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Abstract

The permutation flow shop scheduling problem is a classical combinatorial optimization in indus-
trial engineering. Population-based evolutionary algorithms (EA) are the common methods to
solve this problem. As a novel EA, estimation of distribution algorithm (EDA) directs the algorithm
search towards good solutions by statistical learning. However, this algorithm may trap into the
local optimal and lead to the premature convergence. To overcome the drawback of EDA, this pa-
per incorporates EDA with GA to address the PFSP. The participation rates of EDA and GA are
adaptively regulated by fuzzy logic controller. The experiment results on the benchmarks validate
the efficiency of the proposed algorithm.
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1. Bf

B I /K ZE 7)1 B 1) B (Permutation Flow Shop Scheduling Problem, PFSP)J& Tl TRE 45 il () 1 %1l
. ELEHE RA . AT ARG B R IS LA AR EERE AL A E, F n AR
TTAFREE m G BTN, W H AR TR n AN TAENLE BRI T, AmnfEfs ok
(AR BE bRk B, F i FH B FE AR AR 5 58 I [H] (makespan) 5 £ .

PFSP f5 -1 Johnson - 1954 “EREATAIFFE[2], EAT NP MEPEBT[3]. H FH A0SR AR 7 12 2 2 e i,
Ja RATTEMFET N TR G oo a8 R EVE[4]. B RIS T /NI R, TV et S8 2R v i
PFSP ji) i, 1 5 & X7 RS 18] B, (R A REORIEMRI BT & . BEETHR BRI R, BT N LR G
708 R AR FE O B S, B TR AR IR AR K BB EE . WO R
DA R L R

I3 A ftitH 5% (Estimation of Distribution Algorithm, EDA)JE T Le4E K A TR A et ik 2 —,
TR TR AL 5% (Genetic Algorithm, GA) &L b oc#f ik (1), fHATH H. Muhlenbein 7£ 1996 4F#&H[5].
SIS T VAT A AR 4R, TR S I J7E, DSk 8RS AN RTEfRA 18] b (19 70 A 2
S AMEEAER, R MR A B — MR PR R A R R RS, AT SRR E TR
MZT 38 SRR, B3 TR 2R

EDA TEfF=% (8] 1 B A BRI T /877, SRR IIF R AN 2, AT 5 S500] ) SR A IR AR 25 5t
Pl BB S, TR AR A TR 4R AL iR U [6] [7]. XFUE, SR FAR M T kT s, WG E EDA
FEISAT I FREE FR A4 (1) 22 56 1 L eSO R 2R B 20 2 B L DL BoKs EDA 5 HA A SRR 45 5 55 55 [ 7]
AT EDA 5 GA S54 MIRA FIL KM PRSP @, JRA @ EDA MR GA
(1958 AR S48 AR BRI 5 SORAE BN, I 5 NBDR 2 i BV [8]R 1 38 B 1 1 7 e 50V A AR (1) A7)
2. BSORAEFIARIDE

PFSP [i] A U N AE -

1)n & LAE m aHLE BT

2) BT R BT AE m GHLE BT

3) A TLAAERE G HLEE b0 A 8] TS 1 5 1

4) & EHLEE R AR 0T —A T4
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% Q={dy 0 REFE T, z=(mmym) N A FEM T TS, 7 c0
(i=12,--n), WBLE5E TR Bk eI H AR PRSP e Bt fn

min z = min {C(;rn,m)}

C(m.1)=t
C(7zl ) (7[1 k — 1)+t k=2--m
C(ﬂjl) C(7nl)+t, =200

C(7,k)=max(C(z,3,k),C (7, k=1))+t, \,i=2mk=2m

Hodr, m ZRHUSEG n FoR TAEG AR ENLE § AN 58 B ).
3. Bkt
3.1. FHEFIIAML

FIREALHE PS MAME, I 4RI B 2 S i) NEH [9]503% 7728 LANMAE, R BENLI 46 AL K 7775 2L B PS-1
A, DTSR - T o AR 6
3.2. ik#E

AR S B S BN IS TR) 2 TH SR P A S 8 TN TR C Ly 5 AR C Ly BN 5 52 iR AT
P8 1 PR PPN AN AR IR 1 365 L 1R $ (fitness function) B8 1/C, ., o 1 FH%C 4182 (Roulette Wheel Selection)
MAMEHEAT R, BRPOR PRI RN S FE N B IE A5G, AR e 58 T [RBRAe, AR SL Y
Crna /N, LIS AR A R, 2 A T R g R
3.3. R

