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A hybrid evolutionary algorithmfor bi-objective job shop scheduling
problems
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(a. School of Computer Science and Engineering, b. School of Economics and Management , Beihang University ,
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Abstract : Aiming at solving bi-objective job shop scheduling problems, a hybrid evolutionary agorithm is proposed.
An improved dlite duplication strategy is applied, which reduces computational cost of the algorithm. An escalating
evolutionary strategy is introduced into the algorithm, which is desgned to overcome premature convergence.
Besides, by applying a variable neighborhood search strategy to achieve Pareto solutions during the population
escalation, the algorithm’ s local search ability is enhanced. Numerical experiments, which employ the proposed
algorithm, together with other two typical agorithms NSGA-1l and MOQ@. S, is made to solve 82 bi-objective job shop
scheduling problems. The optimization results show the effectiveness of the algorithm proposed here on solving bi-
objective job shop scheduling problems.

Key words: Multi-objective optimization; Escalating evolution; Job shop; Evolutionary algorithm

[4]

1 L
job shop 20 80
' 571 Murata®
(1 flow shop
Bagchi'”
(21 ,
job shop (HEMEA) :
(31 ; ,
, job shop ’ 82
job shop ,
: 2006-08-07 ; : 2006-10-18.

(70771003 ,70521001) ; (NCET).

(977, , , ; (19659,

1 ’ ’



11 job shop 1229
2 job shop n,
Job shop in J m  job shop nxm,
{1,2, ,n} m M {1,2, m} 1 n
, [a,&, ,a, ,axm],
a {1,2, ,n,
_ job shop iin(j) =m,j=12, ,n (6)
makespan , total flowtime, total tardiness
L Jla =g
job shop Xiti) = 0, ;
makespan total tardiness, i=1,2, ,nxm,j=1,2, ,n (7
(min fu,min f2) = (min(c:max) , min _ZT,-) = 6 (7
. ‘ i(i=12, ,n m
(min(max{ C}) , min 5 (max{0, - d})).
@ Gen Cheng™™ job shop
St th+ pa < th + G(1 - qav) ,
a,b=1,2, ,m, j=1.2, ,my (2)
tg + ps < th + G(1- Xgi) , [10,11]._
i=1,2, ,m,g,h=1,2, ,n; (3) 32
th >20,i=1,2, ,m, (
i=1,2, ,nm (4) )
Xghi =0 1,i:1,2, ,m,
g,h=1,2, ,n (5)
:FS ; Oji .
poo : pi o ’
;G
1 j a
ar = b
0,
:'[jSi Oji
;G j G = max{ tir} 1 P N b
ti 0i Lot =G+ oy P
Xor = 1 g i h P 0:
2, 2 P=pP P, Vx P, 3Ix P
2 J Oa  Oib k 21, Xi = Xk P' = P\ x«;
. o Ore 3) = Pareto
(3) , , [
S =P S >SS > > S, r P
i {1,2, .1
3 M, re
3.1 n, t=1;
job shop , !
9 (10) 4) kZHkSN, Q=0Q S,t=1t+1,

4) ;

5);
5) St Xj



1230 22
n 3.4
d = Z dfi (8) «
d; X, X(1] , ” ,
X21, X, |=1;
m Hansen Nenald ¥ ,
djk = Z[fl(Xj) - fI(Xk)]z, (9)
xur o { X}, da > dizg > > din ; ) (
t-1 .
6) an+ISN, Q=0 Xy, =1 A
1) X,
+1, 6) ; ! X, Xi >x, 2) ; X X,
2 3) R
’ 2 ¥ -x, [10]
1 1 XI
' XI >x, X -x,
b,
3.3 3 A) A X v A 3 A
Coello ™ 2001 _) - . oo A Sy A
(micro k#i, Yi >y, A= Aly.
GA) : 4) Xi y 1) .
. “ ” ) 1) .
, 3.5
; 1
' 1) ;
1 2) ,
AT B :
T Rl 3) ,
4 ;
|ﬁiﬂi Jaﬁﬁil 4)
S L ia it ey : ;
TR 5) ,
S .8 OF
SIS SR 6)
v 7) )
R
= fRigt R | LR , ; : , 3.
i HH A A B 3
i 3.6
1
1

o(HEMEA)

