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X, kA 2T, %41

(1. EMZEMRKRYE B #Be, Bint210016; 2. PEERAT7 Tk % H 650 T, & 330024)

BT NHUCERMER R RECR, BT —FEET 6 BIIFH|48 (6FLC-MDPFGA: 6 Fuxy Logic Control-
lers-Multi-Deme Parallel Fuxxy Genetic Algorithm) HJH-ATZFEE GG B8 B, FHF) MPI ( Message Passing
Interface) AR T —4 COW (Cluster Of Workstation) #EHE, BB ZEHEE E#fT 7L, @axt
ZHEENIBE, TBRERFIFTSHEOERRMR, B TERERM TS EEENLREMME, S
B T AR SBOEEEN FRBEROARR W, EFREEA SRS N ATTHENRR, KRERTAHH
BRSO R RIS %,

XA JHTRERE; BENENER; HTSH

hES S TP273 XHkARIAE: A

Parameter of Parallel Multi-Deme Fuzzy Genetic Algorithm

LIU Hu', ZHANG Huan-chun', JING Ya-zhi', ZHU Li-li?

(1. College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Hongdu Aviation Industry Group, Nanchang 330024, China)

Abstract: In order to improve efficiency of standard genetic algorithms, a novel parallel multi-deme adaptive Ge-
netic algorithm is proposed based on 6FLC-MDPFGA (6 Fuxy Logic Controllers-Multi-Deme Parallel Fuxxy Ge-
netic Algorithm). One PC-based COW ( Cluster Of Workstation) with MPI ( Message Passing Interface) is
built. Furthermore, the proposed 6FLC-MDPFGA is run on the hardware platform. The experiments put empha-
sis on important parallel parameters of the algorithm, such as migration rates and the frequency of individual mi-
gration. Empirical values and rules of parameter selection are determined conditionally. Moreover, qualitative a-
nalysis is made for different parameters with respect to the different effects on solving results. While illustrating
the feasibility of the proposed algorithm in real-time applications of combinational optimization, simulation results
obtained will help select algorithm parameters of other practical applications.

Key words: parallel genetic algorithm; adaptive fuzzy control; parallel parameters
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HITEMEEREREERRERE, BAENZARZSHENER, XLESHHEEPmIREERRBE
FORSED, Hob, FRERALEL, FPEEME. TBE. SBER. HIMSHSEINSEANEE, T4
HEBEA MMSE, TR RERE AT R N R B RIS R — SRR THE.

EE YT 6 BiliEH|8F (6FLC-MDPFGA6: Fuxy Logic Controllers-Multi-Deme Parallel Fuxxy
Genetic Algorithm) (34T ZFp B BB N BEERE, HHA THREMUTIRITREEZ (TSP: Traveling
Salesman Problem) M4 &4k, #F COW (Cluster Of Workstation) FERERLIIKMAF G F X BREE
HEMAA —-ENRE T AR $XTEOHT MM EREST T REZR, AR TETH
BEHA B N ] AOHURLBE AT B B S B X R B R L ReRMEm, T RBUHE XS H %
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BEWMAB: LA EMBIIRERITE (K1603060319) )

B/ XL (1974— ), B, BEAXTVA, BEEMSMAKE TR, M EfTE, FEAREEMA . SNEmAaREE
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BRERE, HiEREHMMRE, XBEEREMEA X ZHIHERERMN, 40 FMIEaRFEN
MR T MBS
1 F ey 4T84 ok

FMRK (master-slave) MEFZENHRLRHER, XFER Y, FEFEFRS S EH#TEE. XX,
AR, K AENEAEI RIS FHITIHITHE, RAERF—IREE, S0 MEER IR
fhMEBATRE RS, EFMMEZR2RAN, HIRS2ER, 5EHA, RE T H1T GA (Genetic Al-
gorithm) MR E, —MESENEITER LHMITE KRB EZHEE. B3NN %R Al
M, ZRMEHBFNEEREE, HERE. AT RABAYE, STRAERK.

