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Discrete cat swarm optimization algorithm for solving the FJSP with due
date

JIANG Tian-hua't, DENG Guan-longz, ZHU Hm'-qi1

(1. School of Transportation, Ludong University, Yantai 264025, China; 2. School of Information and Electrical
Engineering, Ludong University, Yantai 264025, China)

Abstract: For the flexible job shop scheduling problem (FJSP) with due date, a discrete cat swarm optimization (DCSO)
algorithm is proposed to optimize the makespan and the mean earliness/tardiness. Firstly, a two-phase discrete encoding
approach is designed to represent the scheduling solution, and a heuristic-based method is adopted to fulfill the population
initialization. Then, in order to make the algorithm work directly in a discrete scheduling space, a seeking method is
developed based on three different neighborhood structures in the seeking mode, and a new discrete individual updating
equation is proposed in the tracking mode. To coordinate the global and local search capability of the proposed algorithm,
a linear adaptive selection strategy of cat’s behavior modes is used. In addition, a local search strategy is embedded into
the algorithm to further improve the computational results. Finally, the performance of the DCSO algorithm is tested
based on the benchmark instances, and experimental data demonstrate the effectiveness of the proposed DCSO algorithm
on solving the FJSP.

Keywords: flexible job shop; makespan; mean earliness/tardiness; discrete cat swarm optimization
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MKS 20 x 10 701.00 — 700.00 — 690.00 — 730.80 1010.1  726.60 3746.0 716.90 1310.5
MKO9 20 x 10 398.00 — 397.00 — 396.00 — 43730 11339 43490 4154.7 417.20 1413.8
MKI10 20 x 15 257.20 - 263.00 — 246.00 — 289.73 17489  303.6 63135 272.80 23227
2 KacemEHIMITHELER
ICSO HGWO AL+GA LEGA Heruistic edPSO DCSO
A nxm  BKS
best time best time best time best time best time best time best time
Kacem1 4x5 11 11 6.8 11 6.0 — - 11 1.2 11 0.0 11 0.4 11 124
Kacem?2 8 x 8 14 14 18.6 14 15.3 15 - - — 15 0.1 17 5.7 14 27.2
Kacem3 10 x 7 11 11 20.6 11 17.1 — — 11 2.6 13 0.1 — — 11 30.1
Kacem4 10 x 10 7 7 22.2 7 18.1 7 — 7 2.8 7 0.2 8 7.3 7 322
Kacem5 15 x 10 11 14 46.0 13 41.9 23 — 12 4.9 12 0.5 — — 12 65.4
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% 1H E XM BRMBBEEAE KRB E T FISPE A 167
% 3 Brandimarte EHIRIITEER
ICSO HGWO LEGA Heuristic edPSO SinGWO NIMASS DCSO

H#l  nxm BKS

best time best time best time best time best time best time best time best time
MK1 10 x 6 36 40 464 40 374 40 33 42 0.1 41 — 42 52 40 1.1 40 532
MK?2 10 x 6 24 28 496 29 406 29 36 28 02 26 — 31 57 28 1.8 27 553
MK3 15x8 204 204 2190 204 1714 — — 204 05 207 — 204 214 204 40 204 167.5
MK4 15 x 8 48 67  98.1 65 788 67 6.1 75 02 65 — 68 104 65 24 63 977
MK35 15 x 4 168 176 1245 175 100.1 176 7.2 179 02 171 — 179 133 177 22 173 1118
MK6 10 x 15 33 73 2196 79 1706 67 107 69 05 61 — 68 209 67 45 67 1655
MK?7 20X 5 133 149 1203 149 948 147 69 149 04 173 — 155 122 144 3.7 144 1176
MK8 20 x 10 523 523 4503 523 3453 523 19.1 555 0.7 523 — 523 414 523 7.7 523 2838
MK9 20 x 10 299 334 4983 325 3813 320 204 342 09 307 — 340 464 312 114 311 301.1
MKI0 20 x 15 165 259 509.6 253 3982 229 277 242 12 312 — 280 457 229 153 235 318.1

T A RIUA L DCSO vk HF 8hE, F 45
K FAEIF ) H 7 A Z2 (average relative percentage
deviation, ARPD) #£47 b8, At A = R pr s

NI
100 x (Best — BKS)
ARPD = Z
o BKS

FL A NI 7R A7) 1) 4 2, Best R s & 55 B 3k 159
M B AR R, 255K 2~ R AMEHE T LB H, AR
DCSO 5212 47 I [a) AR - 1CSO 92 A HGWO 5
EAR PR BT A RO T HAR L.
#F4 ARPDERIXIELLER
Bk RGN BUEHIEARPD ASCHIEARPD B 4L

