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A multi-population particle swarm optimization algorithm with
random network for solving multi-resource constrained
flexible job shop scheduling problems

CUI Hanghao s ZHANG Chunjiang , LI Xinyu
(School of Mechanical Science &. Engineering, Huazhong University of Science & Technology,
Wuhan 430070, P. R. China)

Abstract: Multi-resource constrained flexible job shop scheduling problem (MRC-FJSP) is a kind of
complex combinatorial optimization problem. A multi-population particle swarm optimization algorithm
with random network (MPSO-RDnet) was proposed for solving MRC-FJSP with the objective to minimize
makespan. First, a new decoding method which combines semi-active decoding and heuristic rule decoding
was designed. The original solution space was cut out effectively. Second, two neighborhood structures
based on the critical path were designed to improve the local search ability of the population, and a multi-
population strategy based on the random network structure graph was added to improve the global search
ability of the algorithm. A reinitialization strategy for the algorithm search stagnation was proposed to

enhance the robustness of the algorithm. Numerical experiments verified the effectiveness and efficiency of
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proposed algorithm.
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s PSO B 1 H T 3R it MRC-FISP, BUi5 1 847 1o 4%

1 MRC-FJSP ja] & f# iR

2208 VR ZE PR ARl 4 1) A B2 ) JU2 AL 48 FISP (4R ', 2 BL7E FISP (3L hili 38 im T AL 28 o 4% B[] B
FRZH . MRC-FJSP 4 & AL#% 43 BC 7 ) &, T 5 HEZ 0] R A ML #8 Bc B 7 A A, MRC-FJSP nJ DLk i ik
wr .

DEn DNTHET T JDDEEm SPLEEWM, M, ,M,) FimT

)T T AL B n 38 T T A0 0 J2 195 5 19 5

BRI TIFO , &8 W] LL AT HE i THLER 4 2, PR — S LSS AT T

D TIFPO ,; FEHLEEM , L T ) 2 18 5 BRI 5

STEZENA r 8MPETR (R LR, -+« JR7) , 4SS 97 IR A4 B0 2 TG B 2 14 5

6) [F]— & L7 76 [/ — B 220 e T — 38 T 05

7) R — > B 5% 5 7 ] — s 220 L RE AR 55 — B LA

8) A — T-AF i [F] — 38 T 78 W] — i 2 L RE i — S AL n 12

9) B —il ¥ — BIF I TRt A e e b et

10) [A] — T A B AR TR TR Z 181 e R A 3 R 6] T AR A TR T 2Z TRl A I e g sl

L) T AT T A A 22 B 200 w] LA N T, JT A BIL 45 R 8 5 £ 2% s Z20 68 mT Ak ol A

12) 2% R A% 1 & i E]



58 TR K FFHK % 45 &

DL /M K58 TR B AR R AR T RIER T .
min C,.. =min(max(C;)),1 < < n, @)
KA C R TR B T 58 B A fa]

2 EF MPSO-RDnet X f# MRC-FJSP

2.1 HEB5M®E
2.1.1 %
HY TR 25 T [R] — 288 B 5 1 B 2 T ) 22 S B 2 S ML G ) ik 2 R B0 R A R R, R Y
FRRCREAL . Kk, MRC-FISP R 45 T3 HES ] & AL 2% 43 B 1] 52, 45 0 T BL s ) BRE e V6 i 8 7 At % By
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Fig. 1 Encoding of individual particles
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Fig. 2 Example of IPOX operator operation Fig. 3 Example of MPX operator operation
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Fig. 4 Visual examples of feasible insertion
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Fig. 5 Neighborhood mobilizing based on N-SM
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T MR 2R AR S 2 OO TR R Wz N . R SCHK R R T Y 22 b R IR 4R T R 4%
45 K3 38 15 ) 22 T AR SRS

B R AL R R AR IR AR UGR AU SE U AT B9 5 R SR 28 g B A A PR 8 U Sy — S R R 5
AR JBE (L o AR R R RS 2 o TN SR UG B R R B AL i M — S R B RO TE A A B R R 2
FER R e R D VATD W Bl N v AV e s BN G i VR S S R T 2 o e R (S TR (ER SV
LS S IS TR R 2 18] A ST B 5% 2R AT R OB 1 RS R 2 1) 75 2 JE R L S B R R I B R
JEA

