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Batch integrated scheduling algorithm of complex product based on
decoding reverse feedback adjustment mechanism

GUO Wei-fei'!, YANG Yun-fan*, WEN Xiao-yu', YANG Wen-chao', LI Lin-Ii'

(1. College of Mechanical and Electrical Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002,
China; 2. College of Mechanical and Vehicle Engineering, Chongqing University, Chongqging 400030, China)

Abstract: For the complex product batch integrated scheduling problem, a mathematical model is formulated to
minimize makespan, and a batch integrated scheduling algorithm based on decoding reverse feedback adjustment
mechanism is proposed. The genetic algorithm is adopted to solve this problem. A two-layer chromosome encoding
method suitable for dynamic batch is designed, the batch processing of batch equipment is analyzed, and the exact non-
batch judgment criteria are derived. On this basis, an active decoding method considering the functions of single-step
inspection batch processing misjudgment and unified adjustment of multi-step batch processing is proposed. At the
same time, in order to further improve the performance of the algorithm, a decoding reverse feedback adjustment
mechanism for correcting the batch chromosome is also proposed to achieve bidirectional interaction and share
excellent information. Experimental results indicate that by adopting the two-layer chromosome encoding, active
decoding method, and decoding reverse feedback adjustment mechanism, the proposed algorithm significantly
outperforms other comparison algorithms in fixing the studied problem.

Keywords: complex product; batch integrated scheduling; dynamic batch; genetic algorithm; non-batch judgment
criteria; decoding reverse feedback
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SRR AR EE A 165, 25 I 20 i A 1 3t
70007, FERELAC BRI 4 ML HIEin T 88 2 &4 T,
TR S R AR K S B/ MEA 165, R s T

B A 165 A& 1% 52 B i B L 8. 7T WL, GA-DRF
LR RE SR AT B A S ) R s A, HLBETS
BIZAAFEN AR TR, w1 S0k [21] FsRAE R
B AR S — A2, 7E— B2 LIUE T GA-
DRF HiE a7 MR 2401k,
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VEIYRIE
= M2[p

M1 [P8/Pll [P9/P10 [P6/P7 |
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Es5 BAEEEEE

3.1.2 sZH2

S 2 SRYE T SCHR [22], & 5 B W 30 i
TP, Hoh#tis oy M1, fitAb2E T 574 P17, P19, P21,
P23 F1 P28, J& T — MR R LA B &N 2 flLeR &
A FE ) 8. GA-DRF HS92:7E X 1% SE SR AR A 10 vkt
TR, SRAZ 2 58 TS (R 3548 R 110, &R IRCF35
N 6.33 s, HAZ 3 2 ANAS [ 1) FE A, Horp— AN 1
FERRH R K 6 B, IS EE B4R 10 £ B 3EAT 2
Br, HREEIH % M3 & ER ZIFFAE 0T, B & 105
B Z A5 b0 T, Hp R AT ] 25 I T, 13246 MS |
AR A L PL T L 2P L0, 0 A%
% M3 LR T padn T e 2 5 A REFFaa I T,
BRI R T — 46 et k42, HAiZ B2 KA
REFIR/DN, WOE 58 TR 110, J2& 125251 1 38 B
HefE.
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MR FE A 22 REVE RO 3, #E— 2B 300E T GA-DRF #

SEAF) 3 SRR SCHiR [24], ¥ &% 3 AR 14 8L
¥, Horp it £ M1, #it4b 3 174 P2, PS5, P7. P10
M PLL T M1t B ERT KT 2, B/ T—14
TR A LR G U B 1] R AR B % ML)
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SCHR [9] HK FT10C. Orb1C-Orb8C 25 10 ANEFIFISL
R [12] A B9 R AR S L3SC LAk, #4g3d Hi AR B
(A £ 65 VR 5 I 0 481 3 A 4K B 4] 1 4t Ak B %
Fos BORALALFE R AE [1, my, | A1 (2, n,) P BEHLAE 5K, fit

3.2

Ab B T o I T A HOCRE S R A B U 2% T A N
T i 2848, $dm, fln, 430 R 7R A 5 S il
SREAB) FR) AL ot B8 AR A R % AR ) L AR
& S W B HE £ (https://pan.baidu.com/s/1sOfn_
jo4uOdXVgzKKglylw?pwd=BISP). & T 5 Ji &5 X
g5, BRI R B A AR R N T AR IR B.