/ NI (9)

ICSO 15 20.1 15.0 5.1
HGWO 15 20.2 15.0 52
AL+GA 3 38.7 3.0 35.7
LEGA 13 18.8 17.3 1.5
Heuristic 15 21.3 15.0 6.3
edPSO 13 23.3 16.6 6.7
SinGWO 10 30.0 21.6 8.4
NIMASS 10 22.3 21.6 0.7

L5 1 Tk, A SC BT 4R L 1 DCSO B 75 3K AR FISP
] 5 T A A
5 & #

AR SC VA LA B K 5 T I [) ST 240 52 i /G 0 1)
SIRA B SR AR R B 0 £ 2 P A1 b 2 ) 96 i
PR T — B EOR AEE 1 S.

1) 5 10 B R, VT T A R o
3T R VR IR BRI UG Ak 7 15 SR T 2
VA L (AT R 1 R R v, AP SV
4RI RAE MR IR A ) R R T 2 R
FEF I G, R sh 7 3 PR IR S A AR
T4 T 07 SR T — b B B o o S
AT A 3, 155 5V Rl 0 P E B O 25 1) i
1T, BEAN TE R BN T J5 8 2R, % S04 it
HEAT T B i .

2) T Z MR Ml 2 1) 8 B I L e 451, 0t

TARSCEEYERE. I B 45 R B, DCSO HyLfE R
fig¢ FISP [ Tl B A A R

3) ARRAFHE CSO Hk 5 HAth o 8 Ak sUEVEAH 2
B, BT B i k) B, R LR TR
F1%) 25 [a] 1 5 i .
2 Z 3 #k (References)

[1] Gao K Z, Suganthan P N, Pan Q K, et al. Discrete
harmony search algorithm for flexible job shop scheduling
problem with multiple objectives[J]. Journal of Intelligent
Manufacturing, 2016, 27(2): 363-374.

Mousakhani M.

flexible job shop scheduling problem to minimise

[2] Sequence-dependent setup time
total tardiness[J]. International Journal of Production
Research, 2013, 51(12): 3476-3487.

Scrich C R, Armentano V A, Laguna M. Tardiness

minimization in a flexible job shop: A tabu search

(31

approach[J]. Journal of Intelligent Manufacturing, 2004,
15(1): 103-115.

Wu Z, Weng M X. Multiagent scheduling method with
earliness and tardiness objectives in flexible job shops[J].

(4]

IEEE Transactions on Systems, Man, and Cybernetics,
Part B (Cybernetics), 2005, 35(2): 293-301.

Tiirky:lmaz A, Bulkan S. A hybrid algorithm for total
tardiness minimisation in flexible job shop: Genetic

(3]

algorithm with parallel VNS execution[J]. International
Journal of Production Research, 2015, 53(6): 1832-1848.
Na H, Park J. Multi-level job scheduling in a flexible job
shop environment[J]. International Journal of Production
Research, 2014, 52(13): 3877-3887.

Huang R H, Yang C L, Cheng W C. Flexible job shop
scheduling with due window — A two-pheromone ant

(6]

(7]

colony approach[J]. International Journal of Production
Economics, 2013, 141(2): 685-697.

XIS, U FLRH, PP, & RN 2 B AR A
PALBE T 0], ARAL K254 EARREERR, 2008, 29(3):
362-365.

(Liu X X, Xie L Y, Tao Z, et al. Research on
multi-objective scheduling optimization for flexible job

(8]

shop[J]. Journal of Northeastern University: Natural
Science, 2008, 29(3): 362-365.)



168 ¥ % 5 & K %35%
9] Tz, HER, DR, % £ T SPEARZ HirZM 1993, 41(3): 157-183.

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Ml ) 8 B 5 35 (0], [ RLAR TR, 2010, 21(10):
1167-1172.

(Wang Y, Tan J R, Feng Y X, et al. Multi-objective
flexible job-shop scheduling based on strength
pareto evolutionary algorithm[J]. China Mechanical
Engineering, 2010, 21(10): 1167-1172.)

Vilcot G, Billaut J C. A tabu search algorithm for solving
a multicriteria flexible job shop scheduling problem[J].
International Journal of Production Research, 2011,
49(23): 6963-6980.

Chu S C, Tsai P W. Computational intelligence based
on the behavior of cats[J]. International Journal of
Innovative Computing, Information and Control, 2007,
3(1): 163-173.

Pradhan P M, Panda G. Solving multiobjective problems
using cat swarm optimization[J]. Expert Systems with
Applications, 2012, 39(3): 2956-2964.