BLRIEE (coarse-grain) #{EE ¥ XFRINEG ™) (island-based model) #ERY, £ H FiN FAE) FI3E KL
HBGRMIHATE . XFER R FBEE LML BIGH TR, WARNRERE . & FRBERER0S
gL Bk, fE—ERHLREUT, [FIEEE AVF L —E B LR B BUCEF RIS, B
HARHR, IB R AREIBMREES . RAXMTOR AR : B FEREREEAFBL
BAME, HTRBEMSEN, RNESNTHBPERRRMERSE, WimRe sk,

B (fine-grain) MEE B XFR SIMD (Single Instruction Multiple Data) 347 GA, B EFME 4
HIREBH TR, BERESES - MUOHEET EHSR— RO, EF IXRER REHLFLRA
BRESRFHT, BATRUEHFTHEN, E2LBEBRESE ERAETLULHRD, ¥ANEERH
SRR, TREZIZESHORE, REFREDLSHESEBRIE NS, IFEEH
BEIRAMRE, NABEA

ZZEA (multi-layer) O MR ERBERIR —RE BN, ERIKE, EMHYEHTETES
B GA B, SHFEVHE, EERETRRAMHZITESNY CA, EMEMSERE TRl —BRVLFE
MER GA B8, LIHE, BAZREE, REBLMHE. HTHEANSEHENSELN, UZEKX
GA B—FhEEN BB, fﬁﬁ?‘%ﬁ%‘—‘ LM

2 HEEi®
2.1 ATOoRMEFNBSHAERESEE

RIS, BT — RN BERGRIEE M (AGA: Adaptive Genetic Algorithm) '’ B H: %
6 MM I BT — Nk B GA SCHE GA 2% (BN, ®FE, TXHMEMTREE) M aEMEH.

BREREERNALOERMBET S, ALEHRTHANA.
R B A RO R B Py, BB G, MBEZREYE Pocw BB ISUE E

A — _m _ _ f(8) ~fun(g)
Proct TR Posip G Pon = o)
p f(g) —f(g i)
bae = f (8.8 ~i) —fual&:8 - 0)
Kb, m FM 250 L5RBAFBENAEL; ¢ M G250 4R0 & - #REG @ R S0HE B &R H
REERE; £ () RRFERMBETPEERLE; fon () Ff () SHRRERFMBRAFER/NE
BB fo (o5 =) Ffn (-, ) DRERFAFBERAMBR/DENE, B TEENBE LRI

ERA ST, FNEEHRAT — ML LM SRR ER RS N EMAE, B
EMEREWERLSEIE (9],

FEET 6 BMIEHI A ACA sPgBIMIE S 80h, FTA BOMI 2 528 R FHl Mamdani %) 8 A 5040
RS, REBEBBIH =M RN

fi(x) = max[O mm[x c C__:_x]]

c—-¢c ¢ -c

Hep, z REAZHE, c REMAZEREERBMEES, o M SRIFRIT— MG - MREA. U




Fem XU, % AT MR MIR L S 5 631

Ps #1 Gy AHEIARR 3 MBI H 8870 HIX R & P, , P F1 W5 L Pooy B P HHIA R 3 ME
W RS BIXT N & Py, PoFlPso BMIARY N3 REME, EMBERRAREOK, BEE
Wi 2R A L T H AT B R RERERE S, KXHME P, MIERME P, 75A
P, =0.59[WP, + (1 - W)P,] +0.4
P, =0.09[WP, + (1 -W)P,] +0.001, S, =0.9P +1.1

FI, Ps, Gy Fl Ppoy B A [0, 1], Poae MIIEERN [ -1, 1], XEHMARNIBESEHIA S,
M, B}, Wit &P,, P,, P,, P, P, IWMILHE N [0, 1], WP, MEFEN {S, M, B,
VBl , Wit E P, HIESHEN VS, S, M, B}, HittsSHEMNAIESEYRN (S, M, Bl , HFX3
SSHACA £ TR — SRR, R ZEEENEERBMFTEMBFEENBEREERN
SRR EMBEY &,
22 HATSAHAERAREEFTR
2.2.1 FHki&it .

