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Discussion on Evolutionary Computing on the Computational Grid
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and KEIKO Aort

In this paper, we proposed the "EVOLVE/G” system for developers to construct evolution-
ary computation (EC) system on the computational Grid. The Grid RPC can construct only
the master-slave model of EC. On the other hand, the EVOLVE/G can implement several
types of parallel models of EC. In addition, the EVOLVE/G has a function to cluster the
computational nodes on the Grid. This function enables for developer to describe the hier-
archically computational model. The researchers can try to implement several models of EC
freely. In this paper, the Grid calculation model of Parallel Simulated Annealing using the
Genetic Crossover (PSA/GAc) is developed using the EVOLVE/G. The numerical experiment
has been performed in the real Grid environment. Through this experiment, the effectiveness
of EVOLVE/G is discussed. Consequently, it is shown that the examination of the calculation

model using the EVOLVE/G is effective.

1. FC®HIC

Grid B3 EBICEE T 5 S ERRCHIRER 2
O, Bk - WHIEFEZITO 2 L 2REICT 5.
ZDR, EEHERKL o205 RFEAEOERE
fRYLT BEATE LTI Eh T 52, KT, EED
Grid FAIHEEE - FHFERICBET 2 2L 2550
2251, W ObORBIRENEH I, EREOT
TV — a v kBN T EMTCELEE L s T
5. Grid BEEICBWT, 77V r—v g VEHICH
BT LD ORI RV =7 PR ShTWS
S, FDFEN CGrid RPCICES LV AT LTHSY.
Grid RPCICES L VAT LTI, = llich o
CORABL TBWEEERBE I A 7oV R 54

T B RFERFBR TR
Graduate School of Engineering, Doshisha University
Tt AEERFE T

Department of Engineering, Doshisha University

7 ¥ MU SRBIHIFH T E SR 2R 5.

4 oW EMIE, Grid SHEIREICBWGELETE
ERWERECFEERART LY - Ve T s
TH5H, EYRBERSY a Ty ay A Va—
U VIR, 7 VN EONERETRIRED LS %
BB RIEZ IR L 1201213, BWARRHENLETHY,
ZD1DICH L DFHERFEVSDLEL 2 5. ELFHED
RO 1 DS EBERDD L. ZoREBEAHTS
Z 2T, ELEEITW L o b BT TV & HESE T HE
TH5., EBIEHTIVTY X2 (Genetic Algorithms :
GA)® Zflice b, SAZ—AL—TEFNLY, B
EFNY, AT —FEFND Lo EMFIETINE
AH6NTNn5,

YA OWF)E T MIIZIMFFATIC L BUR S
AL T, WHNIRIC & 2 fRESRME oM ED
PEFEEhDZ B, 227G, Grid FHEEEICBY
TY, EEEOBIZEE 138k 4 238 E 5 & ZRRIC
AL, BEF2ITH 20D THSL, LI LAAS, Grid



RPCICEH DL Y AT LR AW THEE I NI ET
WiL, L OEE, SAY —AV—TETIVIIRE L
na. ThLBOSKET NV ERET L-01F, KL
N)VIRREEIRE R T ALENH VY, ThikEE
BOWREEICE o TKERARL ST 5,

KFWXTIE, Grid FHEREICB Y 5 &LFHHE Y 2
FLRERTLOOFH LY —VEREL, Thi
[EVOLVE/G] &5, EVOLVE/G # VT, b
AEOETNVEBHICHET 5 L TES. HRFIC
EVOLVE/G I%, Crid BEO&R%Z, MHHEDR v b
T — 7 AR ERER LWL D0 F N — FITHET
LR AT 5. BIREIHEERITO DNV E
EHERTHEFTLO.

AL TIE, PSA/GAc (Parallel Simulated An-
nealing using Genetic Crossover)® % fW\C, %
@ Grid FIHEET N EFEET S, PSA/GAcEF 3
7 B ONAEREE T RIREIEE & h 5 E L EaEL
FHETHL, 7V —va AR EREELT,
EVOLVE/G 24RO Grid FHREE TNV 2RETT
LDIHEMRY —VTHEZ & 2HERT 5.

