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Job-Shop Scheduling by Genetic Local Search
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The job-shop scheduling problem (JSSP) is one of the most difficult AP-hard combinatorial
optimization problems. In this paper, an approximation method for JSSP called MSXF-GA
is proposed using local neighborhood search and evolutionary computation, especially Ge-
netic Algorithms (GA). MSXF-GA is composed by a neighborhood search that uses active
CB neighborhood based on an active scheduler and operation permutations on the critical
path, and Multi-Step Crossover Fusion (MSXF') that utilizes a neighborhood structure and a
distance measure in the search space. The “reversal of the direction” of an active schedule
is also introduced and MSXF-GA can adaptively select an appropriate direction for a given
problem. Experimental results showed such a promising performance of MSXF-GA that it
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quickly found near optimal schedules in most cases.
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Fig.1 A simple 2 x 2 problem.
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Fig.2 Schedule reversal and activation.
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Offspring

Parent2

Parent1

B3 MSXFIZXAM# (Parentl, Parent2) % Tk
(Offspring) DAL
Fig.3 Offspring generated from Parents 1 and 2 by
MSXEF.
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EWNLIZE R PR FEREEAVS. IR
PEYRFEZEE (Multi Step Mutation Fusion: MSMF)
LXK,

MSXF (B & U8 MSMF) * H\w/: GA T %
MSXF-GA 1%, FHE 2 KEEEMALILI2E o
TEHKE 4D L) IIRBBENS.
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600 Table 1 Performance comparisons between semi-active
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Fig.4 CPU time comparisons using mt 10 x 10 problem.
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Fig.5 CPU time comparisons using mt 20 X 5 problem.
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TI#EL, LR < LRX < R DB 458 I T RoEH
BRE 5.

K4, M5 0WMAEHECREE, FIMHEL L
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WA, BEL CEEBENICRERETRDLILEIET
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B LR BV THRRIICES W BFER 285
&, mt10 x 10 FEDBH AT & A L T_TOMEES
HEEIZ, F7/2mt20 x 5 BIREOHEE rHEKICR -

and active CB neighborhood.

Alg. bst wst avg
mt 10 X 10 problem

SEM 930 955 943.14

LRX 930 938 930.89
mt 20 X 5 problem

SEM 1165 1218 1181.64

LRX 1165 1165 1165

TBY, LREAWVWASZ EIZX o THEISHICRIEICE
L7z HEASEIR SN T WD Z L PR T B,

RICHHEE ICE L %> TW5a LR &,
LR 12 MSXF ##lAAAZHRETSH 5 LRX % HEk
T5E, mt10 x 10 FEOEE, BELRX DIE9H )8
DETPTIED 558 LR ISR THERESE LT
b, —7%, mt20 x 5 FREOEEILEIEHEE LRX O
ZI)DREILR L 2R VAR TH L. ZOREICT
LTCHBELRX DT V¥ A9 EIC L S E®T
RELIBIELE > TVWB I EBGD5.

B, BEOLZOT 77 147 CBEEVEYH 24 3
T 7T 47 7% CBEfE (NS R) 2HVBEe0E
BLEERFEICLAEROBEL 1 IRT. 22T
IMBOEB L VAR B LS, BEREMDH A X 30
ZHV, SEBRIBMORBERICESL D, BHREAE
A0 2 BRI ECTRTSEL2bDE L. &
SEM i I 7 75 4 7% CB ffEIC & AERTE
BWROERE, $/27 77 17 CBIEBIC L A1EE%
f£ELCTLRXMIC M4, M5 DLRX KL A5R%E
BT 5. K bst, wst, avg IIF NN 100 B OE
B RE AT Vo — VOBIEEREORBME, &
BE, FHELERT. SEMICBELTRERE» TR
%A L PREEFREDGEENH LI DOD, B,
BREEELE DNV T4 2EL T DAERICREL
TWAIZh2hbod, LRX ORFRICEPZVE
W LG5,

R2IIMTRUYF -7 CHTARADERLE
DIBED GAREOHRER* T LHTHEL. Z0kiE
BT /DD DI, LIV OPDBEREIMZ
2bDTHDH, RFEMITRVFI—20D 2 O00ME
T L E D ICRBEBESRE > TV B DIRKRADBEED
LU, RiI3Y GA L BFFERLHEATICL ABETH
% Mattfeld 512 L 2BEOHZRTH L. EPoHDb
L9, BFEO GABEDELIIMT Ry Fv—2
ELTHOSNAZD 2 00MBEATAED D F kD
AR L LTEE LV, Mattfeld S Ok & 0%



