BEnEE 1M
2005 %2 H

R E R E B A
Control Theory & Applications

Vol .22 No. 1
Feb. 2005

X ESRE; 1000 - 8152(2005)01 — 0149 - 04

HITHREEARAEDEREMEESHLE

5 F, 7
(FIbk%E FER2 5 TBR2E 5 KM 110004)

WE: J1T Fow shop 8BS 16l L AT HATHL 38R0 3072 22 1] 20 B [ RSO 5 4, 2 — 2030 T80 (0 8 O ) B . & %4 B/
Aok 58 T Re [a] B 4 e 3, BT 7 — MR 3747 Flow shop 8 BE R B B BOML R A RY . K F ) B SR R BT 2, 3R T
ETRBETHORME I XY SRR RIS T R, LIRS R BN X B B R 34T Flow shop 18K A1
B RIF AL .

XA FTHEER; BE; mEE,; BT

fEFEE: TPI3 AR A

Parallel flow shop scheduling problem using

probability learning based evolutionary algorithm
PANG Ha-li, WAN Shan-shan
(School of Information Science & Engineering , Northeastem University , Shenyang Liaoning 110004, China)

Abstract; The parallel flow shop scheduling problem is a new kind of scheduling problem, which possesses the characteris-
tics of both the parallel machines scheduling and the flow shop scheduling. A general parallel flow shop problem with the objec-
tive of minimizing makespan is addressed, and a mixed integer programming model is given. In view of the intractable natue of
the problem, a probability learning based evolutionary algorithm is proposed to solve the problem. This algorithm is tested on

some randomly generated problems. Computational results show that the proposed approach is accurate and effective.
Key words: parallel flow shop; scheduling; probability learning; evolutionary algorithm

1 5|= (Introduction)

347 (Parallel) 1381 H 8 % ¥ (Flow shop) if
ERBEAIN R -4, MmN LR %% A S
¥ FERFAT Flow shop( Parallel flow shop) 1B [a] &
HLFR  FERMR N B AF R EIT A=
B EEFESHIINRERAN IR, 58—
Tt B AAE R LR i1 B S A R S0A B DL 38 F L,
B5EREIN T EE —A R AY . X F iy A =30 Br 5| i
135 4T Flow shop i & 6] BE , 3 B 47 ¥ M Flow
shop IR &, U — L F BRI BRI &
PLEF LY BB o . SCK (S )P R T R & 347 (3F
THE R 2) B P Bir Bt Flow shop ¥ A &5, % J& [a] —
T 4§ 7E4 Flow shop B AH R T /540 T A &) B o 451 Y
FERR T D00 , 45 HE B 00 Rl 5 2 R A B/ Mk i K 52
T A 8] (Makespan) B8 RAHE .

ACEEE—-ROER TSRS K 13T
Flow shop i (FF4TE N K ), 81 Flow shop &

WCHR H 3 :2002 - 12 - 02; WokE SR A #:2003 - 12 - 05.
HELWMB AL TEHPEES W E (200112020} .

M HL8% (LJF), & Flow shop MIVL38H R & B

SEREXER BT {TER Fow shop MIMX TR ML

HE) oGt — A HL B R . 45t B/ ML K 52 TR 1]

VA B AR R, A IR A BRI B R, Rt

TRTFHERESI MR EE .

2 #1417 flow shop & E o] /8 ( Parallel flow
shop scheduling problem)

F$4T Flow shop W E RIE ] #RINTF . N L
HAEER M G (LF) B K ZWBRE=AE
(Flow shop) FINTL , 58— LN EEFEH A — &4 7=
fEmI, BMEKEFE EZRHE M BT,
B% THTE& K 7= 4% _E LU HERI HEFF (Permutation ) J5
AT, 88 YSER - RNEN T 1T4,.%
A THAER—aF R EEE— S L8 L T, T
BRI ERWEBRETL LN T HIA
TG, UE R — B iris Bl ik


http://www.cqvip.com

150 A

# it 5 M A

Bnx

JRAMIITHES,T = 11,2, NI L AIHf
B, T4 (Flow shop) &4, L = 11,2,-,K};
L, ATHHR S, i.j = 1,2, ,N; k HIFfTET4
WS,k = 1,2, Kim HEFRIBHRS , m = 1,
2, M; Py, TR EERE A PR m Pl LAY T A
65 Cigy ALAF i TE & LW m PLE8 LW AT
65 S BB RHER; X, = 1, ETH i L A%
M, BWHO; Vi = 1,5 kE KM m &L
LT SEFTIMA ML, ZRHo0.