K5 SCHk [12] #HER 250 B : L35CB H.41
IR P = 300, S K& AEG,,.. = 500, &
YEP. =08MAERRP, =0.2; H A& KR
FUEL P = 200, 5 K11 ARG, = 200, 2 X
P, = 0.8 FRP, = 0.2. 5 TR EG], 5
ST IEAT R A 20 Pk, MR SE 96 45 R an 3k 2 Fik.
SKARLE RIGHHE S HAN R : O Bon 20 YK AR SE T
HIB AR, AV (Ol ) T 20 YR AR &5 107 B1H,
AV (t) 378 20 UCRERIF-3I84T I 8] (FRAL: s). GA-
AD /& GA-DRF ] — P A8 4 5%, AN TG i 5 39 1] J
THEEEHLH]; GA-OD & GA-DRF [ %) —Fh A Ak,
BUE 1G85 - SR L 4t ) 07 2% A 1) 3 Bl R, TG AR R il
IFa) J52 it 8] AL, T SR P 3 A2 4 Ak 38 24 B 5 i
FRAD . TRE, MKE OGS 22 P £ 5 R AT 2 A, AR A
SRS RV B Co 5 A BE SRR S R
AL C* MR ZRE, REMTHE AR T:

RE = (Cux — C*)/C* x 100 %. (11)

FE SR AR 7 T, 6 11 AN SR AR T i 22 3R
¥%J{5 MRE, GA-DRF 53%[¥) MRE 4 0.03, H AR Fl
H56) MRE 73514 0.114 1.14, KT GA-DRF 532,
[, % GA-DRF Bk R C, FAV(C,,y ) 5 3
ARSI R ARG 5 8 B 4 AT Gt o A, S5 R
% 3 FiR. 5 GA-AD HiEM L, 76 CL AV (C,.y)
R TFAREE N R T ZFMEE N, 8iE 7 Y
1 1) B U T AL A M 5 GA-OD HEAH L,

2 EBEOMRERMGIT S
GA-DRF GA-AD GA-OD
i 7 n, m, C*
Cuwe AV(C..) AV() RE Cux AV(C..) AV() RE Cue AV(C,.) AV() RE
FTIOCB 10 10 1915 1915 1967.2 34.42 0 1925 1973.6 3416 0.52 2004 2 062.85 18.64  4.65
LaleCB 10 10 2144 2144 2 144 35.56 0 2 144 2 144 34.51 0 2 144 2 164.6 18.42 0
OrbICB 10 10 2212 2212 2216 36.13 0 2212 2216 35.41 0 2217 224945 24.55 0.23
Orb2CB 10 10 2237 2237 2237 35.94 0 2237 2237 33.99 0 2237 2242.65 24.83 0
Orb3CB 10 10 2114 2114 2 168.65 34.81 0 2114 2171 34.79 0 2152 2236.6 23.56 1.80
Orb4CB 10 10 2080 2080 2100.4 32.89 0 2 080 2103 32.82 0 2095 21774 2484 0.72
Orb5CB 10 10 1963 1963 1963 34.77 0 1963 1 968.5 34.70 0 1963 1999 23.24 0
Orb6CB 10 10 2172 2172 2200.45 34.39 0 2172 2206.95 34.08 0 2197 22523 24.37 1.15
Orb7CB 10 10 991 991 991 34.48 0 991 991 34.13 0 991 999.6 24.41 0
Orb8CB 10 10 1959 1966 1971.4 35.04 0.36 1959 1973.45 34.76 0 1 966 2010.75 24.22 0.36
L35CB 30 10 3369 3369 3 429.65 563.81 0 3391 3438.45 540.51  0.65 3492 3704.5 115.67 3.65
MRE — — — — — — 0.03 — — — 0.11 — — — 1.14



https://pan.baidu.com/s/1sOfn_jo4uOdXVgzKKgIyIw?pwd=BISP
https://pan.baidu.com/s/1sOfn_jo4uOdXVgzKKgIyIw?pwd=BISP