AT L) 02 10 I 4 S5 K TR AT 3 i s TOAm B TR 25100 Je skt 19 2 110 R AIL 1o 20200 B BIL ) 24 2
5B 701 W6 1 20 o A ) 2 A5 R DL 6. A% 1Y R 2 TAD B 4 OC ARl i B % R (CP, connection
probability) BEAT I T . 4 CP BUELAL I . 2% 35 4 1) B R0 3 45 w7 5 25 CP U B/ 25719 e 14 12 2800 a6
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Fig. 6 Random network structure
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0—1 7486k, ARG HUE R 1 B, RN PR N AL Ar g SR 2 D F B AL B X R YA mIUE R 0
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554 A 2 AN E R BEALBE I 1 AR P R A S A
2.6 FTHBEHVBRL
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h T RGN B IR B AR O MR RIS T WS R T T A A A% Y T R R AT T M IR AR A
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Fig. 7 Flow chart of improved MPSO-RDnet algorithm
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3.1 FRAENKES

H Al MRC-FJSP iy 5% & 45K Fl Wu &7 78 2008 4F48 1 (9 SETSP 86K 7 O 500 14 68 L % 5 6l
A DUAE P 5K Ay B S 86 25 1] 7 W 3G B 7 0T https: // dalab.ie.nthu.edu.tw/newsen_content.php? id=0 k5],
SFTSP & |44 5 4 large-scale B (LS1.L.S2.1L.S3. LS4 1 LS5) 1 5 4~ wide-range 2] (WR1,WR2.
WR3.WR4 fil WR5), large-scale BHI4L7E 100 4~ T .36 S LAY . BF 5 HL48 75 22l B 3 ZE P92 U8, i T msf
[B] 43 F X [8] [1,15] P HLAS HEA B[] 67 F X 8] [1,5] N ; wide-range B {0 & 60 A~ T14.36 GHl#%. &5
fv it BECE 3 ZRBE RS L TR )7 T IXE] (1,507 P9 ML A B )47 T IXCfE] 1,157 9,

MPSO-RDnet 5 34 72 MATLAB R2016a # {F L4 %5, i2 17 #8589 Core 4C+6G 1.9GHz CPU K&
Windowsl0 &4t .
3.2 HREMERSSHIEE
3.2.1  HAEEH IR AR

KT ZE A VAR R I Wl SR R AR E ML B T T 3R X O E IR 22 C(ARSD., average relative success
deviation) & . TEN4 ARSD Z |, 1 545 A X0 HE f 22 (RSD, relative success deviation) f 22 3.

1 <A Che — Cr
RSD—ﬁz —eT X100, (1

A RT A FIE B RZ B B9 M0 3738 47 B, C 1 278 BUAE SCHR 45 H A 3238000 9 24 i DG AEL, C s AR IR
18 7 R AT IR Y B AL 1R

rt=1

1 BM
ARSD =1 > RSD,,. (8)

bm=1

K RSDy,, B HE LRSS bm AN (04 A GO0 i A 22 s BM 378 SETSP 1y B854, BUE A 10,

ARSD 8/, Ul I L 2R G PERE B AT .
3.2.2  HEEIFN IR AR

TR WX R AT, 2% T Sk A B 1 S 808 B, MPSO-RDnet 412 f# 1) 51 K0T Ak vk L
10 000 WA R AR AR S5 0F  FRBE LB B2 1 60, B I%8 47 Hp X F R R BB | 78 S AE 3R A% 30 A0 3 0 1 b e
B0 R Ak (B AT 22 W L5 B A a8 AT AU AR (4 R 5.0.1,0.6.10,
33 ETHIMEEMNSHERIENERERIE

Z PP R M TELE B R RE 2 RV T A B R O T IR S A 1) 2 R R W L R I SE R T
FEARAE AL 2 B2 B T4 T . PSO 76 [F] 22 R oiE 3R 0 N B % B — A B B 7 12 47 10 L 45 3111 ARSD 4
F 1R,

F1 HFAETREZMHMEREE PSO KGH ARSD
Table 1 ARSD obtained by PSO with multi-population strategies

EZi | ARSD {8
T Z R SR W 1.87
AHEA —0.25
To b BE M 44 1.12
BEAL I 45 —1.53
43 Yt f ) 4% —0.96

AT LUE WA BEALIN 2% 19 2 F e PSO LR i MRC-FISP AR b o 3002 (K o BEAIL 199 2% 245
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e v 3 AR S PT AR 5 (] S AT R T L A B R BT
3.4 EHiEXH

