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Study on Flexible Job-shop Scheduling Problem Based on Improved Discrete Particle
Swarm Optimization Algorithm

DING Shu-yang LI Bing SHI Hong-bo

(School of Information Science and Engineering, East China University of Science and Technology.Shanghai 200237, China)

Abstract  Flexible job-shop scheduling problem is an extension of the classical job-shop scheduling problem. The former
is much closer to the practical production. Aiming at minimizing the maximum completion time, this paper proposed an
improved discrete particle swarm optimization algorithm. The traditional particle swarm optimization algorithm is appli-
cable to optimize the continuous models. As a combinatorial optimization problem with high complexity,FJSP is a typi-
cally discrete model. The proposed algorithm utilizes the load balancing mechanism for the machines to initiate the popu-
lation,and introduces three operators into the procedure of updating the individuals’ status in the population. The three
operators are respectively described as follows:the mutation based on the operation sequencing or the machine assign-
ment,the precedence preserving order based crossover between current particle and the individual optimal, and rand-
point preservation crossover between current particle and the global optimal. A particle is completely updated by using
three operators sucessively. This method makes the population converge to the optimal solution very fast. The experi-
mental results of benchmark instances show that the proposed algorithm can practically solve the flexible job-shop
scheduling problem and search the near optimal solutions very fast. The proposed algorithm outperforms the other simi-
lar algorithms with respect to searching efficiency and convergence speed.

Keywords Job-shop scheduling,Discrete optimization problem, Flexibility,Particle swarm optimization
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1. Clear all;

2. Input arguments: pop =100, w=10. 15, C; = 0. 5, Iter =100, C; =
0.7,pfpin=0.2,pf..=0.8;
% Initialize the population by GS,LS and RS respectively %
3. fori=1:pop/3
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4, x=global_selection() ;// x is a particle in the population
5. end

6. for i=pop/3+1:pop/3 * 2

7. x=local_selection() ;

8. end

9. for i=pop/3 ¥ 2-+1:pop

10. x=random_selection() ;

11.  end

% Get initialized local and global optimum solution %
12, pB_matrix=initial_population;
13.  calculate the makespan value for each pB;
14. if makspan of pB” is minimum
15. gB=pB"
16. end
% The outer for loop to iterate%s
17. for generation=1 :Iter
% The inner for loop to traverse the population%
18. for i=1:pop

% First perform the f; operator%

19. if 1 <w

20. [E(i,:)]=mutation_OS(initial_population(i,:));
21. or [E(i,:)]=mutation_MAQ) ;

22. else E(i,:) =initial_population(i,:) ;

23. end

% Second perform the f, operator%

24. if r,<<C

25. [F(i,:)]=POX_crossover(E(i,:),pB_arr(i,));
26. else F(i,:)=E(i,);

27. end

% Finally perform the {3 operator%

28, if 1, <C,

29. [initial_population(i,:) ]=RPX_crossover(F(i,:),gB);
30. else initial_population(i,:) =F(@i,:);

31. end

% Renew the local optimum solutions %

32. makespan_new = decoding(initial_population(i,:)) ;
33. makespan_local=decoding(pB_matrix(i,:));

34. if makespan_new <Z makespan_local

35. pB_matrix(i,*) =initial_population(i,:);

36. end

37. end

% Renew the global optimum solution
38. if makspan of pB” is minimum
39. gB=pB"
%pB”* belongs to pB_matrix %

40. end
1. end
42. return gB and the makespan value of gB;
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Table 2 Orthogonal table by L15(4°) and experimental results

