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Improved slap swarm algorithm for scheduling of flexible job shop

ZHAO Wenchao', GUO Peng'?, WANG Haibo"’, LEI Kun'

(1. School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China; 2. Technology and Equipment of
Rail Transit Operation and Maintenance Key Laboratory of Sichuan Province, Chengdu 610031, China)

Abstract: To deal with the scheduling of a flexible job shop and minimize the maximum completion time, an improved
salp swarm algorithm (SSA), based on the standard SSA, is proposed in this paper. Two-dimensional vectors based on
the process and equipment are encoded, and the population is initialized with the consideration of the machine workload.
Based on a Lévy flight, the leader position update method is discretely improved. The adaptive inertial weight is intro-
duced into the follower position update formula to balance the global search and local search performance of the al-
gorithm. To improve the search efficiency, the proposed SSA adopts crossover and mutation operators based on the crit-
ical path to guarantee population diversity. Moreover, simulated annealing is applied to improve the local search capa-
city of the algorithm. Standard examples are compared and calculated, and the results verify the effectiveness of the pro-

posed algorithm.
Keywords: flexible job shop; salp swarm algorithm; Lévy flight; discretization; inertia weight; critical path; simulated
annealing; local search
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Table 2 Benchmark functions

PRIZK Y & Xk PRSP A
Fi(x) = ZX? 30 [~100,100] 0 g
i=1
Fz(X)=Z|x,-|—l_[|x,-| 30 [~10,10] 0 P
i=1 i=1
n i 2
Fay(x) = Z (Z xj] 30 [-100,100] 0 B
i=1 \j=1
Fy(x) = max{|lx],1 <i<n} 30 [~100,100] 0 FLIG
- 2
Fs(x) = Z [100(x; 1 —x7)" +(x;— 1)*] 30 [~30,30] 0 B
i=1
Fi(x) = Z (Ix;+0.5])° 30 [~100,100] 0 el
i=1
Fi(x) = Z ix! +random[0, 1) 30 [-1.28,1.28] 0 el
i=1
Fg(x)= ) —x;sin( +/|xi| 30 -500,500 -418.982xD g
[ ]
i=1
Fo(x) = Z [xiz —10cos(2nx;) + 10] 30 [-5.12,5.12] 0 EA:
i=1
1 n 2 1 n k
10(x) = —20exp| 0. - > xi|—exp|— ) cosmx; e -32, %
Fio(x) = —20exp| —0.2 Z l p Z Qnx) |+20+ 30 [-32,32] 0 Zli
n i=1 n i=1
x3 EERBMRLERTLE
Table3 Comparison of optimization results of benchmark functions
PR LD SSA SSACL IDSSA PR EiE7n SSA SSACL IDSSA
BAE 440x10 "7 1.48x10 " 0.00x10° B 3.86x10 0 1.63x10 7 1.47x10 "
F, o BB 9.53x10 7 233x10 7 3.83x10 || p,  FHMH 1.01x10°  828x10 7 6.73x10
R 371x10° 127x10 % 2.06x10 bz 427100 3.15x10 7 1.99x10 "
BAE 5.13x10° 220x10 ° 0.00x10° B 2.62x10°  223x10° 2.23x10°
F,  EHME 249x10°  136x10 " 14210 " F, P 128x10°  7.13x10°  4.11x10°
PR 1.04x10° 5.63x10 0 6.37x10" bR 9.60x10°  7.78x10°  1.88x10°
BAE 521x10 0 1.02x10 0 0.00x10° B -3.38x10° —4.19x10°  —1.04x10"
Fy BB 237x10° 168x10 " 114x10 " Fy BB -281x10°  —4.11x10°  -8.58x10’
PR 675<10°  0.00x10°  6.17x10 " FRfEZ  3.69x100  3.41x10° 1.19x10°
BAE 9.78x10°  7.42x<10 0 1.01x10 O BE 5.97x10° 0.00x10°  3.07x10"*
F, P 1.89x10°  3.96x10 0 1.49x10 F, P 179x100  9.47x10 °  6.78x10
PR 830x10°  2.87x10°  8.01x10 7 bz 7.11x100 5.19x10 0 6.38x10°
BiE 4.30x10° 0.00x10" 0.00x10" B 9.14x10° 8.88x10 'C  8.88x10 '°
Fs  FHME 3.69%10° 8.87x10° 9.40x10 " F, M 943x10' 3.97x10 7 8.88x10 '
P 6.56x10° 4.01x10° 7.60x10 bRz 1.03x10° 1.23x10° 0.00x10°
4.1 EEXESEHER CH | Brandimate £ H A9 551 MKO1 45 52 K
SR EXMBEERRA R RN, S8k ERIESEC DR R 2 S s 1T E

SEUR S T o i 10 5 R B 150 AT I T ke Al e

e, 2053 Z UGN E A S B, AR SR
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& 7(b) 7R, ¥4 IDSSA Fik 5 R & R i 2R 0k
W A ACHE SSA FLE HEAT X L & B, IDSSA vk 3
P TR RS