34T Flow shop /Mb & K 52 T 0¥ [8] 98 B ] 2
L &R

K
min max{ZX,-k « Cay! (1)
ic/J k=1
s.t.
K N
IDIP AN (2)
k=1 i=1
K
ZXU; = 19 [ = 1;2a'“’N9 (3)
k=1

Cin = Cin + (3 = Xip = Xy = Yigu) * S = Pt
i,j =12, N; k =12, ,K; m = 1,2,--, M,
(4)
Cum — Cin + (2 = Xy = Xz = Ygu) * S = Py,
i,j=12,N; k=1,2,~,K;s m =1,2,~, M,
(5)

K
EXU:(Cﬂan+l — Cim = Pims1) =0,
k=1 (6)

i=12, Ny m=12,---M -1,
Xx = 180, (7
Yjm = 180. - (8)
4T Flow shop & B [ B iR AR & B HR R
R K (1) B/MEECR 52 TS A H #r R 3 24931
Q)FBAIE LHLMELE=L LI T 45 (3)
FTRE— TN RS — 44 EinT;X(4)
F(5)FKRTR—A =% AR T8R4
B RIE— AL ER —HZ REm T -1 %
F(6)HR T B— TR EAR T Ta5
FER RIE— TR EE— & PLa L8
TR F(8) AR ERBEAR.
3 BT S AL KR8 8% (Probability
learning based evolutionary algorithm)
3.1 PBIL 8% (PBIL Algorithm)
PBIL( Population based incremental leaming) & —
FE TR HEILE RS PBIL B 5 —1Y

SRR R &, PR TA N T TR
— AT ARFPEE , 38 13 X T A7 A A B b B9 (R B 4 b
5P ARG R, R AT iR E A R
HTREFERYAE R . AREEER N H T EE
BHRRR HERIFFENERESERBERR
A9 . PBIL 3 i 25 F A1 B2, AT LU S e A\ R 3B 5
R FEL A SUSBE T &m0 M AR R PBIL
BRREARENT .
WA R P.
While (£ 1k %14 = False)
{
Ht A R P PR A AT AT EE;
HEREFD SN B R EE;
FE RPN RLAER B;
WIBRMFE B EIEARBEP;
E

b RALAE

S FH PBIL 8 3 ¥ B i [a] B 25 6] iy e ik FE 1%
B BLA T B S . A< S04 34T Flow shop 18 BE [A) &8
BY4F AT THIN MR ME R, e T —F/
AbFE B RS MR AR A WIS HT R PBIL 53K
3.2 KREXKiZit(Algorithm design)

H4T Flow shop JERE MR g4 A TH 2 RS
M MHE XN E RAARBRRSESE
PR RS AR, RN ZE TN 2R SHF
P ETER, Al RE—ANITE O] oy B2
AR EHEES MR THES, AREFELU
“*" R, MBKAIN+ K-180 KBEHE
[011"'01]"" ¥ aycag akl"'akj"'] ﬂﬁﬁ N4
T4 K HF=4k Flow shop 8 B [al ) T 174 .