* o S 4R
¥ @ C1 C2 2 fmax 2 fmin

B . ) . n . (makespan)
1 0.10(1) 0.30(1) 0.60(1) 0.80(1) 0.10(1) 254
2 0.10(1) 0.40(2) 0.70(2) 0.85(2) 0.15(2) 251
3 0.10C1) 0.50(3) 0.80(3) 0.90(3) 0.20(3) 265
4 0.10(1) 0.60(4) 0.90(4) 0.95(4) 0.25(4) 285
5 0.15(2) 0.30(1) 0.70(2) 0.90(3) 0.25(4) 242
6 0.15(2) 0.40(2) 0.60(1) 0.95(4) 0.20(3) 224
7 0.15(2) 0.50(3) 0.90(4) 0.80(1) 0.15(2) 219
8 0.15(2) 0.60(4) 0.80(3) 0.85(2) 0.10(1) 261
9 0.20(3) 0.30(1) 0.80(3) 0.95(4) 0.15(2) 274
10 0.20(3) 0.40(2) 0.60(1) 0.90(3) 0.10(1) 248
11 0.20(3) 0.50(3) 0.90(4) 0.85(2) 0.25(4) 245
12 0.20(3) 0.60(4) 0.70(2) 0.80(1) 0.20(3) 244
13 0.25(4) 0.30(1) 0.90(4) 0.85(2) 0.20(3) 240
14 0.25(4) 0.40(2) 0.80(3) 0.80(1) 0.25(4) 260
15 0.25(4) 0.50(3) 0.70(2) 0.95(4) 0.10C1) 237
16 0.25(4) 0.60(4) 0.60(1) 0.90(3) 0.15(2) 260
ky 263.75 252.50 246.50 240.50 250. 00

ko 232.75 245.75 243.50 249. 50 247.25

k3 253.00 238.00 265.00 253.75 243.25

ky 249. 25 262.50 243.75 255.00 258. 25

SD 12.8556 10. 3951 10. 2984 6.5618 6.3455
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Fig. 4 Gantt chart of optimal schedule for MKO1 instance
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Table 3 Comparison between different algorithms based on Brandimarte and Kacem benchmark instances

X HAL PHMH® & X # DPSO
S X om - - — -
c* Chnax RPD Time Chnax RPD Time Cnax RPD Time

MKO1 10X6 36 42 16.67 90. 00 41 13. 89 47.87 42 16.67 50.12
MKO02 10X 6 24 28 16.67 17.00 30 25.00 36.12 32 33.33 33.40
MKO03 15X8 204 204 0. 00 52.00 204 0.00 330.10 204 0. 00 300. 89
MKO04 15X8 48 75 56. 25 20.00 65 35.42 115.22 80 66.67 76.56
MKO05 15X 4 168 179 6.55 20. 00 174 3.57 106. 12 173 2.98 93. 30
MKO06 10X15 33 69 109.09 450. 00 71 115.15 2119.53 66 100. 00 1960. 80
MKO07 20 X5 133 149 12.03 39.00 148 11.28 112. 20 145 9.02 106. 83
MKO08 20X10 523 555 6.12 66. 00 551 5.35 998. 05 524 0.19 889. 16
MKO09 20X10 299 342 14. 38 940. 00 410 37.12 1286.91 364 21.74 981.73
MK10 20X 15 165 242 46.67 120. 00 267 61.82 649. 15 252 52.73 590. 82
Kacl 4 X5 11 11 0. 00 1.50 - - - 11 0. 00 3.20
Kac2 8X8 14 15 7.14 9.40 — — — 15 7.14 13.50
Kac3 10X7 11 13 18.18 14. 10 - — — 12 9.09 20. 65
Kac4 10X10 7 7 0. 00 2.18 - - - 7 0. 00 5.88
Kach 15X10 11 12 9.09 5.32 — — — 11 0. 00 7.90
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Fig. 5 Comparison of convergence curves between DPSO,

SGA and IGA(MKO06)

620

—a-DPSO —e—SGA —¢<IGA

600
= 580

_ﬁ 560

¥ 520

0 10 20 30 40 50 60 70 80 90 100

6 DPSO 5 SGA Fl IGA Myt £k b (MK08)
Fig. 6 Comparison of convergence curves between DPSO,

SGA and IGA(MKO08)