Vol. 38 No. 6

MSXF-GAW & BV a7 vay Ay Ya—-)v7

1133

£2 MTAYFY—2 L 58 GA BEDOLE
Table 2 Comparisons between various GA methods on the MT problems.
1963 Muth-Thompson Test problems 10 x 1020 x5
1991 Nakano/Yamada Conventional GA 18) 965 1215
1992 Yamada/Nakano Giffler-Thompson GT-GA 28) 930 1184
Dorndorf/Pesch Priority-Rule based P-GA 11) 960 1249
Dorndorf/Pesch Shifting-Bottleneck SB-GA 1) 938 1178
1994 Mattfeld/Kopfer/Bierwirth Diffusion GA 9) 930 1165
1995 Kobayashi/Ono/Yamamura Subsequence Exchange Crossover'4) 930 1178
SXX-GA
1995 Bierwirth Generalized-Permutation GP-GA™) 936 1181
——  Our results MSXF-GA 930 1165

5| (a)Multi-Step Crossover Fusion 15| (b)Stochastic Local Search  2..c2
Best (957) * 3ikists
40 + 140 \: Ssasas,
30 F 30
20 F 420 F 3 4
P P
Start éél) Start ({)61)
10 F 8° 410} B
Target 951) B3P Target (951)
P2 . . , P2, . . ‘
0 10 20 30 40 50 60 0 10 20 30 40 50

6

FRER (a) 1 WO MSXF, (b) SliMOBRGEE, TEShWBEOG

Fig.6 Distribution of solutions generated by an application of (a) MSXF and (b)
a short-term stochastic local search.
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R 6 (a) i 1 BlO MSXF THER SNIBOSH %,
X 6 (b) I (a) L FEDEEREIC X R % BATHE
RICL o TERENIZBOFHERT. (a), (b) &b
KE—OWEHME ($%b5 p) 2HVTWE, MO
B, y ®IZENEN, FEES, BEESOEM L
T py EDEEDOREL 2 BIFNOEL, THbLE
FENZ DG HEEEXRT. (b) OBEFAL L hkVE
BICIEIZ—REICAAHE L TBY, pp DELO DM
WERTHZ01 L, (a) KBV T pa OFMNIC
BWROINAT AD 0 BHER, p1 & pe OHMD L DIE
WEEED, S EFDOMCERICE > TWDE I L%
5. MSXF-GA TIKHEDORLR 20 2 DOBEH
FEOBBICL s TE W RELLBEIIZoTnAEE
EZ2bN5,

5.2 10 RN Fv - DR

B MT Ry F~v—2 2 HW2ERICLD, A7
Va—-VOREEHARALBELR #HWAL Z LI
LoT, EORMBEICHE LSRN EFEEREED
BRTE 22 EPEBRNISRINS. S5ICLRICE
BRPSBERRR 2 AR AP MSXP-GA % BV 7298
%47 o 7275, MSXF ORIRIZOWTIE, mt20 x5 R

HETRBIRETDH 575, mt10 x 10 BE TR LN
EVWIRERE R o7, IR mt10 x 10 R
ARSIz, MSXF OEAICLBHE LD b FE
LR ORFEZOHREDITIFREVDEEZ LR
L, TNERIEL, 250 DoKX HREEICH
LTHOARRLTRET 2 HEVERHTHL I LERT
ez, TOVHBEIKECHELVWEIRTYA 10
DEEEY 123t L MSXF-GA 28T 2 EBRZITo 7.
£31, BEIRX 2 FNFhoBEICTLER
ZFNEBOMEEZE 2 30 BT - L EBROKR TR
. L, EEREROY 4 X2 BV, £EBRIT
BEAMORBRICES D, RAKBRE 4052 BR 72
B cRTEES. ZOMOEME MT RV Fv—
7L ELAKTHSH. K3 OFZFIIENFNRE
% (prob), BEMON TV HIREFEOTREB LU L
R (1b, ub), BoN/-HEME (bst), FHE (avg),
58k (var), BEME (wst) 2RT. T/ TRER
HORERERTHY, KERIHRONIERICELT
BRERSEONEARB LY, BRERERITOE
HEER () & ZNEN nopr, tope MICEET. BB
NOMET— %, ZKEROTREBLUCLERL EOEH
13 OR-library® L W AFTES, £3 LV EBROE
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®3  JSSP O 10 HR & H 7o EBHR
Table 3 Results of 10 tough JSSPs.

