROP #AFIHT 5 GA OifiiLE Algorithm 112”7 FHMBFHEZITHBE, $72b b Get Fa—
AR Z G T HERC, Get & = — T S TO B MEEREA 0 72 HIET U — MEKOUTEE K %
TGRS D, D%, BERLUIOEHEEEZ RS L, =V — MEAE X D FHmESEWEAEL, =
U— MEEZEHT L. K7 AITY XATIE, BRRFHEERICHE Loz icx 5. 2
W E > TRV FHMEDOEWVEARS Y — MZ2 57207 T <, = U — MEKREZ ORI L2 %
R TEDLEDIL, KBMOBEPRELLMETS.

6.2.2 BE{FE=1-Y OFRRAR

Table 4127”54 GPU ZHWC, #id L7z GA OBAZIFH]Y 72 ) ORI SOV TR+ 5. Xt
G E LT, faif{b7 A MU TH 5 Rastrign, Rosenbrock, Griewank, Ridge, 334U Schwefel
Bz v s, SBEE 2% 325, GA D/RT A—F % Table TITRT.

BRI R LT, REMEAZERIZ T DRPRR N Z Fig. 18~22 1Z/" 9. Al IaGt£2% 1, #t
HIRRGTAER 2 TH Y, AORRKITGHIEEZERL TWD. £z, BOADNEERRATH L. EOfE

HIBIRFATO SGA LHARTEL OFIRARER L TWD Z VMR TE 5. £/, HAIRFMYM7ZY
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7 fEEm

AL T, BEHTAVIY ZLAOOOWILE T L — LT —27 GAROP Z#E L TW\5.
GAROP (Z=2—V DWW HFEEICBT 2 A AL, 7—F7 7 F v ZMblenr 3 X AORR%
BT HT V=L T =7 ThDH. 22— LWIE L AT L DA F—T 2 — R & UTEKRT—
NOBEEEEANTHZ LT, WELBEEOS— =T v 7O AE ) BEREET G b E = — 50 5k
Tx5.

FxlL, GAROP ODE X2 % FBT 572D T4 77V Z/ER L T\W5. WHIEHEERER L OMEA
SrnlCBRR <, BB AR T 5 2 & TEEK T — L oEEE FEEL L TWD. Windows 7 7
AH, < )F a7 CPU, BLUGPU ESE% GAROP IZESWCHIAT 2720074 77 U RNHE
SNTN5.

GAROP 74 77 UV M\ GA %, L3 SOBRE Cilli L7=. Windows 7 7 A X EREETIX, %
MO0 E > TH D HRE &kt b, ~ A9 27 CPU B IO GPU BB T, 7 A Mil#
®D 1-max MEEZHW, 7477V HWTHEZE L7 SCGA Lkl L7-. #EE L LT, Windows 7 7
AHTIE13.07 1%, ~/AF =27 CPU TIL5.251%, GPU TiX2.94 50O#E M LA R L7z, O
DaA—7 4 ZITFHEFH R OB A T A 77 UV ERICEE MR 5 DB THY, BRI w77 5L
FF%, T72bbI BRI 25tk 2 2 < ATb ke h o7z, FEERZREAl, ks B e Lignha—
T4 7 TWHEHREEREE A AV, N EAFEBT 5 GAROP 74 77 VIIFICEHThL L&
ZHiD.

F72, GAROP FIMICBT 2MEtE LT, =V — MRS ZFHAIAA TS SGA & GAROP (21> T
FATL, BitLiz, B LRl AR T L TR LT, v A¥ Tt v FICERRN T 8T
U — MEEROECHEAR AT 5, &V E#ENReT7 LI ) XA THD. 20O GA Z AW Tt 7
A NEEE NS, GPU L CIRBEALRFFYS 720 128 96 5 OERZ i CEX 5 2 L 2 il L7-.
i, BEVA XU EOHEERE AR LR, GA OFHMRICE T 2R BMORER X
WMEHEMEZ M ESE2Z L A2/RL TV,
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Table 1 API of GAROP.

Name Function

initialize | initialize parallel resources and create individual pool.
throw | throw an individual to individual pool.
get | get an evaluated individual from individual pool.
finalize | disconnect parallel resources and free memories for individual pool.
get_queue_num | get number of data in the get queue.

clear_pool | eliminate individuals in all queues.

Table 2 Specification of windows cluster.

OS Windows Server 2008 HPC Edition
memory [GB] 8
processor AMD Opteron 2356 x 2
clock rate [GHz] 2.30
number of nodes 16

Table 3 Specification of machine with multi-core CPU.