MM EDA IR0, £ 15 55 EDA FEMZE A AR, MR — By nxn fEfE P [10], p;
R JAEMEIER | A LB i M BLRESR, BRI py =Yn, )t U0EUs p; iHEA KT

SP _Size
py (1+1) = (1-a) p; (1) +

_x i
ixSP_Size z;l”’vhj
o R EMBERUR T, 1SR kTR
IL_L%I%E%%%@L&Z%&%
"o Hith
3.4. BEHEE

R AR AR SR B AT A5 28— AR A, X MAREAT R AR R W] LA3R = EDA [PERE[11], O T IRiZb
TSI, ASORR B AT R IS 2R, 20 R =M R 5

WA EH AT REIEA IR E

A BEHLESEPIAD TAF L e B

BIE: BEYLEFAD A, R T 8§55 R

35 ZXXHF

AR FH B389 U A B 52 X (order preserved crossover). 40, SEAAANME {2, 3,5,1, 4,9, 8,
6,7,10}#1{1, 2,4,5,6,7,8,3,9, 10}, E5 i FE R B 1 v BoR{4, 9, 8, 63, W AE BRI TARMAA{L, 2, 5,
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7,4,9,8,6,3,10} # {2,3,4,5,6,1,8,7,9,10}, < 1 Fix.
36. ERET

AT RN AR S T 9 R i A5 5 (shift move mutation), 9140, A% SR HIANMA {6, 8,9, 10, 7, 4, 3, 1, 2,
5}, H#E 7, 8 XML AT R, BREAMMEN{6,9,10,7,8,4,3,1,2,5}, w2 iR

3.7. RIS

TRAHEH EDA FI GA AE AR 1 BT 2 52 SR 1 B 1) 0GR, A5 G S0 LU R A 5 i R
] 7€ LL G AN BN AS EE B A A8 FH [T 7 LUABIINE, BRI R AE B A R B R R R FE AR o XA 7 R 7R
BT RIS R 8 A IE R L BIE, B SAE T AT B R BHE T RTINS 2, FEA . Mzhatt
119 75 D) 5 TS E — S U ORI ERME, TR IS AT I AR b S R R R AB O T L. T AT B
YRR — PR R A G R R R A ) B AR R B B, X R U AT D A A A R
NI T R o3 /AN D185 %7 NI = B VAT 2829 g N 1 1T P = 4 @ N P 8 ik Bk 29 £ s Rl e 1
REARAE S PE AR AR R SR L I [12] o A T AEVRA S B A R 0IE M, AR SCR FH BOR 12 4 2 il
SKRIEAT LU 15 /E EDA R R B 42 5 EDA A2 MR Eu il Rk 3 H A R R I35, 76 EDA R13#
()5 &N BRI 4 i GA AR AN L], DLk e Hh 30 R 3 e A

BRZ 4 P [8] [13] [L41HI2L I F

1) THE HRR A b A4 1 S 58 R 18] T 23 {H average(t) , 4 Aaver (t) = average(t)—average(t-1) ,
Aaver (t—-1) = average(t—1)—average(t—2) .

2) ¥ Aaver(t-1), Aaver(t)brifEfL#[-1.0,1.0], B mA R F:

Aaver (t)—min (Aaver (t))
max (Aaver (t))—min (Aaver (t))

3) A4 SR L ek B (membership function, LI 3)KFREAL S ) Aaver (t—1), Aaver (t) BEATRORIAL
P,

(NR 7 negative larger 455, NL >4 negative large, NM A negative medium, NS >4 negative small, ZS
A zero, PS 4 positive small, PM >4 positive medium, PL > positive large, PR >4 positive larger).

4) 733 Aaver (t—1), Aaver (t) FIBORIME J5 45 & BRI WU (fuzzy decision table, L% 1) & LR
R Z (i, ).

5) FIHH R Z (i, j) RIS R B R B (0 ] 4) R 2 B0k A0 U (defuzzification table, W4 2)ffe 4
EDA AR/ MAERLL G AL B d _rate , WF—4X EDA BT AL/ RILLSIA rate (t+1) = rate(t) +d _rate .