2. GOCA

Grid FHERB 2T TCE 7Y r—v g
YE, AR O OEOMEE L > T D, K
T, ZhE GOCA (Grid Oriented Computing
Application) &M, LATFD & IITEHET 5.

o I HEITE S,

o DEIINIMAFITEOIKERBMRAVD 20D, il

SICEATARECH 5.

o HDHWIL, HESNIATEIIWINEITRRETH 5.

o MTEMIMHEERLEFLLEL LW, £28F

24T D DB,

o HLBEFEMNEMFIATERL>TY, KA}

THEZRMETE 5.

o HLWEIRMZSAIND->TY, ThEEFMFA

L, ERRo GOCA oME D% &z ¥
TIVr—aryThsb, LnLRS, BEEO Grid
RPC Tid GOCA DFZ R ARRICHIEHT Z 21X
L., Z 2 TRBERICBN T, GOCA ofg%
FlEHES Grid I RV =7 & L TEVOLVE/G
ERETS.

3. EVOLVE/G Y AT LA

EVOLVE/G ¥ 25 L%, GOCA %/ Th4 72
ELHEE A SHICTERREICT S Grid I Ry =7

Agent

Worker management,
communication control,
some work and etc.

Get information

- Results
- Data Request,
- System status Instruction
Worker Worker
LN S
Some Work Some Work

Grid Environment

1 EVOLVE/G VAT LOER7—XT 7 F ¥

Super Agent

cluster Worker cluster
Agent
Worker
Worker Worker

cluster ‘Worker cluster

cluster

2 EVOLVE/G Y AT LhDYERT — %57 F %

ThHhsH. B1ICEELK7—FT77F v 2RT.

EVOLVE/G 14 C & Java B Catid &1, Globus
Toolkit ZF|fH9 5. EVOLVE/G i% Worker, Agent
DAYR—=2 Y NOWBEDLENPSRY, THhEE2E
B 0 87— LT, 7TV —a VBsE
1T API 242{t3 %, API X MPI @ Send(), Recv()
BEICBITBY, £arvR—3 v  NEoT — ¥ @
ERETLZMTE5. EVOLVE/G @ Agent I3,
Worker OFEE)REE, —EREHEIC Worker % F =
7 L, Worker I L T & 52720, Worker 25
ERETE LY, Worker R DifE & h/r§ 5%
% YD, Worker IZ Agent DBFHEFICBWT, 27Xk
FHEELET S,

EVOLVE/G 13&A&#)7 Agent, Worker OBE{%%
RL T, ThoZMEMEICTHIENTES. 2
NIZE LD Agent 23, Worker # 7 5 AZ Y V7
TBHILTITD. 2 IAFY v 7ENT5E, o
2 5 A5 T Worker DIFE| 2R/ L T eb oM, F
DD Y T A H TlE Agent DIRENZRI-TZ Lickb.
B2 thzmRd.



2SAFY I, TV - a VERENRD
V=V T TS, Bl &/ — Nt
RAFRI, Ry NT—=2DAN—T 9k, J—F®
FiBgT 29 A N LRI L e pfERENEZEZA LN
5. KR TIE, 75 A7 Y U ZIXEE»OBHNAT
bNDLEIEFEL TD, LU, KRXoE
BRICBOWTIFE T SAF Y V72175,

4. BT ERAWVEEIIVIaL—Fy R
7T==Uvs

BEHRXEACAFI I 2aL—Fy R7=—1
> 27" (Parallel Simulated Annealing using Genetic
Crossover : PSA/GAc)® 1&, WFNTHEEITL T
% SA OFGERIC, GA OARV—¥ Th 5EEH
RXEHNNA TV y RPIVIAYXLTH S,

—fIZ, SA & GARXZThZNIRD & 52 E b
D2rWhbNTWa, SA L, HiRTHEMKEICSH 28
BRIBAITHEITS Z LISk Y ROk &
DR RNVF —RELELPE T O 2%, FEHEL
THIS 5 Z LIk VERBELRIELRRZ 5 & T 5P
EDRECH 5. BHEDIREED S IRIRE L R 54
BULE, BHEORED SIRREBNBEB T 50500 %
HEd 2 ZHEHE, THEOREDN SIROBE L LEKT
50—V 703 ODBBEMRVBLENS, FRE
179, Tbb SA BEORELMEEE IS, £
DFFICERZ BOIFRBLRITS 2 L1k 5.

