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Tab.1 Improred arithmetic optimization algorithm
1% AT
1 BE TAOA 28 a.p
2 0 463 A o A
3 While (C << T)
4 T A A A PR 9 35 R (B
5 SR A
6 A (12) T H MOA(){H
7 i = 1D 33 MOP () fH
8 For G =1: N)
9 For (; = 1: D)
10 If ri >A o ()
11 Ifr,<0.5
12 AT 2O Hh B B 1 1 R B
13 Else
14 AT 2 B 3R 1 R g
15 End
16 Else
17 If r,<< 0.5
18 AT 10D v Y I 48 R SR
19 Else
20 AT 10D Y s 48 2R SR
21 End
22 End
23 End
24 End
25 AT 6 Fi &1 Bk 48 R SR
26 C=C+1

27 End
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o7 5 [n] i
5 B4
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MUEW] TAOA 76 JSP [a) 8 rb i 47 A0 A SO TAOA 5 AR AL (grey wolf optimization, GWO) | #7 1
AOA FIB A = R E L AL 55 3 Carithmetic-trigonometic optimization algorithm, ATOA) ™ #E 33 i 4E |
HEAT L, Ho R RE /Ny 30, 36 AR EL 200 U, BEFR 2 AAT 10 K. RO SR AR O B /ME (F L0 A2
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Tab.3 Parameters of algorithm
(=%73 ZH
IAOA Apx=1A,,=0.2,a=5,4=0.449,8=0.01
AOA A =1A,=0.2,a=5,=0.449
GWO Ay =25Am=0

ATOA A =1:A,:,=0.2,a=5,2=0. 449
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ST ZERANFE 4 PR T AOA.GWO B ATOA, 7T RL&EE TAOA Y f5e /M fie K 52 BBt 18] 1) fi
PEAE AP (EAE 33 AN A R B 45 Y g de it . For , d5 0 {8 100 W 38002 9 e SR 0 1 491 e /s B 1k 1 2
RIS I . TR AT T2 T2 TR R BE R B, TAOA I ELF, F0 1a26 ~1a30 3% 5 MK K 20
AT AEAE 10 BHLES BT IAOA FE F o M1 F L 3X 2 N8 FR B A iR 5E TR T 100 s 247, X WEH T
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Tab.4 Results of experimental