prob  (Ib,ub)
abz7 (656,656)
abz8 (645,669)
abz9 (661,679)

bst avg var wst Nop: topt
678 692.5 0.94 703 - -
686 703.1 1.54 724
697 719.6 1.53 732

la21 - *1046 1049.9 0.57 1055 9 687.7
la24 - *935 938.8 0.34 941 4 864.1
la25 - *977 979.6 0.40 984 9 765.6
la27 - *1235 1253.6 1.56 1269 1 2364.75

1a29 (1142,1153) 1166 1181.9 1.31 1195
1a38 - *1196 1198.4 0.71 1208 21 1051.3
1a40 *1222 1224 1227.9 0.43 1233 - -

F£4 10 W X 2 BHEUREO
Table 4 Comparison with various heuristic methods on
the 10 tough problems.

prob our bst Nowi Dell YN96 Aarts Matt Appl

abz7 678 - 667 665 668 672 668
abz8 686 - 678 675 670 683 687
abz9 697 - 692 686 691 703 707

la21 *1046 1047 1048 *1046 1053 1053 1053
la24 *935 939 941 935 *935 938 *935
1a25 *9T7  *9TT 979 Y977 983 *Ov7 *9T7
1a27 *1235 1236 1242 *1235 1249 1236 1269
la29 1166 1160 1182 1154 1185 1184 1195
1a38 *1196 *1196 1203 1198 1208 1201 1209
la40 1224 1229 1233 1228 1225 1228 *1222

REBONEEI L OREBMEE, REEIREDS N
AEBOBNIBIIIEFEIENT L2955, F7-E8
BOELOEERTHHRO/NEL, BONLEDRE
BREELTWAD, FIC10MD ) 5 5 BiZonTHRE
BOIELNTEY, 1a27 #K < 4 BiCoWwW T RS
BOBOLNIEELEC, BERICNZ2EM S +5
FEARN

T RAFINS OB T ABRTFOELMEE L OL
Bx kY. £H Nowi, Dell iZZNZFNIHL19), 10)
DY T —BRITI BHE, YNI6, Aarts lTFNEFN
3CRK 30), 32), 2) O SAC X B, Matt i33CHE9)
D GA X B, Appl Tk 4) 2 X BMRER N
FRRT. I T K2 LEHET AT Matt DAT
HBHH, IO GA DITEAIN S OREE -
TWHWNeDTHA, £L D), MSXF-GAIZ X 5 EE
FSREN MO T RERE I R TIZIZER 2 F 1L
DFERERLTVEZEDSP 5. 724512 MSXF-
GA L FER R EEE* v, ESEHOEUEET
H5 SBiELHAEDE SABETH S YN O
SA+SBEE B E, TS 2 DDMIELSEVICH
W RERICH B Z LITHEKREV., Thbb, abz7-9
BL U 1a29 OEREIZE L Tk SA+SB E0MEN T
W55, SA+SBIETRERIKRE 5h D o7 1a38 B

June 1997
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Fig.7 CPU time comparisons using 1a38 15 x 15 problem.
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I L WENTBEDER T E 5 2 L % Muth and
Thompson N F<— 27 % F\W7-EEIC X - TR
L7.

RIC, WEREEOREEE L BB LRI T
HHLEBRERTR (MSXF) &, MSXF % 3%
R EREICHAANT MSXF-GA ZIEL. 1
m > MSXF 1, WHEEO—F 2 MEAEE LTHY,
b —HOBERERFHMOBEBEAR A2 EHOR
FrERP O SN S, MSXF TREHEOBE 2 #
NENREAR L BN 7R % R T, FISEZEEA ORI
MHEMEDO OIS LM ES LBV IEREITH.
MSXF-GA % 10 8/ & Ligh s LW BEO KX &~
V- BBEICEA L ER, REEr SO
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——— conjunctive arc (technological sequences) .
- » disjunctive arc (pair of operations on the same machine)

P P,

Py Bs
Oij  an operation of job i on machine j
Pjj : processing time of 0

K8 3x3MEAZHVALRRS 77 G Oof
Fig.8 The disjunctive graph G of a 3 X 3 problem.
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