%54

IR AT AR A I v BT R AR 69 B S daR SR

1721

1E Con MAV (C) EAR T 18K H N, 33288 2 T
B H N, WA 1 3T A B 25 2R 10 = Sh AR RS
PRk, 7532 4T I 8] 77 T, GA-DRF HIEE 5T GA-
AD HEA GA-OD ik, (EAfFERUR 2 7. Ak,
K 8 A 3 RPELYE 20 RS SR i L35CB H it #E
R AR B B PP AR B ) AR A it 26, A X
GA-DRF HEfEH R ae ) FH HG . 25 |, GA-
DRF BERERMEREAR TXF U (1 P B2

®R3 MTHAMETHRHEERIE

GA-AD GA-OD
Chax AV(Chx) Chuax AV(Chx)
T iREH N, 2 7 6 11
ZTEE N, 1 0 0 0
FHFEAREH N, 8 4 5 0
4.8
—_ — GA-OD
= GA-AD
S 4.4 — GA-DRF
=
E 4.0
H )
1 I i
2 3'6L W &
0 100 200 300 400 500
FhEEAEL
E8 #txt L35CB BEHIMA RS AT ILihsk

4 & ®

A0 e /A sk 58 I R] R 2% 77 At SR
R JBE R, B2 L — R T AR T 1) S A A L 1 )
WAL SE, IRl S0 I R A5 R IR AIE T B b Bk
A Rt 5 .

AR EE TR

1) tox il b 2 2% RO LA BEZT R, Wit T RESD
R N T HE AR (1 R G o R Y i 45 44

2) fEth 1 —FhSe D R A A AR AN 2 P Y
L7 48— B ThRe i E s MRS 77 7%, TRE 1 A48
T JEE AR ) o

3) R 7 R A 30 e S AR B LA, S B
Rt 7 5 A et AU ) L AR RAS B =

AR SCHUAS R — 8 AR AT B T HAR At 2 1)
F AR AR, AR 5 T A 25 8 5E 22 [ S Bs
S5 ESR AR T 1T 2% R I 5 gk A > U5 i e
M RESRE IR, 32— PR T SE IR RE.
SE Ak (References)
[11 Zheng X, Chen Z. An improved deep Q-learning

algorithm for a trade-off between energy consumption

and productivity in batch scheduling[J]. Computers &
Industrial Engineering, 2024, 188: 109925.

(2]

(3]

(5]

(7]

(8]

[9]

BUIRLL, Mvf, sk A, 22 e W B AT HEHL SRR 8 T 5
T 99 1 B 20 AR T B VL D). SR )5S TR SR, 2018,
33(8): 1363-1372.

(Jia Z H, Yang Y, Zhang Y W. Weak-restriction based
algorithm for scheduling on parallel batch machines with
arbitrary capacities[J]. Control and Decision, 2018,
33(8): 1363-1372.)

FF, RN 5 AL B 2% BRI & K 4
V) 3 5 i) R ATE 9 0], #5455 He 3R, 2024, 39(10): 3413-
3421.

(Wang J, Lei D M. Research on energy-efficient fuzzy
hybrid flow shop scheduling with batch processing
machines[J]. Control and Decision, 2024, 39(10): 3413-
3421))

Wang J, Tang HT, Lei D M. A feedback-based artificial
bee colony algorithm for energy-efficient flexible flow

shop scheduling problem with batch processing
machines[J]. Applied Soft Computing, 2024, 153:
111254,

LR 5, IR, B, . BES ERE AR E
77 SR I B SR, TS LR B IE R 4, hitp://
kns.cnki.net/kems/detail/11.5946.tp.20230801.1204.002.
html.

