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A hybrid discrete fruit fly optimization algorithm for distributed
permutation flowshop scheduling with interval data

WANG Ling', ZHENG Jie, WANG Jing-jing
(Department of Automation, Tsinghua University, Beijing 100084, China)

Abstract: Distributed scheduling is the frontier research in the field of manufacturing systems, while the study on the
uncertain scheduling problems is of more realistic significance. For the uncertain distributed permutation flowshop
scheduling problem, interval processing times are used and the minimization of interval maximum completion time is
considered as the objective. To solve the problem, a hybrid discrete fruit fly optimization algorithm is proposed with the
framework of the fruit fly optimization by using the characteristics of the problem. Firstly, an improved heuristic and the
random method are used in a hybrid way to initialize the population. Then, probabilistic cooperation of multiple search
operators is executed as the olfactory search. To balance the exploration and the exploitation capabilities, a learning-
based bi-population cooperation scheme is designed. Meanwhile, local intensification search based on a bi-mode switch
scheme is applied for the elite solutions for further improvement. Simulation results and statistical comparison with
extensive instances show that the proposed algorithm can solve the distributed flowshop scheduling with interval data
more effectively.

Keywords: distributed permutation flowshop scheduling; interval data; hybrid discrete fruit fly optimization algorithm;

bi-population cooperation
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£R 1) KA A5 3 AT 9 i 15 1 IDPFSP (1)l ik 2. %
FASCHR (201 (9 773, XM T 10 5 = [p, pll,
o pE bR S b I LI IR), plt = pk 46, 0 €
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32 SHRE

K S256 580 771 (design of experiment, DOE)!2”]
B SO FIEVERE RS2, BT IDPFSP #& DPFSP

I3, 75 6K F Tal4_18 5413847 DOE il ik, &4~
SRR ANKCHE, R 1R,

% 1 HDFOA &7k FHUE

K
1 2 3 4
Indi_num 100 150 200 250
SN 1 2 3 4
Is 100 150 200 250
Emax 15 20 25 30

AR EAE K L (44) X H S HH G M8 1T
107K, EA 500 000 sk PFA A 26 1 #E D, B35 B 451 34
4 BE /E v B AH (response value, RV), 45 I 413k 2 iy
. HET, VAR B % S EAE R — KPR T P 2

#2 BHIEXRKRV

SR GRS RV
Indi_num SN Is Kmax
1 1 1 1 1 771.7
2 1 2 2 2 766.0
3 1 3 3 3 767.5
4 1 4 4 4 769.6
5 2 1 2 3 763.4
6 2 2 1 4 762.8
7 2 3 4 1 765.8
8 2 4 3 2 763.9
9 3 1 3 4 762.0
10 3 2 4 3 763.9
11 3 3 1 2 762.0
12 3 4 2 1 766.2
13 4 1 4 2 764.4
14 4 2 3 1 762.0
15 4 3 2 4 762.9
16 4 4 1 3 769.6
#*3I SBHTHRV
K Indi_num SN Is Kmax
1 768.7 765.4 766.5 766.4
2 764.0 763.7 764.6 764.1
3 763.5 764.5 763.9 766.1
4 764.7 767.3 765.9 764.3
ez 52 3.7 2.7 23
3 1 2 3 4

768F 768
7661 766F
7641 \\/‘ 764F

100 150 200 250 1 2 3 4

(a) indi_num (b) SN
768 768
7661 ’\ | 766k \ N
7648 . : | 764r e
100 150 200 250 2 3 a
(c) Is d) k.,
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33 HESERSSZITSH

K JH DPESP (198 & & B A 43 & 51k (HDCS)!™
FEAH A SV BN EAT VR RE LLEL, PR Fa 5 J9 A
X} H 43 Z2 (relative percentage deviation, RPD)

RPD = (alg — opt)/opt x 100. (13)

H i opt 4 http://soa.iti.es H1 1 A s L AH, alg N E
VR FEAR T Crnax (mic) (0 Crnax (1 71 2H). RPD
BN, SEIE TS Cax M PEREREAE. XA KR
451, 43 %) i} HDCS F1 HDFOA 1217 10 X, 353 Crnax
B B 22 AP 4. 6T BT 720 A 451, 4% T
B, R AT G iy 07 £ RPD . 77
U, 7EEERP T %0 F HDFOA ) & W 4i it M Re i T
HDCS.

