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Abstract: Aiming at the problem of integrating optimization of worker fatigue and learning effects faced by human and
machine dual-resource scheduling in large equipment manufacturing workshops, a mixed-integer programming model was
constructed based on exponential fatigue characterization and DeJong learning curves. In accordance with the coding
characteristics of the dual-resource scheduling problem, an initial scheduling scheme was generated based on sorting rules, and
an adaptive large neighborhood search algorithm was designed by combining removal and insertion operations to solve sub-
problems, such as the allocation of human and machine resources, job sequencing and dynamic scheduling. A rescheduling
strategy was also designed to address disturbances such as urgent job insertions, machine failures and worker absences. Based
on the original algorithm, dynamic scheduling was implemented and tested. The results show that compared with solvers,
rules, genetic algorithms and other methods, the proposed algorithm can find scheduling solutions with shorter completion
times, and it also performs better in dynamic scheduling scenarios such as urgent orders insert, machine breakdowns and
worker absences. The proposed equipment manufacturing workshop scheduling problem takes into account worker fatigue and
learning effects, and the corresponding algorithm can provide reference for the development of large-scale equipment

manufacturing production scheduling systems.

Keywords: computer aided manufacturing; job shop scheduling; worker fatigue; learning effect; adaptive large neighborhood

search; dynamic scheduling
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Tab.1 Symbols and definitions of models
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Tab. 3 Data table of calculation examples

KL B L FER A 43 i ML A7y GIRTIER Bl 4 B [INFER [N
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Tab. 4 Calculation results of calculation example

5151 AL ME S H{H o ofiE 22 SR T IRERS /s
D1 172 172.8 0. 40 0.002 1.0
D2 162 162.8 0. 40 0.002 1.0
D3 236 237.2 0.75 0. 003 2.5
D4 203 205. 4 1. 20 0.006 2.5
D5 213 216.6 1. 80 0.008 7.6
D6 210 215.7 2.76 0.013 7.6
D7 245 248.3 1.55 0. 006 11.2
D8 243 248.5 2.33 0. 009 10.5
D9 232 235.6 1.62 0.007 21.4
D10 233 239.2 2.18 0. 009 21.6
D11 279 282.0 3.55 0.013 33.7
D12 284 287.8 2.14 0. 007 34.0
D13 274 279.5 2.06 0.007 71.8
D14 286 290. 2 2.14 0.007 72.5
D15 338 341.7 2.61 0.008 119.5
D16 344 349. 4 3.17 0. 009 120.6

KT IRA ST ] ] Gurobi 3R fiff #5% 2 SR A B0 BRI B AR . A 0 ) LA T 530 A1 3 P v A 5
RS A o0 o 1 A AS o o 3 LR 2 ) B it 5 1845 S 2 I PR R T2 I 2 3L R R s Jaya SR AR 32
PR 42 0] 3 BE )R, B AU A PEBE . PG K Jaya B AE AR % DRCFISP (%) H 1 2 — s bR ife
ALNS 5335 0 FH F B A i 4 300 et 38 o (R R 3 . AR SO FH DA 1 5 R () 19 55 5 S X e, DA IE — 25 B0 T
ME L YRR FIROR . b 3 Gurobi B AROREIF I 5 h, 3R 5 NERAMS g as 5L, e
FR Gurobi A 7E 5 72 W A) P 2R A5 AT 478
A5 FHEmMASRRE

Tab.5 Comparison of algorithm calculation results

Gurobi 3K fif £ Az AL ARk Jaya Bipk Frif ALNS St ALNS
A ECE FERF/ ghAR/ FEIT/ 45/ FEIT/ 4R/ FERF/ g5/ FERT/ A/ B/

min s min s min s min s min s min s
D1 172 18 000 195 <1 173 2.3 173 9.2 173 0.2 172
D2 173 18 000 204 <1 163 2.2 163 9.1 164 0.2 162 .
D3 278 18 000 274 <1 236 3.4 247 18.5 239 0.7 236 2.5
D4 288 18 000 255 <1 213 3.3 210 18.1 210 0.7 203 2.5
D5 — 18 000 237 <1 224 5.5 225 49.2 220 1.9 213 7.6
D6 18 000 230 <1 221 5.8 224 50. 6 222 2.0 210 7.6
D7 — 18 000 273 <1 254 6.7 261 71.1 249 2.8 245 11.2
D8 — 18 000 260 <1 260 6.7 266 65.7 257 2.5 243 10.5
D9 — 18 000 243 <1 249 9.7 248 130. 4 239 5.0 232 21.4
D10 — 18 000 256 <1 254 9.8 243 131.4 241 5.8 233 21.6
D11 — 18 000 291 <1 298 12.0 291 198. 2 291 8.3 279 33.7
D12 18 000 301 <1 304 12.4 304 199.1 297 7.8 284 34.0
D13 — 18 000 315 <1 296 18. 6 298 415.7 276 18.7 274 71.8
D14 — 18 000 299 <1 305 18.4 309 424. 4 296 17.5 286 72.5
D15 — 18 000 372 <1 371 23.9 375 695.1 354 28.8 338 119.5
D16 18 000 371 <1 380 23.9 381 716. 3 360 28.8 344 120. 6