ETEMBEVFEHOERERL, SAEEHITREE, BINEESE, —J7ma] LIRS £ i X8
RSB, X LMRIEFBER SR, BB '
FEEMAMUBEA K, ERE/D, EEMBEFTEE. @
2.2.2 3BiMEEMH

Canta-Paz 11" @3 AR R AL RS, BAMRE
IR RIS BRIV —3; RSk [10] @k
BELRHETEMAINEMNERNERBOREY W, K3
B SRR ENE I BRLRIE T B R ERHAR T8, BT @
B TH&NTFEE, R THEARMZENE, BRKSHEEE
XENE, BROERRS. ETEEWROE REME B, 1 ke ARSI
FEX BEHIAK Cantd-Paz 1+ MESBFIFE & AR EAA, Fig. 1 The deme migration topology of
Hit, AR EHITEE, (U BATE K the proposed algorithm
WSS, RAREHRING K, W 1 iR,

3 MAEZLRHBTHER

CEk [11] REESARNBEREE D FRBP AR MO TBRAMBEARMN 10%2 £, TH
EIRE R S 2 10 R, SEBRMEMET, NVREIBHE, K2, RETBREMZFEEHEE, BT
FEERA R ARt RIS, BRE KN EBMEFSRRKECEE ., FrE HSBUER B E N X LhRRE
FAR GG, NEE LM RS S B0 B A KM, FAEE, R EE& RS E
ENEHEES, XMSEREHTTER, UHRE - LAARIEXHER,
3.1 HAT3MMAERAHRAEGE

MR T B 3 & PC VLA EM/ MK PC 5ERF, EREEMT,

{4 . CPU F%5 & Intel Pentium IE, 733 Mbyte,

NFE: 128 Mbyte,

£ . Realtek RTL8139 (A) PCI Fast Ethernet Adapter 10 Mbyte,

f##&. IBM-DTLA-307030 (30GB, 7200RPM, Ultra-ATA/100),

(4. Windows2000 -4, mpich. nt. 1.2.5, Matlab6.1, VC + +6.0,

o TR A ERDRAE R TR R A . EFSER L, Bk, R Matlab6.0, C+ +6.0 RS4RI
KXELIHATIHE, BIERE.

1) Begin, 2) Broadcast FIERIRTT A FR. 3) Initialize BB EETREE, 4) While gen < MAXGEN,
/ * & FRPBE L #EAT B S DUERIRZ L « /
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- WEAMEERNE ;

- BEE. XX, R, HEH—AMEBENE;

- IF BAEREE TEMERSENEH AL, DO E¥EH;

- IF BERBETIHEMR, DO EHEIBME;

- RREFIBHMMEZSEAHAN R, FHEBCE T SR AME;

« IF R REIEFKAFRE e SERIT;

5) End, :
3.2 SRshitfegir

EFHATEF BN B BN R B RN ERE S, 15 MRTTARITRIEIE (TSP) &RV
HAEF . ENELRIMBIRFELWA UL T AN B &N R ERENE TR GA, L, X8
H AP TSN A& EEES BTG R, XA — TSP [a] & LA T A X8R 28
LR EER