HIRIE AR T — A FISP 898t i) DPSO &
2 8 3 R TR B AL % 54 T 64 WL B0 4R AL ARRE L kb T
WEAIL A0 6 il B B4 e 6 o R AL 1) 045 F0) i o A BT A
A FHRL 10 5 0 A S8 B8 PR A R A oFF 3 b MO B 4R AR BT T
FIAGZITE AR FE g Al A AT RLGR 5 b i 19 Z2 A4 L B 7T LA
AT vp 2% AL T 1) 2 A AR T HE 0T . BRI 2 Ah A S0k
i IE A2 2B Ui B 7 i AL T S P AR TR M S RS
R RE R . 5 S0P BT A B G b A T i T A O 1 R AR
VU AR SO R AR Bk b 2 0 K B 401 R 4 % 0 B A ) A
If oW S T e . AR I A5 R T Bk O Al X B A Y
BEBIRGRENT C™ A8, 3X Ul W Bk )R AR UG B4 O BE A8 KL 3
BEAFTER A Z AL o PRI G ] 58 Fof B e o el 8k 1 )R
WAL i IF: 1 3 4 Jey e I W SIS I BB 5 05 1

2 % X #

[1] BRANDIMARTE P. Routing and Scheduling in a Flexible Job
Shop by Tabu Search [J]. Annals of Operations Research,1993,
41(3):157-183.

[2] KACEM I,HAMMADI S,BORNE P. Approach by Localization
and Multi-Objective Evolutionary Optimization for Flexible Job-
Shop Scheduling Problems [J]. IEEE Transactions on Systems.,
Man and Cybernetics,Part C(Applications and Reviews) ,2002,
32(1):1-3.

[3] PEZZELLA F,MORGANTI G,CIASCHETTI G.A Genetic
Algorithm for the Flexible Job-Shop Scheduling Problem[]].
Computers & Operations Research,2008,35(10) :3202-3212.

[4]7 XING L N,CHEN Y W,WANG P, et al. A Knowledge Based
Ant Colony Optimization for Flexible Job Shop Scheduling
Problems []J]. Applied Soft Computing,2010.10(3) :888-896.

(F# % 256 )



256

it B LR

2018 4F

[6]

(7]

(8]

(9]

[10]

ty.2009:1024-1035.

FANG W W, XIE W, HUANG H B, et al. Sequential pattern
mining based on privacy preserving [ J]. Computer Science.
2016,43(12):195-199. (in Chinese)

T AR B T A S T R AA DR 1 R S AR A R L .
FHLRR#.2016,43(12) :195-199.

DONG G, LI ]. Efficient mining of emerging patterns: Discove-
ring trends and differences[ C] // Fifth ACM SIGKDD Interna-
tional Conference on Knowledge Discovery and Data Mining.
ACM,1999:43-52.

GHOSH S,FENG M,NGUYEN H,et al. Risk prediction for
acute hypotensive patients by using gap constrained sequential
contrast patterns [C]// AMIA Annual Symposium Proceedings
American Medical Informatics Association. 2014 :1748-1754.

JI X,JAMES B,DONG G. Mining minimal distinguishing subse-
quence patterns with gap constraints [ J]. Knowledge Informa-
tion Systems,2007,11(3) :259-286.

WANG X,DUAN L,DONG G,et al. Efficient mining of densi-
ty-aware distinguishing sequential patterns with gap constraints
[C]// 19th International Conference of Database Systems for
Advanced Applications. 2014 :372-387.

YANG H,DUAN L,HU B, et al. Mining top-k distinguishing

sequential patterns with gap constraint [ ]J]. Journal of Soft-

[11]

[12]

[13]

[14]

ware,2015,26(11):2994-3009. (in Chinese)

oy By o BEA W5 S5 (B B 2 SR Y Top-k X7 A A=z 4m ).
A4, 2015,26(11) :2994-3009.

WANG H F,DUAN L,ZUO J,et al. Efficient mining of distin-
guishing sequential patterns without a predefined gap constraint
[J]. Journal of Computer, 2016, 39 (10):1979-1991. (in Chi-
nese)

R B A0 B, AR S TR i) R 24 BRI X L AR R s AU
$T]. LR . 2016.39(10) :1979-1991.

WU Y X,WU X D,JIANG H,et al. A heuristic algorithm for
MPMGOOC [J]. Journal of Computers, 2011, 34 (8); 1452-
1462. (in Chinese)

HAEPG RAFZR LR . —FoR i MPMGOOC (1] 3 ) J5 % X
ST TS LR 2011, 34(8) : 1452-1462.