%4 RPDHITHERSHTLE %
HDCS HDFOA
f
Bt Ex S U A T -4
2 4.03 5.35 4.65 3.54 4.54 4.29
3 4.41 5.94 5.14 3.90 4.94 4.69
4 4.22 5.51 4.83 3.83 4.90 4.65
5 4.37 6.06 5.21 3.88 4.90 4.67
6 4.36 5.79 5.05 3.87 4.89 4.64
7 4.20 5.56 4.83 3.79 4.80 4.56

R4 20 (2) i vt 720 4~ -5 H HDFOA Fr 43+
Conax 39T+ 5T 82T HDCS HIF ) O HI L
1, 41 &l 5 B 7. AT W, HDFOA Jit 43 i 3 A A T B 4%
T HDCS, A A 1% %5 T HDCS.

ol I S5 T % N L I .15 S 51
75%
31 k33 Rd g3 B 4 Qe
25% EET
0o, LIES 08 [od  fpa] |07 0§
T2 3 5 6 7
T HF

&5 HDFOA M T /4T /ZFF HDCS AILL
#5417 HDFOA 5 HDCS ] CPU V3438 17 i
[&]. 4R, HDFOA Ltk HDCS T Ay 2. H 32 2 i R 7E
T HDFOA I M BEIR S W1 6 4k LA o G T 38

M SRPEI R IR AT T (3 BRI 3
TR 1.

%5 CPURE®TEL B s
°) AR (F% T 0% HDCS HDFOA

2 22.28 18.51

3 25.46 21.78

4 31.70 25.49

5 32.05 29.26

6 39.45 33.28

7 43,51 38.03
T3y 32.41 27.72

N 2 A W R SR R A A R
5, 1E90 %o BAS KPR AES B0k 56 77 72 13047 W
MK k8. TS p {8 /T 0.1, W 52 B HDFOA 1)
PEfE 2 T HDCS. 41t & W, £ 720 5.4 h A
30.28 %o RIS p 4B /N T 0.1, B b, 76 4R [R] 6 2 P
BT, HDFOA I 48 i1 BE AR T HDCS, 7 H iz 47 i
] 5 45, HDFOA #2 3R i IDPESP (1) —fth 5 4 i 251 55
%
4 4 B

ARSCHE T SR A X R £ o) A B I K 2k 1) R
— TR B R e A R B ARV K R R AR 4
B S5 508 o T IR AIE T Sk 1A O R k. Bk
BH 2 ALTE T $2 T Sk (9 8 & =R ) 5 B ATL 7
FRIRE VIR, Wit T 2 TR IR FEALE 2
BRI FEIATS, 7800 RIESBRAEE T ERE; Wit T
WURNFE P [FIE 2R, 3 FE  2 RAR R S R R e
735 Wit T ARG T AR () U = i 2, g — P ot T
f I e . AR BRIE 78 AR ) = T A AN 2 )
(4 Je AR BEFRAR I ARAL B R 5L T DA
F 2 AR H AR F A

2 E 3@k (References)

[1] Grabowski J, Wodecki M. A very fast tabu search
algorithm for the permutation flow shop problem
with makespan criterion[J]. Computers & Operations
Research, 2004, 31(11): 1891-1909.

[2] Tasgetiren M F, Pan Q K, Suganthan P N, et al. A discrete
artificial bee colony algorithm for the total flowtime
minimization in permutation flow shops[J]. Information
Sciences, 2011, 181(16): 3459-3475.

[3] Lin Q, Gao L, Li X, et al. A hybrid backtracking
search algorithm for permutation flow-shop scheduling
problem[J]. Computers & Industrial Engineering, 2015,
85(1): 437-446.

[4] LuC,GaoL,LiX,etal. Energy-efficient permutation flow
shop scheduling problem using a hybrid multi-objective



936

*

R %£35%

(5]

(6]

(7]

(8]

(91

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

backtracking search algorithm[J]. Journal of Cleaner
Production, 2017, 144(1): 228-238.

Naderi B, Ruiz R. The distributed permutation flowshop
scheduling problem[J]. Computers
Research, 2010, 37(4): 754-768.

Gao J, Chen R. A hybrid genetic algorithm for the
distributed permutation flowshop scheduling problem[J].

& Operations

Int International Jorunal of Computational Intelligence
Systems, 2011, 4(4): 497-508.

Liu H, Gao L. A discrete electromagnetism-like
mechanism algorithm for solving distributed permutation
flowshop  scheduling  problem[C]. International
Conference on Manufacturing Automation. Hong Kong:
IEEE, 2011: 156-163.

