Journal of System Simulation

Volume 30 | Issue 11 Article 42

1-4-2019

Flower Pollination Algorithm for Multi-Objective Fuzzy Flexible
Job Shop Scheduling

Wenhao Xu
Engineering Research Center of Internet of Things Technology Applications Ministry of Education, Wuxi
214122, China;

Wang Yan
Engineering Research Center of Internet of Things Technology Applications Ministry of Education, Wuxi
214122, China;

Dahu Yan
Engineering Research Center of Internet of Things Technology Applications Ministry of Education, Wuxi
214122, China;

Zhicheng Ji
Engineering Research Center of Internet of Things Technology Applications Ministry of Education, Wuxi
214122, China;

Follow this and additional works at: https://dc-china-simulation.researchcommons.org/journal

b Part of the Artificial Intelligence and Robotics Commons, Computer Engineering Commons, Numerical
Analysis and Scientific Computing Commons, Operations Research, Systems Engineering and Industrial
Engineering Commons, and the Systems Science Commons

This Paper is brought to you for free and open access by Journal of System Simulation. It has been accepted for
inclusion in Journal of System Simulation by an authorized editor of Journal of System Simulation.


https://dc-china-simulation.researchcommons.org/journal
https://dc-china-simulation.researchcommons.org/journal/vol30
https://dc-china-simulation.researchcommons.org/journal/vol30/iss11
https://dc-china-simulation.researchcommons.org/journal/vol30/iss11/42
https://dc-china-simulation.researchcommons.org/journal?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol30%2Fiss11%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/143?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol30%2Fiss11%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol30%2Fiss11%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol30%2Fiss11%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol30%2Fiss11%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol30%2Fiss11%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol30%2Fiss11%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1435?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol30%2Fiss11%2F42&utm_medium=PDF&utm_campaign=PDFCoverPages

Flower Pollination Algorithm for Multi-Objective Fuzzy Flexible Job Shop
Scheduling

Abstract

Abstract: For the uncertainty of parameters during flexible industrial process in the manufacturing
workshops, a model of multi-objective fuzzy flexible job shop scheduling is established. To solve this
model, the processing time, processing cost and material cost are described by triangular fuzzy numbers
to minimize the makespan and production cost. An adaptive discrete flower pollination algorithm
(ADMOFPA) is proposed. A discrete operator is utilized in the algorithm to discretize the solutions at the
initialization period. To enhance the global exploration and local exploitation ability of ADMOFPA, an
adaptive mutation operator is adopted. By simulating the instance of one flexible production workshop
using the proposed algorithm, the results validate the effectiveness of the proposed algorithm compared
with the basic FPA and particle swarm optimization.
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Abstract: For the uncertainty of parameters during flexible industrial process in the manufacturing
workshops, a model of multi-objective fuzzy flexible job shop scheduling is established. To solve this
model, the processing time, processing cost and material cost are described by triangular fuzzy numbers to
minimize the makespan and production cost. An adaptive discrete flower pollination algorithm
(ADMOFPA) is proposed. A discrete operator is utilized in the algorithm to discretize the solutions at the
initialization period. To enhance the global exploration and local exploitation ability of ADMOFPA, an
adaptive mutation operator is adopted. By simulating the instance of one flexible production workshop
using the proposed algorithm, the results validate the effectiveness of the proposed algorithm compared
with the basic FPA and particle swarm optimization.
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C =25, C,=2. U4, FIBEHIEN 50, 1EARIK
#1000

3.2 K LRI

AR R (12)F 7R (A 5 £ B (C i)
FEMPIR K AR MOSFISP [R1350R
{b eBlJacA: aS’Z@ﬂb}‘

B|

Adra. bsilh A B BIFEILFTSH 0 Pareto
BIAS I —41 Pareto fi#, || X7~ Pareto fREERIA
. 24 C(AB)>C(B,A) I, FIAFL A KRR
RT3 B,

C(AB)= |

(12)
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F 2 RO T RN T A
Tab. 2 Fuzzy processing time and cost