(NR 72 negative larger 455, NL 4 negative large, NM 4 negative medium, NS >4 negative small, ZS
A zero, PS A positive small, PM A positive medium, PL >/ positive large, PR >4 positive larger).

2 3 5 1 4 9 8 6 7 10 1 2 4 5 6 7 8 3 9 |10
2 3 4 5 6 1 8 7 9 10 1 2 5 7 4 9 8 6 3 (10

Figure 1. Order preserved crossover
E 1l XRFRERXX

O,
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Figure 2. Shift move mutation
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Figure 3. Membership function for inputs
E 3 MAENREERH
A
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Figure 4. Membership function for outputs
4 WHSNREERE
Table 1. Fuzzy decision table
T2 1. RSP TR
Aaver (t-1)
NR NL NM NS ZE PS PM PL PR
Aaver(t) NR NR NL NL NM NM NS NS ZE ZE
NL NL NL NM NM NS NS ZE ZE PS
NM NL NM NM NS NS ZE ZE PS PS
NS NM NM NS NS ZE ZE PS PS PM
ZE NM NS NS ZE ZE PS PS PM PM
PS NS NS ZE ZE PS PS PM PM PL
PM NS ZE ZE PS PS PM PM PL PL
PL ZE ZE PS PS PM PM PL PL PR
PR ZE PS PS PM PM PL PL PR PR
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Table 2. Defuzzification table

2. KEMAN

—4 -3 -2 -1 0 1 2 3 4

i —4 -4 -3 -3 -2 -2 -1 -1 0 0
-3 -3 -3 -2 -2 -1 -1 0 0 1

-2 -3 -2 -2 -1 -1 0 0 1 1

-1 -2 -2 -1 -1 0 0 1 1 2

0 -2 -1 -1 0 0 1 1 2 2

1 -1 -1 0 0 1 1 2 2 3

2 -1 0 0 1 1 2 2 3 3

3 0 0 1 1 2 2 3 3 4

4 0 1 1 2 2 3 3 4 4

4. EDA-GAB&E*

EDA-GA JR&HIELIRUT

1) FREEAIREZR A 1R aa AL

PR, BARRE =1, MR P dp, =1/n

2) XFFREENMAGEAT VRN IE I 55 AR Nk

DA%E BEIE VA0 5 H I DARE 5 EDA M A5 B A0 34 AR AR5 1EAT A8 SR R4 VR I S AR Ak

3) SRR AT MR AR AR RS A A

PRI AMRFEAT Givh 2 2] 56 MR AR AL BE BT, AR5 W ME SR B R P2 A PS ANME, SR R,
RGP I rate(t) *PS MAMEIIA R T —AAFHE, rate(t) Jy24HT EDA BT AE BAMAT L 1

4) A8 S ARAE RN S AR

KA B BEATAE XEAE RS S, 37722 (1-rate(t)) *PS AMAMA, X Le M AN ZE] N —fLFh
HEr

5) HERIZ HE s i R LAl

WA G, BT 8 TS B — AT H AL, 13 2IBORIR NS, AR AR F e )
e~ — LA EDA BT AE BMA K L A1 rate (t+1)

6) b AR

Ll R LA, AR B R AL B, t=t+ 1, FEADIR 2).

5. SKINZER
51. B¥RE

¥ EDA-GA IR EVE 2 53 A/ PS = 200, 347K iteration_times = 300, {3 AMART &
EL 4514 superior_rate = 0.2, GA 7285 L4 mutation_rate = 0.1, EDA #J4G4E i AMA I LLG rate = 1, AR
HEER a=02.
5.2. LR

NEUEIR A FIERIMR, ARk A OR-library 1) Carl~Car8, RecO1~Rec4l, It 29 AMEfISkiAT
WK, BAEFIH matlab 7ETFEHL EASIIZ4T 10 Ik, 5 GA, EDA M5 RMAT IR, MRS, Fank 3

O,
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Table 3. Computational results for benchmarks