—7, GA FBREIGHEIG L @0 ko AL
EERDLZENTEL LW, EYoiElt e ke
L 7=TEH 7LV XLTHL., GA TIHEROMHE
hE e LT bk, KBMRERZITOIZ L
MTEL, LPLERMBS, 2 200EREZHAEDYE
TRIRBBORFERE L AR T 5RXANV—F TiE, 5
F GEFEOBERIMTAILNZ L BZ0,

PSA/GAclFZhboRAZ4AENT LD TRENhI:
FNIY XLTHY, PSA ZHOTRHFHERZITY,
GA ORXA NV —F 2 O TREW R 21T Z
EH[RETH 5.

PSA/GAc OBREFIEZE 3 I1TRT.
stepl WHIREAERL, HED SR LMMFNC SA

DIFRZATD.
step2 T=— VU IR dIGET S L, )
WCEATHD SA DS TV F LR RIERT 5.
step3 X7 EML 2 oOEEEE L LT, IXAEML
DOREEHERX 2T, 2 EEROFRERT 5.
stepd BRTITBWT, BEke TEEEZEDER
4 kDS B, FHEOE 2 FEk%ZRINT 5.

Set Initial Parameters
]
[_Generate |

NO

Accept Criterion
Y

ES
Iﬁﬁﬂl
NO
Cooling Criterion
YES

(_Cooling ]

NO R
Genetic Crossover
Criterion

Genetic Crossover

NO
Terminal Criterion

YES
[_End ]

3 PSA/GAc OitEoFHN

steps BIRSN7fBEL Y LIC—EHE d 07 =—
VY TEITD.
stepb K TRMEZETE T, step2~stepd DALIE
ZHEVRT,
5. EVOLVE/G #f\ /= PSA/GAc DFH
BETFIOREK

A#®X TlE, EVOLVE/G ZH T PSA/GAc @
Grid 3fEEFNVERFT 5. REFT5ETVELT,
Basic €7 )V & Hybrid €57 )V%2 %X %. Basic €7 )V
2120 Agent ICK VEHINZZETNVTHY, Hy-
brid EFVIE 2 FESHD Agent I & > T 2 EfBICER
INLETNVTHS.

5.1 Basic 5V

I —fRIIZRETIVE LT, PSA/GAc & BAHICAT
IETIVIERZEND. Tbb, O SA 257
IKHEATL, HE—EAT v THOH%, FSoFLIT2D
DT AEREE, FLWERLLELNREICE >
THEKT 5. 208, IRORXALE T SA 23T
%, KEF)NV%E EVOLVE/C 2 W TETT 585,
B4 I15RT &1, & Worker IZBWTGRIRAYZL SA
ZHEITEE, HE—D Agent ICBW GEBIRE X 21T
ZriZT 5. 2L, 12® Worker iIZBWT 120
SA ZETTSH LY, D SA 2ETSE, Z0
PR ROVBRAZEENRXICSME L Lo
REEPREVEENTHEDT, ThEEATS,

Worker 12 —VDEET AT v THETHK SA



S

i)

4 Basic EFNV

I Goe

g %
Oeee(O O O

ATV, ThAYRT 5 e BREOBRS (RXE4T
fEE) 277 A VICESHL, FREBICASL, £L
T Agent 26 DF =y 7 25, X XEED Agent 1T
ESND, Agent TRX - BIRAKT L, &K
EERINESNTL B2 LT, BENRXOBIELTET
T5. T, RORXXEIE T SA 2175.

Agent 132 —YDAMEET % —ERIFREICE Worker
DF =y 7 Z4TV, Worker T DEIRHIR X & EH
5, LHAL2ARAS, Grid BREIZBWTIZA Worker
DIFRRES NI — T <, BEITL > GER E N
{725 Worker W TL 5 Z e FEINSG, 22T
Agent CiE, F=v 7 OB XAICEREL, o
BERIT R HIREED Worker >SS L 7= {FUEEE T~
TEERL, RXEITHIZ LTS, ZOLIRET
V% Basic EFI)L & LA,

5.2 Hybrid 5L

b 1 oDREETINVE LT, Hybrid €5 )VEE
A5, RKETIVCIIHER D PSA/GAc 2179, 51
FT 1S, % PSA/GAc © Tt ZRICHV T,
BROBRRA LT S8F21TD.