Gao J, Chen R, Deng W. An efficient

search algorithm for the

tabu
distributed permutation
flowshop scheduling problem[J]. International Jorunal of
Production Research, 2013, 51(3): 641-651.

Wang S Y, Wang L, Liu M, et al. An effective
estimation of distribution algorithm for solving the
distributed permutation flowshop scheduling problem[J].
International Jorunal of Production Economics, 2013,
145(1): 387-396.

Shao W, Pi D, Shao Z. Optimization of makespan for
the distributed no-wait flow shop scheduling problem
with iterated greedy algorithms[J]. Knowledge-Based
Systems, 2017, 137(1): 163-181.

Bargaoui H, Driss O B, Ghedira K. A novel chemical
reaction optimization for the distributed permutation
flowshop scheduling problem with makespan criterion[J].
Computers & Industrial Engineering, 2017, 111(1):
239-250.

Wang J, Wang L, Shen J. A hybrid discrete cuckoo
search for distributed permutation flowshop scheduling
problem[C]. Congress on Evolutionary Computation.
Vancouver: IEEE, 2016: 2240-2246.

Moore R E. Methods and applications of interval
analysis[M]. New York: Prentice-Hall, 1979: 9-17.
Ishibuchi H, Tanaka H. Multiobjective programming
in optimization of the interval objective function[J].
European Jorunal of Operational Research, 1990, 48(2):
219-225.

Nakahara Y, Sasaki M, Gen M. On the linear
programming problems with interval coefficients[J].
Computers & Industrial Engineering, 1992, 23(1/2/3/4):
301-304.

Nakahara Y. User
its application to fuzzy mathematical programming
1998, 94(3):

oriented ranking criteria and

problems[J]. Fuzzy Sets & Systems,
275-286.

Jiang C, Han X, Liu G R, et al. A nonlinear interval
number programming method for uncertain optimization

(18]

(19]

(20]

[21]

(22]

(23]

[24]

(25]

[26]

(27]

problems[J]. European Journal of Operational Research,
2008, 188(1): 1-13.

Lei D. Population-based neighborhood search for job
shop scheduling with interval processing time[M].
Computers & Industrial Engineering, 2011, 61(4):
1201-1208.

Lei D. Interval job shop scheduling problems[J]. Int J of
Advanced Manufacturing Technology, 2012, 60(1/2/3/4):
291-301.

Lei D, Cao S. A novel shuffled frog-leaping algorithm
for flexible job shop scheduling with interval processing
time[C]. Chinese Control Conference. Dalian, 2017:
2708-2713.

Zheng H'Y, Wang L. An effective teaching-learning-based
RCPSP with ordinal
interval numbers[J]. International Jorunal of Production
Research, 2015, 53(6): 1777-1790.

Pan W T. A new fruit fly optimization algorithm:

optimisation algorithm for

taking the financial distress model as an example[J].
Knowledge-Based Systems, 2012, 26(2): 69-74.

Fuz, Hibe e, RuO R SO 0], HEit S
JZFH, 2017, 34(5): 557-563.

(Wang L, Zheng X L. Advances in fruit fly optimization
algorithms[J]. Control Theory & Applications, 2017,
34(5): 557-563.)

Wang L, Zheng X L. A knowledge-guided multi-objective
fruit fly optimization algorithm for the multi-skill
resource constrained project scheduling problem[J].
Swarm & Evolutionary Computation, 2018, 38(1):
54-63.

Zheng X L, Wang L. A two-stage adaptive fruit
fly optimization algorithm for unrelated parallel
machine scheduling problem with additional resource
constraints[J]. Expert Systems with Applications, 2016,
65(1): 28-39.

Yin L J, Li X Y, Gao L, et al. A new improved
fruit fly optimization algorithm for traveling salesman
problem[C]. The 8th International Conference on
Advanced Computational Intelligence. Chiang Mai:
IEEE, 2016: 21-28.

Onyiah L C. Design and analysis of experiments[J].
Handbook of Statistics, 2001, 30(2): 241-242.

&N

F¥e (1972—), B, Bz, LA, AR aeiii i

FEHS 5 U7 v 7T, E-mail: wangling@tsinghua.edu.cn;

Ak (1995-), 2z, T A28, IR REARAL AN E Y 2 A

i} 5, E-mail: j-zheng18 @mails.tsinghua.edu.cn;

F AR (1995-), X, 1l A4, R RENLAL A 2 R

FA 5¢, E-mail: wijjl8@mails.tsinghua.edu.cn.

(TG ML)