FRIITHEPES SR, ENERFEAT
B RS IHS—FNE  HES AN+ 1.H
W, AT s Eh B —EEAKA N + 1 ~ATHE
B BUE, B —3EEMNE N + 1 MERBEE. —15%
RO A RBERTLIRERN(N +1) x (N + K
- 1) B4 BB RIERE . A B R = A MERE)
ORERARRE HE—ZEGEM N + 140
BER(E A4 SR AR D, 18 B NV + 1 Bl
H—REDLE, BRI R TR B B/ RIn#ER
Fi %ot o B BB B Rz o B B BRE . i s A EN
fr, r REFEAGRE.CRBEERBEOT

1) MG REE P, = 1/(N +1);r = 1,2,
-~ N+1l,s =12, N+ K-1;

2) BAE R BEYL = A FE R Pop_ size B A]


http://www.cqvip.com

C B

BERGRISG : 3F4T 0 2 ) 0 0 B O e ST A B v 151

FImEFhEE;

3) R AT iR BEE, 30 6
BOUEIBAE B = (bbb by, 11"

4) MM BBEEABMEP, = P, + (XH
s = 1,2, N+ K—1,b Hs FEA Bt fEEH
(LHRAE , e ABERBIERE);

5) XA AL R A R ST —1hAb 3

P, = P,,/i)l Drs's

6) HWEZ R4, Wil RRER, B 2).
4 +EMI LW (Computational experiments )

F0 R E Bkt RE, X RE LA R A [E] B
N x M x K(N = 10,20,30,40; M = 3,4,5,7 ;K =
2,3,4) WI3F4T Flow shop VAR MR F TR . )
BB TR Tt Rl Py, H9[1,20] Z 6} 6 BEDL 5
¥RER VC+ 6.0 &M, BTN 1 GHz
B AT L.

BEA#TEESEREBETE, AT S ENSE
2. AREERENREEMERE. XRdE
5ZRWF:

1) AT BRI RS IE R

HEFHEMER, 5 A HIMERHEE . iR
AR IR Y S, RS H (B R BIE
B0 #RK PATREERER (S, P), 483 Biw
EREXNH:R, = ]’(S,P)/mpinif(S,P)L FERME
FIFPEE IS AL R IE R BT, X 45 40 30 3K fm) R 43
BUSRAE 10 3K, BSF B AL IR B IE R PSR 5
PERERIRE N .

KT REBABAMER, BT B ENEREBIE
RPOBUE R 0.01, BB 1L &4 R 5K EK 1000
R.E 1 ABAEREF AT B =4 e
SEBPRGIERE. LR RV, E—C fARAET (B
S0), BEERkRREBERAKX, X FEMESRN
SR (R BEIUBLN B IE 1T AT IR K

1.04

1.03
LO2F =

LOIE St e gt

...... 10Xx3X2
20X4X2
——30X5x4

ARXS B4RE

L0 30 50 60 8 100 120 150
RS

1 RAMBE TR EMRE
Fig. | Performance of the algorithm in different Pop_ size
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Fig. 2 Performance of the algorithm in different
revising coefficient
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Table 1 Results of the algorithm in different
termination condition

P,InP,). 9)

SR AN FTHERREE T RENE/s
AP 1000 111.5 1.5
A IE#EE 0.9 113

1518 0.001 112



http://www.cqvip.com

152  O#W B ® 5 N H f0k
250 K3 FREMERMN LK
200 P e e e e Table 3 Experiment results of algorithm in veracity
£ 150!
o 130 KR 1 2 3 4 5
B/ 100f ---e-- 10x3%x2
= 5ol 20X4<2 HAR % 13 115 13 u3 11
oL—T—3xsx4 BB HEEETH 113 115 112 113 111
100 200 300 400 500 600 700 800 900 (000 e 6 7 8 9 10
BAUKH EEERE 13 115 113 114 111
B3 By WMEIEEETHE 111 112 110 114 110
Fig. 3 Evolutional trend of the algorithm )
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Table 2 Deviations of solutions with different problem

WP RObE BEE RS PHE A
10x3x2 186 190 0.021 187.5 0.008
10x5%3 81 83 0.024 81.5 0.006
20x4x3 111 114 0.027 111.6 0.005
20x5x3 129 132  0.023 129.6 0.005
0x4x3 149 151 0.013 150.2 0.010
0x5x4 133 139 0.45 136.3 0.025
PxTx4 188 196 0.043 191.6 0.019
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