=3 BHImAELSR

EDA GA EDA-GA
S njm BRE ARE BRE ARE BRE ARE
Carl 11/5 0 0 0 0 0 0
Car2 1314 0 0 0 0.59 0 0
Car3 12|5 0 0 0 0 0 0
Car4 14)4 0 0 0 0 0 0
Carb 1016 0 0.12 0 0.79 0 0
Car6 8|9 0 0.54 0 1.63 0 0.38
Car7 77 0 0 0 0 0 0
Car8 8|8 0 0 0 0 0 0
Rec01 20/5 0 0.47 0 0.58 0 0.16
Rec03 20/5 0 0.09 0.18 0.22 0 0.16
Rec05 20/5 0.24 0.52 0.24 0.27 0.24 0.24
Rec07 20|10 1.15 1.34 0 2.27 0 0.07
Rec09 20|10 0.72 2.06 2.6 2.62 0.33 1.67
Recll 20|10 0 13 0 1.55 0 0.65
Rec13 20[15 0.93 1.69 1.81 1.96 0 1.52
Rec15 20[15 1.32 2 0.05 0.85 0 0.85
Recl17 20|15 15 2.59 212 2.2 0 1.59
Rec19 30/10 1.37 1.94 0.42 1.14 0 0.75
Rec21 30[10 1.12 1.77 0.05 1.35 0 111
Rec23 30|10 197 2.87 0.44 191 0 1.44
Rec25 30|15 1.48 2.24 1.33 1.98 0 1.29
Rec27 30|15 112 1.48 0.67 171 0 1.14
Rec29 30|15 0.77 1.02 1.07 1.07 0 0.83
Rec31 50|10 15 1.97 0.45 1.57 0 1
Rec33 50|10 0.93 1.62 0.32 13 0 0.77
Rec35 50|10 0.37 0.47 0.49 0.49 0 0.19
Rec37 75|20 1.15 141 0.52 0.78 0 0.61
Rec39 75|20 1.47 1.62 0 0.75 0.31 0.67
Rec41 75|20 0.92 1.2 0 0.58 0.25 0.68
10
_ Cpa —C 2(Cr =€)
fiizm. H, BRE :WTxloo . ARE =':11Tx100 NEERP SR SRAF R IR AR C L B A5

R AT I B U A C AR 22 B 40 L 1 S/ MEL RSP 2448

M 3 (RS S5 AT LA, %R A Carl~Car8 1 Rec01~Rec37, AC¥it (] EDA-GA JE &
% ARE 5 BRE #3111 EDA 1 GA, i8] GA 15| AM#i453 EDA ML ib it seA 1 1R Kk - X T Rec39.
Rec4l, JREGHIE BRE Al GA, UL YERERHSS T GA, {HAHLL EDA R EA B &5t m. Kt
KM, EDA-GA G HIEIITERE R Z 9 T GA il EDA.

()
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6. &t

AR T —Fh EDA-GA JRA FIEN UL /IME & 58 T A P4 H BRI PRSP Il kAT T SRR 4T

X EDA 7% gy ik BRI IFIsk 25, ¥ EDA Rl GA %5 B A R — 2 LBl AMAREEI T IR A, JF FBOR 2 45 1 1

JiFR GEAT B IE R o RO\ SO RN A S I T TR P SAE AR AL, BORH H & EDA TE

T IER AT AR G . RAEFIVEBFIH T EDA 4R R AR, JUURN T EDA &R

HRAEIFERMG, AHH AR BE AR S TR . HAIT 4 RIE I FiR EDA-GAREGHILER
R

B W

ARTEZEZRHAREIES T H (71301124) . #H #H AT &R #— I H (13YJC630165), 18+
UM AL 475 H (20130141120071) (1 % Bl

SE L (References)

[1] Pan, Q.-K., Suganhan, P.N., Tasgetiren, M.F. and Chua, T.J. (2011) A discrete artificial bee colony algorithm for the
lot-streaming flow shop scheduling problem. Information Sciences, 181, 2455-2468.

[2] Johnson, S.M. (1954) Optimal two-and three-stage production schedules with setup times included. Naval Research
Logistics Quarterly, 1, 61-68.

[3] Zhang, Y. and Li, X. (2011) Estimation of distribution algorithm for permutation flow shops with total flow time mi-
nimization. Computers & Industrial Engineering, 60, 706-718.

[4] JAh, =%, it (2006) #T PSO HIBE MK G AIEESE #7578, 34, 2008-2011.

[5] Larranaga, P. and Lozano, J.A. (2002) Estimation of distribution algorithms: A new tool for evolutionary computation.
Springer, Berlin.