~



11 job shop 1231
Grix Enex(N + (N +E”Lﬂ)fk+ o HEMEA) =
max Grax Emex ((N + nun/ Grax) i +
(2N)?(L + fo) + Ni). (10) (2N)* (1 + o)) =
fi Grax Emax (N + (2N)*fo) =
1 Grax Emex (2N) * o =
Grax Emax (4N?) . (11)
1) N (11) , (
2) N+ Nfk ) 0(4N?) ,
3) Grex Emax N + Ginax Emex N & )
4) Grrax Emax (2N) 2 + G Emax (2N) 21 NSGA- ,MOGS (
5) Ginax Emex NG o(MN?*) 1, M
6) Emax (nn) f , M = 2. ,
7) o(0) 2 )
 Emax , Gmax ,N 4
,Na i 4.1
fa N job shop
:n - Job shop , OR_library 82 job shop
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Index POP GEN  Pc Pu Emac  Lmax Index POP GEN  Pc Pu Ema  Lmax
1 ABZ5 200 800 0.9 0.1 4 15
2 ABZ6 200 800 0.9 0.1 4 15 40 LA35 200 2400 0.8 0.2 8 35
3 ABZ7 200 1500 0.9 0.1 5 20 41 LA36 200 1200 0.8 0.2 6 20
4 ABZ8 200 1500 0.9 0.1 5 20
5 ABZ9 200 1500 0.9 0.1 5 20 45 LA40 200 1200 0.8 0.2 6 20
6 LAOL 200 500 0.6 0.3 5 10 46 ORBOL 200 800 0.65 0.2 4 15
10 LAO5 200 500 0.6 0.3 5 10 55 ORBIO 200 800 0.65 0.2 4 15
1 LAO6 200 600 0.6 0.3 6 15 56 SWVO0L 200 1200 0.8 0.15 6 20
15 LA10 200 600 0.6 0.3 6 15 60 SWV05 200 1200 0.8 0.15 6 20
16 LA11 200 1000 0.6 0.3 5 20 61 SWV06 200 1500 0.8 0.15 5 20
20 LA15 200 1000 0.6 0.3 5 20 65 SWVIO 200 1500 0.8 0.15 5 20
21 LA16 200 800 0.6 0.3 4 15 66 SWVIl 200 480 0.9 0.1 8 50
25 LA20 200 800 0.6 0.3 4 15 75 SWV20 200 480 0.9 0.1 8 50
26 LA21 200 1000 0.8 0.2 5 20 76  YNI 200 1500 0.75 0.15 5 20
30 LA25 200 1000 0.8 0.2 5 20 79 YN4 200 1500 0.75 0.15 5 20
31 LA26 200 1200 0.8 0.2 6 20 80 FTO6 200 400 0.9 0.1 4 10
81 FTI0 200 800 0.9 0.1 4 15
35 LA30 200 1200 0.8 0.2 6 20 82 FT20 200 1000 0.9 0.1 5 20
3 LA31 200 2400 0.8 0.2 8 35
:POP ,GEN ,Pc , Pu , Emex Lmx MOGLS HEMEA
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Index C(A,B) C(A,Q C(B,A) C(C,A) Index C(A,B) C(A,Q C(B,A) C(C,A)

1 ABZ 1 1 0 0 37  LA32 0 1 0 0
2 ABZ6 0.5 1 0.18 0 38 LA33 1 1 0 0
3 ABZ7 0.67 1 0 0 39 LA34 1 1 0 0
4  ABZ8 1 1 0 0 40 LA35 0.5 1 0 0
5 ABZ9 1 1 0 0 41 LA36 1 1 0 0
6 LAOL 0.8 1 0.33 0

7 LAO2 1 1 0 0 44 LA39 1 1 0 0
8 LAO3 1 1 0 0 45 LA40 0.67 1 0 0
9  LAO4 0.33 1 0.6 0 46 ORBO1 1 1 0 0
10 LAO5 0.8 1 0 0 47 ORBO2 0.5 1 0.33 0
11 LAO6 1 1 0 0 48 ORBO3 0.5 1 0 0
12 LAO7 0.8 1 0 0 49 ORB04  0.67 1 0 0
13 LAO8 1 1 0 0 50 ORBO5 1 1 0 0
14 LA09 1 1 0 0 51 ORBO6 1 1 0 0
15 LA10 0 1 0 0 52 ORBO7 0 0 0 0
16 LALl 0.25 1 0 0 53 ORB08  0.67 1 0 0
17 LA12 1 1 0 0 54 ORB09 0 1 0 0
18 LA13 1 1 0 0 55 ORB10 0.5 1 0 0
19 LAl 1 1 0 0 56 SWVOlL  0.56 1 0 0
20 LAI15 0.5 1 0 0 57  SWV02 1 1 0 0
21 LAI16 0.78 0.5 0.14 0.29 58 SWV03 1 1 0 0
22 LAL7 1 1 0 0 59 SWV04 0 1 0.38 0
23 LA18 0.33 1 0.5 0 60 SWV05  0.75 1 0 0
24 LA19 0.5 0.67 0.25 0 61 SWV06 1 1 0 0
25  LA20 1 1 0 0

26 LA21 1 1 0 0 69 SWV14 1 1 0 0
27 LA22 0.6 1 0.29 0 70 SWV15  0.33 1 0 0
28 LA23 1 1 0 0 71  SWV16 1 1 0 0
29  LA24 1 1 0 0

30 LA25 1 1 0 0 76 YN1 1 1 0 0
31  LA26 0.78 1 0 0 77 YN2 0 1 0 0
32 LA27 1 1 0 0 78  YN3 1 1 0 0
33 LA28 0.55 1 0 0 79 YN4 1 1 0 0
34  LA29 1 1 0 0 80 FT06 0 1 0 0
35  LA30 0.75 1 0 0 81  FT10 1 1 0 0
36 LA31 0.25 1 0 0 82  FT20 0 1 0 0
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