SRS UE T HE MIP A5 76 (% T ff P 5 2 BT 4 Ak
i A AR MEXT I 2%, R H Brandimarte JE#E
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Ll 5 AS SO H B3 5 At SR 32 AH A S T
e P A B AN E 29 25 RPD(relative percent devi-
ation), & AR

RPD = [(C,.x — UB)/UB] x 100% (19)
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Fig. 7 Comparison of IDSSA and SSA convergence curves
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Table 4 Comparison of calculation results of Brandimate instances

MIP HGWO"™ Heuristic!” IDSSA
BBl pxm UB
Chax RPD/% CPU/s  Chx RPD/% CPU/s  Chi RPD/% CPU/s  Chix RPD/% CPU/s
MkO1 10x6 40 40 0 6.0 40 0 36.3 42 5.00 0.09 40 0 14.2
Mk02 10x6 26 27 3.84 4.2 29 11.53 38.7 28 7.69 0.17 26 0 12.5
Mk03 15x8 204 204 0 42.4 204 0 165.8 204 0 0.52 204 0 1.2
Mk04 15x8 60 62 333 462.8 65 8.33 75.9 75 25.00 0.20 65 8.33 18.6
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MIP HGWO" Heuristic'” IDSSA

Coax RPD/% CPU/s  Chy RPD/% CPU/s  Chix RPD/% CPU/s  Cpx RPD/% CPU/s

=Rl nxm UB

MKkO5 15x4 173 182 520 4853 175 1.15 96.7 179 346 0.20 175 1.15 24.9
MkO6  10x15 S8 67 15.51 6722 79 3620 168.6 69 18.96 045 67 15.51 13.6
MKkO7 20x5 139 154 10.79  533.0 149 7.19 92.1 149 7.19 0.39 145 431 100.2
MkO8  20x10 523 523 0 359.6 523 0 340.8 555 6.11 0.66 523 0 33.8
Mk09  20x10 307 325 586 9455 325 5.86 378.9 342 1140 094 325 5.86 28.5
Mk10  20x15 198 265 33.83 105.8 253 2777 3885 242 2222 1.20 232 1717 456

ARPD/% 7.83 9.80 10.70 523
25 4 T AR U AR Fattahi MR AE - AP K, WA KA (R MFIS9 Fil MFJS10) I,
fie, XFH oy A HTS/SAP, ATAY MIG® %5, 7E4% AU WoR B IFASR g PEfE . K 8 i IDSSA
INFIAR B b, R a6 R e 22 A A SR i 0] B MIFJS9 i Hh 45 5 i HH R 1A
& 5 Fattahi EFTEZERIFLE

Table 5 Comparison of calculation results of Fattahi instances

HTS/SAY AIAM MIG" IDSSA
Crox RPD/% CPU/s Cpae RPD/% CPU/s Cuae RPD/% CPU/s Cua RPD/% CPUJs

=R nxm UB

SFJS1 2x2 66 66 0 2 66 0 0.03 66 0 0.00 66 0 0.02
SFJS2  2x2 107 107 0 3 107 0 0.03 107 0 0.00 107 0 0.02
SFJS3 3x2 221 221 0 5 221 0 0.04 221 0 0.00 221 0 0.04
SFJS4  3x2 355 355 0 7 355 0 0.04 355 0 0.00 355 0 0.04
SFJS5 3x2 119 119 0 9 119 0 0.04 119 0 0.00 119 0 0.04
SFJS6  3x3 320 320 0 7 320 0 0.04 320 0 0.00 320 0 0.05
SFIJS7  3x5 397 397 0 9 397 0 0.04 397 0 0.00 397 0 0.05
SFJS8 3x4 253 256 0 10 253 0 0.05 253 0 0.00 253 0 0.06
SFJS9  3x3 210 210 0 11 210 0 0.05 210 0 0.00 210 0 0.05
SFIS10  4x5 516 516 0 10 516 0 0.05 516 0 0.00 516 0 0.07

MFJS1  5x7 396 469 1843 30 468  18.18  9.23 462  16.67  0.00 468  18.18 0.29
MFJS2  5x7 396 468 18.18 30 448  13.13 935 446  12.63 0.00 446  12.63 0.47
MFJS3  6x7 396 538 35.85 50 468  18.18 10.06 450  13.64 0.002 458  15.65 2.24
MFJS4  7x7 496 618  24.59 80 554 11.69 10.54 554  11.69  0.00 554  11.69 8.69
MFISS  7x7 414 625  50.96 64 527 2729 10.61 514 2415  0.00 514 2415 1.95
MFJS6  8x7 469 730  55.65 102 635 3539 22.18 634 3518  0.00 634 3518 12.67
MFJS7  8x7 619 947 5298 190 879  42.00 2482 881  42.33 0.00 877 41.68 22.68
MFJS8  9x8 619 922  48.94 182 884 4281 2694 889 43.62  0.00 884 4281 58.32
MFJS9 11x8 764 1105 44.63 330 1088 4241 30.76 1059 3861 0.005 1055 38.08 136.35

MEFJS10 12x8 944 1384 46.61 430 1267 3422 9094 1214 28.60 0.005 1196 26.69 162.65

ARPD/% 19.90 14.27 13.35 13.33
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