[6] MR, R, BN, 55 (2011) FET AR T BB UK R R EERE. i E LRI, 10,
3702-3706.

[7] Chen, S.H., Chen, M.C., Chang, P.C., et al. (2010) Guidelines for developing effective estimation of distribution algo-
rithms in solving single machine scheduling problems. Expert Systems with Applications, 37, 6441-6451.

[8] Chan, F.T.S., Prakash, A. and Mishra, N. (2013) Priority-based scheduling in flexible system using AIS with FLC ap-
proach. International Journal of Production Research, 51, 4880-4895.

[91 Nawaz, M., Enscore Jr., E.E. and Ham, I. (1983) A heuristic algorithm for the m-machine, n-job flow-shop sequencing
problem. Omega, 11, 91-95.

[10] E£38, T, Vil % (2012) KRAFR-E VK ZE0) VR B m K o0 AT Bk, G301t 7K, 3, 437-443.

[11] Wang, S., Wang, L., Liu, M., et al. (2013) An effective estimation of distribution algorithm for solving the distributed
permutation flow-shop scheduling problem. International Journal of Production Economics, 145, 387-396.

[12] 1%, BRE (2006) At kS8 E & W BT ik, EFRE LA Z W HHFIF/K), 5, 601-606.

[13] Kim, K.W., Gen, M. and Yamazaki, G. (2003) Hybrid genetic algorithm with fuzzy logic for resource-constrained
project scheduling. Applied Soft Computing, 2, 174-188.

[14] Kim, K.W.,, Yun, Y.S., Yoon, J.M., et al. (2005) Hybrid genetic algorithm with adaptive abilities for resource-con-
strained multiple project scheduling. Computers in Industry, 56, 143-160.



www.hanspub.org

INERHARAL A S BRRIR T EE R MRINSFE AT ZRFE. B2011FEIDLEE | IR—BRSERERE
KRR, BEERIMIZERFEAFREIIN , EEFHHEMAS0ZSFRh K SREBIENE FRIRXA , 7
WARERMNEIER |, HEARFRT AR,

IXETHRRAERERFTR (Open Access ) EBFHERTIETIRISEITE | HEVDRIFFEEITISMAMIDE , BB AL
BT EEAMN R ZREERTIRS | EAEm M ERRIRIRT  REARHMEAERHMATSIA. S5, (EEETIIEo

EHRE.

Hans Xl

L
HESEA

Hans iXili

Hans ixlli

= Rl

Finance
in Ron

Ny

[RR— Hans Xl

Pure Mathematics
"iw

My o

S

T

Hans Xl

Eilﬂll_jl

Hans Journal of Biomedicine

K Bt 95 WF 5

111111 1| [T

Hans X

n Management

EM%%@

Hans Xl

45

Modern Physics
oo

i

SN Hans Xl
LV/8N
QL LS
Ad in Psychology

Hans Xl

Eh

Smart Grid



http://www.hanspub.org/
http://www.hanspub.org/
http://www.hanspub.org/journal/ag/
http://www.hanspub.org/Journal/HJCET.html
http://www.hanspub.org/journal/csa/
http://www.hanspub.org/journal/ae/
http://www.hanspub.org/journal/fin/
http://www.hanspub.org/journal/sd/
http://www.hanspub.org/journal/pm/
http://www.hanspub.org/Journal/ACM.html
http://www.hanspub.org/journal/ass
http://www.hanspub.org/journal/bp/
http://www.hanspub.org/Journal/HJBM.html
http://www.hanspub.org/journal/jwrr
http://www.hanspub.org/Journal/MM.html
http://www.hanspub.org/journal/mp/
http://www.hanspub.org/journal/ap/
http://www.hanspub.org/Journal/SG.html

	A Hybrid EDA with GA for the Permutation Flow Shop Scheduling Problem
	Abstract
	Keywords
	基于EDA-GA的置换流水车间调度算法
	摘  要
	关键词
	1. 前言
	2. 置换流水车间调度问题
	3. 算法设计
	3.1. 种群初始化
	3.2. 选择
	3.3. 概率模型
	3.4. 局部搜索
	3.5. 交叉算子
	3.6. 变异算子
	3.7. 模糊逻辑控制 

	4. EDA-GA混合算法
	5. 实验结果
	5.1. 参数设置
	5.2. 结果分析

	6. 结论
	致  谢
	参考文献 (References)