R iR 6FLC-MDPFGA BEMSH . SREEAIE N 300, YK 0.9, EFEEHRH2, K
XBEEHH 0.9, ERMEHNO0.1, L IERBOEIN 100, FRBEHLN 100, & FFAEEOMH 69 E B
H5. ATEFENZSEEOERE, EREH—BREMITRT, RENEHRTHRER 15, BIRE—
IR 4 0 EIBUFAER, AARALEREDL, BRIER 4 NMRTTALTEEMN 4 MER, XHENTKEHRLR
BAEEAERRK. EHRTHASERENRRT, TR RXMNEEMSERNEW, THERHAS
R, TBEHAR,: 5% . 15% . 30% . 50% b, BEBEEIMEXBIROXT LGRS HNE 2a, K 2b,
A 2c, A 2d iR,
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Fig. 2 Results comparison between different migration rates of multi-deme
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1 5t T 2351 30 X Monte Carlo SE5:75 ) 6FLC-MDPFGA 7£ A [A] i # % T YERE 8- H{EXT L,
L5 R BRH 6FLC-MDPFGA iZ1THREREE T B R AWIE K, £ 5% ~30% A RER, BEEH
RUKLEWE NG, 75 50% BT RRMAE X, FATUEY, FHUSHEEFATHBELT, INGEE S,
TR EFTH A AR AN B, (EXHE REE R AE B,
A1 KRR A EF R

Tab. 1 Performance comparison between algorithms with different migration rates

®oO® EBE (%) EfThiE/s T B AR Jm £ Lt HATHOR PR R
37 FGA 0 156. 694 203.015 — — 200
6FLC _ MDPFGA 5 53. 852 205. 687 2. 909 0.969 —
6FLC _ MDPFCA' 15 53.758 208. 188 2.915 0.972 —
6FLC _ MDPFGA 30 53.734 208. 102 2.916 0.972 —
6FLC . MDPFGA 50 54.091 215. 681 2. 896 0. 966 —

EBEREE - EFEENSE, FTEINSTEEREKNER LR RMIEENEHERL, T8
EHR15% , THER G, 44518 1R, S, 104, 15 KR8t HEELMELRIXT SR a5 E
3a, B 3b, B 3c, K 3d P,
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Fig. 3 Results comparisons of different migration gaps between populations
% 2 3| T 23 30 ¥k Monte Carlo 5L 5 3| #) 6FLC-MDPFGA fEA[G] A% [H] K8 T P RE AP 3 {EXT EE
45 SRR 6FLC_ MDPFGA 7EiTRSMIFG M 1 I, BATAF R, MRE R, i, RAEBLT
SR, WO T EIRETE], 7E TR B AR EE R M AR R R, BT TR, BOAT TR
BHRR, HERGETEE TR, METREROARRE A, BIFZITHEARSE, HhEilmREE,
EEIRAC B . FRFFEMIRRICECH 5 ~ 15 Rt &S REM, FAFMBFEL —BRafE gk, Eidan
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BRI R T IIE N R AR, T ADR X ST A AR, STIRBRIAEL, MR
P, NS R AEFR S RS Y, W RIS FE AR BT Rk nes, S5R R
%, Eet, ERMRIE, T FEOREBALEE, HTRREERATMER.

A2 FREEAIEREEMET

Tab. 2 Performance comparison between algorithms with different migration gaps

B IRMkAC B TR /s R Jin ik bt HATRE bR
37 FGA 0 156. 694 203.015 — - 200
6FLC-MDPFGA 1 62.258 217.258 2.516 0.838 —
6FLC-MDPFGA 5 55.995 208.716 2.798 0.932 —
6FLC-MDPFGA 10 54.189 204. 344 2.890 0. 964 —
6FLC-MDPFGA 15 53.831 205. 883 2.911 0.970 —
4 & #®

Z#EFENEARZELHMBIA X, RAQERN/NMUEER, XTI S %
FEARFMES HEE T ROEREEAT T IS AP R, RAERIMEHAZRRHEL T, TBRLES% ~30% A5
BB, 7E30% ~50% MZRERTHEESE . Hit, £PMRSHBEEPIBR-BRUSET 5%, #
KRIEEZFH BB R P IR RN T 30% , THEALN, THERES ~15 ANEREY, £R/T
15 fREd, ATFRRMEATBRERER, 2ERTREES . KRERKY, ETHBLERLHELT,
EBENE T - ROEKRE, THEIRLNS TEMERNER, 2BEES ~15 RZE '
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