(BaZY, Yuan Y P, Li M, et al. Integrated scheduling
algorithm of complex product with hierarchical coupling
constraints[J]. Computer Integrated Manufacturing
Systems, http://kns.cnki.net/kcms/detail/11.5946.tp.2023
0801.1204.002.html.)

R, XA, 25 R [ 2 5 TE TR SR 1w I 4%
SEARIERIED). T 515 B AR, 2024, 46(7): 2961-
2969.

(Xie Z Q, Liu D M. Integrated scheduling algorithm for
flexible equipment network considering same layer after
process[J]. Journal of Electronics & Information
Technology, 2024, 46(7): 2961-2969.)

BB, B, BE. 2R R 3 AR K B B R
SR SR ]. MU TR 254k, 2022, 58(13): 228-
239.

Xie Z Q, Zhou W, Yang J. Resource cooperative
integrated scheduling algorithm based on sub-tree cycle
decomposition of process tree[J]. Journal of Mechanical
Engineering, 2022, 58(13): 228-239.)

SR, AL, BREE R, 55 T GEP BRI AL
I8 ¥4 B2 2 & IR TR BT 72 0], HLBKG R 22 4, 2023,
59(16): 427-434.

(LV H L, Huang Z W, Chen J H, et al. Research on
composite dispatching rules of assembly job shop
scheduling based on gene expression programming[J].
Journal of Mechanical Engineering, 2023, 59(16): 427-
434))

FEMF, BIIRTT, EART, 5. SR A 1R R ] R T
AIAT R 0 A B (0], ORE BT R A 4 4, 2011,
51(2): 205-209.

(Wang L P, Jia Z Y, Wang F J, et al. Solving complete
job shop scheduling problem using genetic algorithm in
feasible domain[J]. Journal of Dalian University of


https://doi.org/10.1016/j.asoc.2024.111254
http://kns. cnki. net/kcms/detail/11.5946.tp.20230801.1204.002. html
http://kns. cnki. net/kcms/detail/11.5946.tp.20230801.1204.002. html
http://kns. cnki. net/kcms/detail/11.5946.tp.20230801.1204.002. html
http://kns.cnki.net/kcms/detail/11.5946.tp.20230801.1204.002.html
http://kns.cnki.net/kcms/detail/11.5946.tp.20230801.1204.002.html
https://doi.org/10.11999/JEIT231067
https://doi.org/10.11999/JEIT231067
https://doi.org/10.11999/JEIT231067
https://doi.org/10.3901/JME.2023.16.427
https://doi.org/10.3901/JME.2023.16.427
https://doi.org/10.7511/dllgxb201102009
https://doi.org/10.7511/dllgxb201102009

1722

*x R £40%

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Technology, 2011, 51(2): 205-209.)
Lei Q, Guo W F, Song Y C. Integrated scheduling
algorithm based on an operation relationship matrix
table for tree-structured products[J]. International
Journal of Production Research, 2018, 56(16): 5437-
5456.
Wang Z'Y, Lu C. An integrated job shop scheduling and
assembly sequence planning approach for discrete
manufacturing[J]. Journal of Manufacturing Systems,
2021, 61: 27-44.
Shi F, Zhao S K, Meng Y. Hybrid algorithm based on
improved extended shifting bottleneck procedure and
GA for assembly job shop scheduling problem[J].
International Journal of Production Research, 2020,
58(9): 2604-2625.
Zhu Z W, Zhou X H, Cao D S, et al. A shuffled cellular
evolutionary grey wolf optimizer for flexible job shop
scheduling problem with tree-structure job precedence
constraints[J]. Applied Soft Computing, 2022, 125:
109235.
Hu Y F, Zhang L P, Zhang Z K, et al. Matheuristic and
learning-oriented multi-objective artificial bee colony
algorithm for energy-aware flexible assembly job shop
scheduling problem[J]. Engineering Applications of
Artificial Intelligence, 2024, 133: 108634.
Zheng P, Zhang P, Wang M, et al. A data-driven robust
scheduling method integrating particle swarm
optimization algorithm with kernel-based estimation[J].
Applied Sciences, 2021, 11(12): 5333.
Wang H X, Sarker B R, Li J, et al. Adaptive scheduling
for assembly job shop with uncertain assembly times
based on dual Q-learning[J]. International Journal of
Production Research, 2021, 59(19): 5867-5883.