EVOLVE/G 2 iV TY AT LT 58548, =
NI 2BBOET IV L5, KX TIE, Kok
I b7 5 A% D Agent % Super Agent & FES, &
Agent 1% Worker Z&H L, Worker IZBWTHEHD
SA #EITE ¥ 5. & 51T Worker 2 SR E OBREE S
28D, Agent BHITBWGELRMNR X ZEITL, &
B U TERINIZH L WK S % Worker ITRT.
Super Agent I3 Agent ZEHARNICKEIL, Agent 23R
FLTWSAEROBRRELED, Agent I TEIE %
T L DRMANT 5. PSA/GAc 2475 7 5 AF 1,
Super Agent D7 FAHF Y U Ik > THRESI NS,
BRI TIEIhZFETITY, ) — NOFET 594
NERAEIC LRI S eic L, REBRTIES
DD PC I ZRAE NS5 Grid RELZFIHT 5720,

i

E)
[PSAGAC Iil |§| |
[PSAGAC 1O | | O | |

5 Hybrid €5V

Doshisha Univ.

<7 Galley Cluster
'l‘l 100Mbps Internet

iyl
Gregor Cluster I.m.“

Osaka Sangyo Univ.

Pav
—

Moon Cluster

6 SEBRBRE

3DDI FAFIIHINT, TNENMPSA/GAc &
FTT LI b,

6. EBRER

6.1 RERRIBE

FERRTIT, FSHERZEAERRYE > 7 —ICRES D
Tnb 22D PC I ITAY & RIREFERFIREIN
TWBPCOUIAF BNV, H£PC I TAIDANRY
IR 1L OBEYTHY, OS & LT Linux ZHNT
Wb, TNENDT FAF DS~ T oA 2T T
Globus & MPICH 284 Y A h—LEhTEY, £7T
D) — FT Java EATEREMPFIATE 5. B 6I1TRT
BY, FLEMICHS Galley & Gregor I& 100Mbps
DXy NT =7 THRIFNTHSEDITHL, Galley &
Moon & % W& Gregor & Moon 134 ¥ —%* v M &
AL TERSh TS, ERFIEOS—hT=Af<
VDX y NT—Z - AN—Ty R 2ITRT.

DFISRTERICBW T, Galley D7 — b7 = A
2T UITBWT Agent #EITL, Galley Ofti 8 ) —
K& Gregor ® 12 J— R, ZL T Moon ® 4 /) —FR
ZHWTEF 24 @l Worker 28470 7=.

6.2 A UNRIEOIGEETARE

AREERTH, MRS DEET ST 3V X Bz H
W, Zhri/MET 52 itk ¥ U NI E DK
&L THT 5 L W) REEZNGRREREE L TRV i
& L7z Met-enkephalin 1%, Tyr-Gly-Gly-Phe-Met
D5 EENS2 D TINIRD Y YN IETHS. 2



£1 HWEPCZ52%

Site Cluster name System

Doshisha Univ. Galley Pentium III (1.1GHz), 1CPU
Pentium IIT (850MHz), 8CPU

Doshisha Univ. Gregor Pentium IIT (1GHz), 64CPU

Osaka Sangyo Univ. Moon

Pentium 4 (1.7GHz), 8CPU

Installed Software: Globus Toolkit 1.1.4, Sun JDK 1.4.0, MPICH 1.2.3

£2 2V—Fv bofllE

Network Thruput

Message size 1KB Message size 1MB

Galley—Gregor | 10.95 [MB/sec] 11.21 [MB/sec]

Galley—-Moon 107.7 [KB/sec] 92.12 [KB/sec]|

*®3 TXNVF-FHEIET S0

Cluster | 1 step [sec] | 192 step [sec]
Galley 0.215 41.4
Gregor 0.173 33.2
Moon 0.109 20.9
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Number of SAs on each node 16

Initial temperature 2.0 (1000K)
Last temperature 0.10 (50K)
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