%2 S8 AE B N O R 2 > RN Y 2 A T 3 4 ) gl 2 161

5 HIRER i ALNS BIETE 24500 1 K A i #R IO T SR 4 (9 R B2 25 SR R W Bk B —
SE WY DL 5 oh T ROA MU R oA T 2P 508 5F 20 0L A ARk AR Ak B A i B P A BRI 2 A R ] A
B 15 Gurobi 595 B SR fife B2 88 G 78 vh R RUASE (] R A1) SR ige v R SR AT AT AT i 5 AREL T Jaya 5338, SRS 0E
HAT B 1) T8 EE 5 AR T Az SO 388 4% 80k A v ALNS 500k, oot B30 HLAT B o oK g o i . s
e ] 2 W AR SCCHE B 0k B RSUE PE AR RO | B A SR TR TR L AL R AR SR A A R i 9 DIE A

4 HERE

H T P A SRR 7 B B A AR Ak 5
B A e o B A A 3 5 AR B LB R L T —T
I E T2 N Vi WS i R i 7 L) U Uy 6
LR B AR, L, RS N e
S 11 T A B I 9 58 07 % I o S s < 14 B0 25T
BHME DRI P R G R . R |
BF9T 5 AR 20 LRSI T AT 14 3 3 o
AR 00 8 B W L DL K SR T 4R A AR A DL 37
RE St 4 B0 B 1 3 e A L 2 T O Y
BT SEBR . X S A O A R SR !
6 T . H R R R TN |
TR 1L LLEhAS &k i R 2k o T v v
SR E AT AT 3 2 s | %ﬂtkiﬁtT{ﬁr‘ | |$)1%%E’»Jﬂfl‘-izﬁtm‘l’ﬂ | |IM@~J‘|Mﬁuﬂm|
AU 208 BT BT A I AE N T AR W |Eﬂﬂrg%w§ﬁﬁgﬁ$ |
SR TN 2 B HL S8 4 BT R T O 2 T i
B 5 T i
SIS U T T R 1 O Y B 6 A4 L
TTR  JR AT A B8 4, & W Bk 20 B8 4 Fig. 6 Dynamic event rescheduling strategy

IR 4 A R UL T AFR I T AB Y ET TN Y FTALAS A9 AT s8] A 24 6 e

RS FIWY T AR T TR A E K T WA IR 6 FEIR 7, B W Bkt 2298 6 F2E9R 7,

AR 6 A5 RN T A B O F ML 09 AT R IR ] Ay > A 2 o TR S 3 R T AR RS

AUR T A Y TN B AT ) Sy 25 i s 20 - Bk b R I TR 55

IS FNWT /T T AR AN TALES A B AR 2 AT 58 9 AP R 10, 75 Bkt 0% 9 FEEE 105

ABR 9 A5 1k I AR B0 T A Y N A AT R B R] A Y i A 22 SRR 55 L O L A S B R T
M TS

IR 10 A Y FTAILRS A9 AT S 18] A 24 6 B 20 n 2 48 B

AR 1T AN T A A e N B SO 9 A R PR ARSI B AR R TS

AR 12 R AL T CRIN T HLER AN T B AT FEAG s 1], DL K TN 99 57 45

AT FRAT W46 VA B Ty S8R0 A A B 7 B2 0 5 AT 0 ALNS Bk,
4.1 R2R|EHS

X2 LR R A 2 AN IR T R - D) A B 2 2 B E AR 0 T R 5 T AR AT s i A
SR, H Tk BN SV v W T TN T B 45 SRR ) 2 32 T N 8 B 0% AT 4 B[R] L AL % A 45
IR 8] 2 T AL A% E 9] 32 108 1 I 46 B 8] 5 2) 4 BRI 220 22 i A I 4 in T 1) T A7 o R A B A — R AT A

HR 4 % 2UHf B T R O Re i R T MR 4 B A S DL D8 B R W0 UG I AT 55 L 7E ¢ =80 W ZI K IR T.4F
BRI s Tos Ty Jus Tos Jos Jas Tos Jos Joo WATHR, IR BRI ST 0 E H AR 7 frR, Bl 7
H1 0~80 min Z [HZW) IR A EE R . 7E 80 min KA T B F 4, LR AL RIR , LB T4 A JF A &
S EAE AN T/ AR 78 80 min J& , JFAR PAAT T B2 U5 58, Ie 28 58 LI [A] Oy 314 min, 5 HABSE 25 0 X He 45
RN 6 FrR, £ 6 ry g Rl o EIE BAA R4 S0 PERE .



162

LI A S A N S S

2023 4F

GIR T R
— 0 W R U O a ® O
d .

—_
[=]

g
S5 888
222
33838
SR DS

I 8] /min
|7 HEGFHRAEYFR
Fig. 7 Scheduling Gantt chart of job insertion scenarios
A6 WHEGHFHIRELER

Tab. 6 Scheduling results of job insertion scenarios

vorkers 0 (1)

i

-H1¢0)

min
woom FRAG L Jaya Bk FrifE ALNS ek ALNS
W1 e R 260 266 257 243
TR 327 328 324 314

4.2 MBEMEHR
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Fig. 8 Scheduling Gantt chart of machine fault scenario
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Tab. 7 Scheduling results of machine fault scenarios

worker3 1 (0)

worker8 0( 1 )

11(0)

P 55 {H

min
woom AL Jaya Bk FrifE ALNS ek ALNS
W) Ui v 304 304 297 284
I 312 310 299 290
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Tab. 8 Scheduling results of worker departure scenarios

min
KOmE U (RS Jaya 5% kR ALNS Mk ALNS
WA I B 380 381 360 344
I E 387 391 368 352
5 & 1B

AR SCHE T UG IR S A M 2 (8] 3] [ T, T 5 1 9 R S R P TN R 57 2 2T B8O L DA R Bl 2 9
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