IAOA AOA GWO ATOA

B

FTO06 59.027 15 58.795 84 61.267 66 60. 551 24 61.9054 8 60. 143 33 60. 565 29 59.643 25
FT10 1 064. 807 1 037.72 1 152.796 1 098.652 1 165. 283 1133.21 1 136.402 1 086.7
FT20 1 394. 292 1 357.523 1 546. 64 1457.191 1 546. 141 1 504. 057 1504.727 1 466. 206
la01 729.959 717.405 3 771.921 8 757.461 6 763.396 2 744.903 1 766.269 9 753.450 1
la02 727.548 4 702.749 792.870 2 756.739 1 791.007 9 771.861 9 780. 747 6 724.274 2
la03 680.138 9 665. 661 9 723.661 7 718.754 6 701.184 6 684. 261 1 708. 666 8 689.912 6
la04 648.721 8 632.6219 680. 943 1 661.270 4 693.822 2 664.561 7 676.481 9 663.950 3
la05 620. 833 608.725 5 651. 366 4 641.964 9 647.845 8 638.179 640.166 1 624.537 5
la06 992.843 4 984.188 1 1 062. 451 1 047.101 1048.112 1024.693 1 044. 95 1 015.722
la07 996. 093 4 968.593 4 1 056.703 1 039.724 1 048.463 1 030. 441 1 050. 363 1033.103
1a08 943. 605 920. 210 2 999. 566 4 989.096 3 993.973 2 960. 076 997.387 4 982.841 5
1a09 1 054. 249 1 030. 43 1 110. 597 1 082. 816 1 098. 424 1 080.198 1 099. 41 1 089. 785
lal0 1 027. 888 1 012.152 1 087. 568 1 072.954 1 081. 337 1 067. 306 1 077.843 1 056. 847
lal1l 1 330.512 1 307.379 1424.125 1 395. 689 1 403.59 1 389.062 1 416. 441 1 391. 839
lal2 1 173.556 1 150. 98 1232.188 1 210.728 1 220. 354 1193.637 1225.327 1 214.551
lal3 1273.091 1 254.753 1 335.754 1 313. 469 1 324. 363 1293. 219 1 325.927 1 301. 024
lal4 1 367. 322 1 349. 355 1 460. 702 1 439.425 1 450.175 1 410. 745 1 445. 219 1 408.014
lal5 1 377. 495 1 352.203 1 484. 786 1 462. 46 1470.372 1 441. 554 1 456.594 1.395.011
lal6 1 072.933 1 055.905 1 145. 501 1 106. 106 1 126.589 1 103. 542 1 125.87 1 082.223
lal7 852.205 5 829.160 3 926.685 9 907.163 910. 042 9 889.130 6 914. 279 8 883.791 3
lal8 965. 893 2 950.374 2 1 035. 643 1 005. 382 1017. 88 5 995.521 4 1 020.774 999. 847 1
lal9 946. 492 8 922.088 7 1 026. 486 1 001. 484 1 030. 188 1 018.051 1 024. 22 1 001. 189
la20 1 008. 391 970. 021 2 1 064.102 1 046. 258 1 069.673 1 054. 392 1 061. 48 1 049. 291
la21 1 282.154 1 250. 81 1 395. 601 1 364.062 1 376. 87 1 349. 361 1379.707 1 361.655
la22 1 136. 467 1105.115 1 242. 869 1 220. 364 1222.377 1172.188 1217.859 1 191.025
la23 1 224.209 1 200. 377 1 310. 305 1 287. 844 1 289.619 1 252.418 1 303.432 1 274.626
la24 1 162.893 1 112.525 1 246. 832 1 224.754 1213.317 1179.175 1 232.355 1 202.162
la25 1 189. 665 1 162.617 1 273.081 1239.112 1 313.805 1 313.805 1 265.05 1217.773
la26 1 506. 298 1 461. 932 1 606.492 1 557. 226 1611.122 1 569. 835 1 605. 488 1 567.964
la27 1 552.242 1 514. 357 1 656. 844 1 621. 544 1 654.096 1613.277 1 652. 463 1 615.637
la28 1 540. 116 1 521.525 1 651. 212 1 591.77 1 656. 65 1 614. 344 1 656. 726 1637.227
la29 1474.59 1 440. 224 1 592. 696 1 575.615 1 607.077 1 563.754 1 579.595 1 545. 668
la30 1 634.022 1 589.704 1 763.636 1739.7 1 752.331 1 713. 883 1 751.573 1725.973

BT AE TAOA B F-PL Itk fE , SEE0 % H 4 IR ZE ] FT06.FT10.1al6 Fl 1a26, i 4 4L # £k, i A
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Special Topics on Scheduling Theory

Improved Arithmetic Optimization Algorithm for Solving Job Shop-Scheduling Problems with
Machine Aging Effects and Workpiece Release Time

CHEN Zhaohui', LIU Haiyang®, XIA Qian®, ZHANG Xingong'
(1. School of Mathematics, Physics, and Data Science, Chongqing University of Science and Technology; Chongqing 401331}
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4. School of Mathematical Sciences, Chongqing Normal University, Chongqing 401331, China)

Abstract: The Job Shop-Scheduling Problem (JSP), which considers the constraints of machines with aging effects and workpieces
with release time, is studied. A scheduling optimization model with the objective of minimizing the maximum completion time is
developed and an improved Arithmetic Optimization Algorithm (IAOA) is designed to solve the problem. The algorithm maps the
TAOA continuous solution space to the discrete space of the JSP by means of ranked-order value (ROV) transformation rules.,
encodes the JSP and decodes it using an insertion greedy decoding algorithm. A non-linear mathematical optimization acceleration
(MOA) function and six neighborhood search strategies are proposed to improve the standard Arithmetic Optimization Algorithm
(AOA). The TAOA is compared with AOA. Grey Wolf Optimizer (GWO) and Arithmetic Trigonometric Optimization Algorithm
(ATOA) by solving 33 benchmark problems. The experimental results show that the IAOA proposed has better optimization effect
and convergence ability on JSP. The TAOA algorithm proposed overcomes the shortcomings of the AOA algorithm in terms of low
solution accuracy and slow convergence speed.

Keywords: arithmetic optimization algorithm; job-shop scheduling problems; insertion greedy decoding algorithm; machine aging

effect; release time
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