FICH, IR, L, A SR TR ELR I R 2R
BEFLL9]. RAE T ORA544], 2011, 27(5): 35-39.
(Wang G B, Yang S Y, Feng F, et al. Research of image
classification based on cat swarm optimization[J]. Journal
of Tianjin University of Technology, 2011, 27(5): 35-39.)
Lin K C, Huang Y H, Hung J C, et al. Feature selection and
parameter optimization of support vector machines based
on modified cat swarm optimization[J]. International
Journal of Distributed Sensor Networks, 2015, 11(7): 1-9.
Skoullis V I, Tassopoulos I X, Beligiannis G N. Solving
the high school timetabling problem using a hybrid cat
swarm optimization based algorithm[J]. Applied Soft
Computing, 2017, 52: 277-289.

KB, JEIES, ki 5, & BT 2 H AR AR
VLR BC 2 HE Fr ) (0], THSHLAR i R 4, 2014,
20(2): 333-342.

(Liu Q, Fang Z W, Zhang C Y, et al. Mixed
model assembly line sequencing problem based on
multi-objective cat swarm optimization[J]. Computer
Integrated Manufacturing Systems, 2014, 20(2):
333-342.)

F2 R R TR0 A BV SR AR R W A oL 2 1] A 1
AI). RN LA 5 R, 2018, 54(23): 259-263.
(Jiang T H. Cat swarm optimization for solving the
flexible job shop scheduling problem[J]. Computer
Engineering and Applications, 2018, 54(23): 259-263.)
Zhang G, Gao L, Shi Y. An effective genetic algorithm
for the flexible job-shop scheduling problem[J]. Expert
Systems with Applications, 2011, 38(4): 3563-3573.
Demir Y, Isleyen S K. An effective genetic algorithm
for flexible job-shop scheduling with overlapping
in operations[J]. International Journal of Production
Research, 2014, 52(13): 3905-3921.

Brandimarte P. Routing and scheduling in a flexible job
shop by tabu search[J]. Annals of Operations Research,

(21]

(22]

(23]

[24]

[25]

(26]

[27]

(28]

[29]

(30]

Demirkol E, Mehta S, Uzsoy R. Benchmarks for shop
scheduling problems[J]. European Journal of Operational
Research, 1998, 109(1): 137-141.

LR TR DAL R AR A b 4 9 3 FE 1)
REL[T]. #EH) 5 Y5k, 2018, 33(3): 503-508.

(Jiang T H. Flexible job shop scheduling problem with
hybrid grey wolf optimization algorithm[J]. Control and
Decision, 2018, 33(3): 503-508.)

Gholami M, Zandieh M. Integrating simulation and
genetic algorithm to schedule a dynamic flexible job
shop[J]. Journal of Intelligent Manufacturing, 2009,
20(4): 481-498.

Wang L, Zhou G, Xu Y, et al. An enhanced Pareto-based
artificial bee colony algorithm for the multi-objective
flexible job-shop scheduling[J]. The International Journal
of Advanced Manufacturing Technology, 2012, 60(6):
1111-1123.

Kacem I, Hammadi S, Borne P. Approach by localization
and multiobjective evolutionary optimization for flexible
job-shop scheduling problems[J]. IEEE Transactions on
Systems, Man, and Cybernetics, Part C: Applications and
Reviews, 2002, 32(1): 1-13.

Ho N B, Tay J C, Lai E M K. An effective architecture
for learning and evolving flexible job-shop schedules[J].
European Journal of Operational Research, 2007, 179(2):
316-333.

Ziaee M. A heuristic algorithm for solving flexible job
shop scheduling problem[J]. The International Journal of
Advanced Manufacturing Technology, 2014, 71(1/2/3/4):
519-528.

Nouiri M, Bekrar A, Jemai A, et al. An effective
and distributed particle swarm optimization algorithm
for flexible job-shop scheduling problem[J]. Journal of
Intelligent Manufacturing, 2018, 29(3): 603-615.
TRM, T T DAL BRI 2 5] 3 52 ] 2 7).
THENLEE RIS R 58, 2018, 24(10): 2428-2435.

(Jiang T H. Low-carbon workshop scheduling problem
based on grey wolf optimization, Computer Integrated
Manufacturing Systems, 2018, 24(10): 2428-2435.)
Xiong W, Fu D. A new immune multi-agent system for
the flexible job shop scheduling problem[J]. Journal of
Intelligent Manufacturing, 2018, 29(4): 857-873.

EEBN

LR (1983 ), 5, YH, fl 4, AR i B A BE

FEIAT S, E-mail: jth1127@163.com;

ST A (1985—), 55, Rz, 14, A7 i B AN

AEBLYL S 9T, E-mail: dalag@163.com;

KT} (1986-), L, PRI, f#L, WY B 5 )

5%, E-mail: 22849234@qq.com.