0OS Debian 5.0.10

memory [GB] 6
processor Intel Xeon W3530 x 2

clock rate [GHz] 2.80
number of logical cores 8

Table 4 Specification of GPU.

architecture Tesla C2050
global memory [GB] 2.68
number of multiprocessors 14
number of cores 448
clock rate [GHz] 1.15
Table 5 Parameter of SGA Table 7 Parameter of ga
solving the conceptual de- Table 6 Parameter of SGA with GAROP.
sign optimaization problem of solving the 1-max problem. population size 40
HRE. population size 64 chromosome length | 20
population size 64 chromosome length | 64 Evaluation time
chromosome length | 41 max generation 100 [msec] 25
max generation 32 max generation 50
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List. 1 Simple GA with the GAROP (pseudo code).

population = InitPopulation();
Initialize(); // initialization of framework
FOR j = 0 to gemneration limit DO
FOR i = 0 to population num DO
// throw individuals to GA Pool
Throw( population[il] );
ENDFOR
FOR
// get individuals from GA Pool
Get( population[i] );
ENDFOR
selection( population );
crossover( population );
mutation( population );
ENDFOR

Finalize(); // finalization of framework

List. 2 Island model GA with the GAROP (pseudo code).

populationl = InitPopulation();
population2 = InitPopulation();
Initialize(); // initialization of framework
FOR j = 0 to gemneration limit DO
FOR i = 0 to population num DO
// throw individuals to GA Pool
Throw( populationi[i] );
Throw( population2[i] );
ENDFOR
FOR
// get individuals from GA Pool
Get( populationi[i] );
Get( population2[il] );
ENDFOR
selection( populationl );
selection( population2 );
crossover( populationl );
crossover( population2 );
mutation( populationl );
mutation( population2 );
IF j % 10 == 0 THEN
migration()
ENDIF
ENDFOR

Finalize(); // finalization of framework

List. 3 Template of evaluation function on C language.

void evaluate(
unsigned char* indata,
unsigned char* retdata,
unsigned char** parameter

)
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List. 4 Source code by users with the windows cluster environment.

Individual[] population = InitPopulation();
// initialization of GAROP
GAROP g = new GAROP();
for( j = 0; j < generation_limit; j++ ) {
for( i = 0; i < population_size; i++ )
// throw individuals to Individual Pool
g.Throw( population[i] );
for( i = 0; i < population_size; i++ )
// get individuals from Individual Pool
g.Get( population[il] );
selection( population );
crossover( population );
mutation( population );
}
g.Finalize(); // finalization of GAROP

List. 5 Source code by users with the multi-core CPU environment.

Individual[] population = InitPopulation();
// initialization of GAROP
Initialize( sizeof(Individual) );
for( j = 0; j < generation_limit; j++ ) {
for( i = 0; i < population_size; i++ )
// throw individuals to Individual Pool
Throw( (BYTE*)&population[il );
for( i = 0; i < population_size; i++ )
// get individuals from Individual Pool
Get( (BYTE*)&population[i] );
selection( population );
crossover( population );
mutation( population );
}
Finalize(); // finalization of GAROP

List. 6 Source code by users with the GPU environment.sga-garop.

Individual[] population = InitPopulation();
// initialization of GAROP
Initialize( sizeof(Individual) );
for( j = 0; j < generation_limit; j++ ) {
for( i = 0; i < population_size; i++ )
// throw individuals to Individual Pool
Throw( (BYTE*)&population[il );
for( i = 0; i < population_size; i++ )
// get individuals from Individual Pool
Get( (BYTE*)&population[i] );
selection( population );
crossover( population );
mutation( population );
}
Finalize(); // finalization of GAROP
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Algorithm 1 GAROP #%|H L7= GA

t<=0;
WIHIRHER P(t) % 7 v & BITARK ;
P(t) RO iz B R 7 — LA Xk
EE 7 — /17> & BEEE A X Ol A 2 HUAS
P(t) L=V — MEK E, Z0R1F ;
while & T2 EA8 72 S 720 do
t<=t+1;
P(t—1) & v EEGRIR TN EEREEZ Pt) &35
P(t) lZxf L TR AT S
P(t) 1%t L TR RIME 21T 5
P(t) NOfEARZAABAR 7 — AR %
for i =0 to i < FHEMIY 1 X do
while Get ¥ = —#&fE A% == 0 do
E, OrfE 2 R LT — WG
end while
P(t); \&7—in s 1 BT
1<=1+1;
end for
while Get ¥ = —DO#HE AL > 0 do
N() IZF = b OBHERZ BN
end while
N(t) £ 0=V — MEK B, 2817 ;
if F,.fitness < E,.fitness then
E, < E,;
end if
P(t) DRERE < B, ;
E, < P(t) O BAAG ;
T=NE=I VT

end while
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