H T Bk MPSO-RDnet 78K fi# MRC-FJSP I (38 HI 14 F1 A 2501  554% MPSO-RDnet 5355 H A K fi
MRC-FJSP fe ey 5 A8 2 (nFOAM . KMEAY [ SM*-MBOM! [ CCIWO™! \WSA ) gEf7 e xt, 53X 5
AN — B, MPSO-RDnet t4F%F & — A8 Gl b S22 17 10 G AE BT LS R E 2, NERPATIFE B
MPSO-RDnet 1§ %] 7 fF 4 54 (4 5 S ERE 7B WR4 UMY JEA (30 5% A vfE 22 (SD) 7 it £ BLR
B, XL T MPSO-RDnet BY&EMEAE® & . (HAEZ 470 A (2epy) |- MPSO-RDnet {3 F H % KL 3% it
W] MPSO-RDnet [R50 30 A 42 T

®2 HEMLERE

Table 2 Algorithm comparison results

nFOA KMEA SM?-MBO

451

it HE SD  teeu/s WMl HfH SD  terv/s R HIME SD  tepu/s
LS1 104  108.4  3.51 4.13 98 101.4  1.56 1.56 90 92.9 1.79  0.75
LS2 113 1175 3.14  3.71 107 113.3  2.33  2.33 99  100.8  1.16  0.64
1S3 102 107.8  2.89  3.63 99 103.2  1.51 1.51 93 94.9  0.91 0.58
LS4 119 123.6  2.10  4.00 117 121.1  1.80  1.80 110 1124 116  0.59
LS5 107 115.6  4.00  3.76 107 112.5  1.65 1.65 101 103.3 1.09  0.62
WR1 245  250.4  3.57  3.46 229 238.0  3.83  3.83 217 2245  3.25  0.43
WR2 191 204.8  3.29  3.00 186 198.0  4.34 4.34 173 179.1 2.66  0.42
WR3 220 226.8  3.43  3.10 210 217.8 274 2.74 198 201.9 1.70  0.42
WR4 185  189.8  4.04 2.73 185 185.6  1.74 1.74 185 1850  0.00  0.42
WR5 222 227.3 313 3.20 204 214.8  3.66  3.66 191 196.3  3.10  0.38
) CCIWO WSA MPSO-RDnet
e wmiE YA SD teu/s  EAL BMH SD  reeu/s WAL BME SD  tepu/s
LS1 89 93.2  2.04  3.05 86 88.5  2.74  7.23 83 853  2.24 281
LS2 99  101.9  1.68  3.00 97 98.8  2.02  6.27 94 95.6 1.08  2.62
LS3 93 96.5 1.74  2.89 90 92.6  2.74  5.83 87 89.5 2,03  2.04
LS4 109  112.8  2.05  2.96 108  109.3  1.57  7.11 103 1059 286  3.17
LS5 99  103.3 1.62  3.06 98  100.9  3.15  6.73 97 98.6 1.12  2.74

WR1 219 227.1 4.43 1.81 216 221.3 6.27 6.20 213 216.8 2.31 3.11

WR2 174 187.5 6.81 1.62 173 177.8 5.62 5.57 170 172.9 2.45 1.98

WR3 196 203.4 3.48 1.77 196 199.4 3.85 6.23 195 196.3 1.27 2.28

WR4 185 185.0 0.00 1.69 185 185.0 0.00 5.33 185 185.0 0.00 1.25

WRS 192 202.5 5.77 1.72 189 193.8 5.31 6.63 187 190.2 2.74 1.62

2 IO S A 26 8 HE N A8 B ) B 1R
2.8 BB T IR EE 4> 3 K . nFOA (Core i5 2.8 GHz CPU) ,KMEA (Core i5 2.4 GHz CPU) ,SM2-MBO (Core i5 2.3 GHz CPU)
CCIWO(Core i7 3.6 GHz CPU) \WSA(Core i7 2.4 GHz CPU) ,MPSO-RDnet(Core 4C+6G 1.9 GHz CPU),
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5T Lhi/Me i K 5E TR R 8 B AR B9 MRC-FJSP, 2 i} T —# MPSO-RDnet &3, % 1 T 5 F K
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