WU Y., TANG Z,]JIANG H.,et al. Approximate Pattern Matc-
hing with Gap Constraints[ ] ]. Journal of Information Science,
2016,42(5) :639-658.

WU Y,FU S,JIANG H,et al. Strict approximate pattern matc-
hing with general gaps[J]. Applied Intelligence, 2015,42(3):
566-580.

WU Y,WANG L,REN J,et al. Mining sequential patterns with
periodic wildcard gaps[J]. Applied Intelligence,2014,41(1):99-
116.

(k4% 239 )

[5]

(6]

7]

[8]

(9]

[10]

[11]

ZHANG G,GAO L,SHI Y,et al. An Effective Genetic Algo-
rithm for the Flexible Job-Shop Scheduling Problem [J]. Expert
Systems with Application,2011,38(4):3563-3573.

AL-HINAI N,ELMEKKAWY T Y. Robust and Stable Flexible
Job Shop Scheduling with Random Machine Breakdowns Using
a Hybrid Genetic Algorithm [ J]. International Journal of Pro-
duction Economics,2011,132(2):279-291.

WANG J, CHU K. An Application of Genetic Algorithms for
the Flexible Job-Shop Scheduling Problem []J]. International
Journal of Advancements in Computing Technology, 2012,
4(3).:271-278.

YAZDANI M,AMIRI M,ZANDIEH M. Flexible Job-Shop
Scheduling with Parallel Variable Neighborhood Search Algo-
rithm [J]. Expert Systems with Application, 2010, 37 (1) ; 678-
687.

DEFERSHA F M,MINGYUAN C. A Parallel Genetic Algo-
rithm for a Flexible Job-Shop Scheduling Problem with Sequence
Dependent Setups [J]. International Journal of Advanced Manu-
facturing Technology,2010,49(1/4) :263-279.

KENNEDY J,EBERHART R C. A Discrete Binary Version of
the Particle Swarm Algorithm [C]// IEEE International Confe-
rence on Systems. 2002:4104-4108.

CEHN J,PAN Q K. A Discrete Particle Swarm Optimization
Algorithm for Independent Task Scheduling Problem [J]. Com-
puter Engineering,2008,34(6):214-215,218. (in Chinese)

[12]

[13]

[14]

[15]

[16]

[17]

B i 39 AR SR ST AT 45 R R Y B Ok F RO Sk DD 3
FAHLTHE,2008,34(6) :214-215,218.

COELLO C A C,PULIDO G T,LECHUGA M S. Handling
multiple objectives with particle swarm optimization[ ] ]. IEEE
Transactions on Evolutionary Computation, 2004, 8 (3) . 256-
279.

MONTGOMERY D C. Design and Analysis of Experiments
[M]. New York:John Wiley & Sons,2008.

TANG X X,HE W P,HE Y L,et al. Research and Implementa-
tion of Job Shop Scheduling System [J]. Aeronautical Manufac-
turing Technology,2011(5) :69-73. (in Chinese)

JEFOCJR AT TSP FIUKE N7, 45T ) A6 Ml 4 ) ) 3081 JBE 2R e F 9 5 5
BLLTD. Az il i H AR . 2011(5) :69-73.

ZIAEE M. A Heuristic Algorithm for Solving Flexible Job Shop
Scheduling Problem [J]. The International Journal of Advanced
Manufacturing Technology,2014,71(1-4) :519-528.
WOJCIECH B, MARIUSZ U, MIECZYSLAW W. Parallel Hy-
brid Metaheuristics for the Flexible Job Shop Problem []].
Computers &. Industrial Engineering,2010,59(2) ;323-333.
ZHANG T N,HAN B, YU B,et al. Flexible Job Shop Schedu-
ling Optimization with Production Capacity Constraints [ ] ].
System Engineering- Theory &. Practice, 2011,31(3):505-511.
(in Chinese)

SRR R T S AR AR ) R T B AR L 4 R R
BERALLT]. RO T RIS 5 908, 2011.31(3) :505-511.