T TR BLAS 0 LI [E)/h
M, M, M; My Ms Mg M, Mg
1 — — — (11,12,14) — (9,10,11) (8,9,11) -
NN 2 (15,17,20) — — — (15,17,19)  (9,10,11) — (14,15,17)
3 — (21,24,28) — (10,11,13) — — (9,10,11) —
1 — — (14,16,19)  (9,10,11)  (1921,24)  (13,14,16) — (15,17,20)
2 (7,8,9) (11,12,14) — — (17,19,21)  (10,11,13) — —
. 3 — — — (13,15,17) — (19.21,23)  (21,25,29) —
4 — — — — (17,18,21) — (8,9,10) —
5 (11,12,13)  (13,15,17) — (12,14,17) (8,9,11) — (9,10,11) —
6 — (8,9,10) — (6,7.8) (9,10,11) (7.8.9) — —
1 — (12,14,16) — — — — (15,17,19) —
3 2 — (20,23,27)  (21,23,27)  (15,17,19) — (17,18,20) — —
3 — — (18,20,23)  (8,9,10)  (20,22,25) — — (19,21,24)
4 (6,7,8) — (9,10,12) — (7,8,9) (10,11,13) (8,9,10) —
1 — (17,18,20) — — — (15,17,19)  (16,18,21) —
J 2 — — — (9,10,11) — — (11,12,14) —
3 — (7,8,9) (10,11,12) (7,8,9) — — (8,9,11) (18,20,23)
3, 1 — — (21,2427)  (9,10,12)  (14,16,18) — — —
2 — — — (15,17,19) — — — (7,8,9)
1 — (18,20,24) — — — — (20,22,26) —
Js 2 — — (17,18,20) — — — (17,19,22) —
3 (17,19,22) — (16,17,20)  (14,16,18)  (15,16,18) — — (16,18,20)
1 — — (14,16,18) — (15,17,20)  (14,16,19) — —
5, 2 (20,22,26) — — — (18,20,23)  (20,22,25) — —
3 — — — — — (16,18,21)  (21,23,26) —
4 — — — — — (9,10,11) — (22,24,26)
1 (10,11,13) — — — — — (19.21,24)  (19,21,24)
Jg 2 (23,25,29)  (10,11,13) — — — — — —
3 (21,24,27)  (17,18,21) — — — (22,25,28) — (18,20,23)
1 — (11,12,14)  (8,9,11) — — (12,14,16) — -
2 (22,24,28) — (10,11,13)  (18,21,25) — (19,22,25)  (23,25,28) —
Jo 3 — (10,12,14) — — — (15,16,19) — (17,19,21)
4 — (5,6,7) — (7,8,9) (6,7,8) — 9,10,11) —
5 (8,9,10) (11,12,14) — (5,6,7) (10,11,13) (7,8,9) (9,10,12) —
a 1 — (17,19,23) — — — — (19.21,25)  (21,23,26)
2 — (16,18,20) — — — (23,24,27) — (10,12,14)
f)\éMk /(JG/h) (7,8,9) (4,5,6) (9,10,11) (8,9,10) (6,7,8) (5,6,7) (8,9,10) (3,4,5)
T3 LA R R A
Tab. 3 Fuzzy material costs of jobs
T N J, J; Js Js
1\//IVCJi /TG (139, 160, 181) (187,210, 248) (409, 440, 502) (304, 340, 396) (513, 570, 657)
TAF Js J7 Js Jy Jio
MCy, /76 (260, 300, 340) (282, 310, 345) (135, 150, 172) (351, 390, 460) (422, 460, 515)
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h T e IR BRI 22 0 S 56 45 SR R R,
ADMOFPA. FPA. PSO 4;HIMS7IZAT 20 ¥k, B
Joi SREUER IS AT 45 R i 1k =Rk C A,
IR C MR RE . A e/
. YLLK 22, W3k 4 PioR. ok, Rpghh
T PR 23 S HEAT Wilcoxon FRAKLI I 1) &5
ROZZEIKTH 0.05) 0 28 AR 73 28 46 Fa i

“+7 R ADMOFPA B E R TFHHX N 5L, o]
DLE i, ADMOFPA 75 20 YGBAT G C W EE (5K
fH A BEERKTHRAWM L, HRERT
FPA. PSO: SHILIIEAT 7 ZE0g imy T HABSEE . Ui
] ADMOFPA 7E4EFFF G 2 FEPERI RN, RERSAS
FI ALY Pareto il 4

#* 4 ADMOFPA 5ILAhSH % C W& LR

Tab. 4 Comparison of ADMOFPA with other algorithms
with respect to C measure

ADMOFPA(A) vs. ADMOFPA(A) vs.
C FPA(F) PSO(P)
CA,F)  C(F,A) C(A, P) C(P, A)
% AK{§E 0.8000  0.7500 1.000 0 0.600 0
Hff 05000  0.2250 0.550 0 0.250 0
f/ME 0.0000  0.0000 0.000 0 0.000 0
¥ifH 04807 02435+ 05025  0.2652%
JiZE 00538  0.0475 0.080 1 0.061 3

h T T s e S 1 B O A IS DL, X
20 41 C MIEE Ll ka3 Fros AR . M
il LLE ., ADMOFPA Sy AH b T HoAth p b 55
%, C AL, JFHBIRALT PSO ik, K
{E3K fi# MOSFISP I e 18 3R 43 S (1) Pareto F¥T

g LATIR, ASCHEHY ADMOFPA REfS 4
SRS R AR AL RIEAT A, SRR 2 A,
NIRRT SRR YN EIS = 27/

HH 1A SR H = A BRI EOR RAE S0 AN
SEVE, TR, AR PSR £ bl s S 0 o D) — ey

ARG HAR
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B2 (ay,a,,85) I BLAE LA — AN
(ay +2a, +ay)/4 - TAHHGIZAT 20 PG —=Fhiisk
1) Pareto fif 45 HH RN 5 K 56 IR T) L BRI A 77 1k
AR L3R RN AR Dy e A8, B S AE —4EAR bR &R
2 LT Pareto HIWY, WK 4 FioR, x &R
KGE TR, y R A= oA . BT LU H
ADMOFPA S RAF[FIEAL Pareto FHIA7E LA
PRIV R T o AR PN 50 R] LA 2 ) S B
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Fig.3 Comparison of ADMOFPA with other algorithms
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