A, X, BRPHT, 5. 2 R SR IR b 4 18] 45

’\Ttk RN 5 RS [ h LR o S R 4

2021, 27(8): 2307-2320.
(Li Y J, Liu J J, Chen Q X, et al. Lot-splitting and
scheduling algorithm of multi-level assembly job
shops[J]. Computer Integrated Manufacturing Systems,
2021, 27(8): 2307-2320.)
Sun M K, Cai Z Y, Zhang H N. A teaching-learning-
based optimization with feedback for L-R fuzzy flexible
assembly job shop scheduling problem with batch
splitting[J]. Expert Systems with Applications, 2023,
224:120043.
Cheng L X, Tang Q H, Liu S L, et al. Mathematical
model and augmented simulated annealing algorithm for
mixed-model assembly job shop scheduling problem
with batch transfer[J]. Knowledge-Based Systems, 2023,
279: 110968.
Cheng L X, Tang Q H, Zhang L P. Production costs and

total completion time minimization for three-stage
mixed-model assembly job shop scheduling with lot
streaming and  batch  transfer[J].  Engineering
Applications of Artificial Intelligence, 2024, 130:
107729.

[21] W&, TN, i FAEREDY 2 MBS % 2R

AR EED. bR Tl oK 2 ), 2011, 37(10):
1470-1476.
Xie Z Q, Wang Y, Yang J. Integrated scheduling
algorithm with batch processing machines with the lot-
size being two[J]. Journal of Beijing University of
Technology, 2011, 37(10): 1470-1476.)

[22] WG, XK, M. 58 )5 8 L HAtbAb B T4

9 2 SR & M B SR[]. B STE 24, 2012,
46(11): 1746-1752.
(Xie Z Q, Liu C H, Yang J. Batch integrated scheduling
algorithm considering posterior operations and with
constraint of 2 operations batches processing[J]. Journal
of Shanghai Jiao Tong University, 2012, 46(11): 1746-
1752.)

[23] AR, XK, A 2 A0 RAS [F) 5 2 At

IRERLR G R B BE[I]. MU LR 523, 2012, 48(24):
164-173.
(Xie Z Q, Liu C H, Yang J. Nested batching integrated
scheduling algorithm of different processing time with
constraint of 2 operations batches processing[J]. Journal
of Mechanical Engineering, 2012, 48(24): 164-173.)

[24] WG, 5, B 2 TE S WA 2 A PLEE A

FERVET]. THENLEAAR, 2013, 36(4): 818-828.
Xie Z Q, Xin Y, Yang J. Multi-batch processing
integrated scheduling algorithm based on signal
driven[J]. Chinese Journal of Computers, 2013, 36(4):
818-828.)

[25] JHAZT, BRIE, 18 i, 2 2] ROE RE AR A Bk S HL
FIM]. AE5T: 54K AR, 2019: 166,

(Xing L N, Chen Y W, Xiang S. Learning intelligent
optimization algorithm and its application[M]. Beijing:
Tsinghua University Press, 2019: 166.)

fEEET

TR (1990-), 55, BRI, 14, F 5T T N R RE
AL EF=AE, E-mail: gweifei668@163.com;

M= (1997-), 5, 4, FEHF L AR e
e AEPAHEE, E-mail: yyf970816@163.com;

SCER (1988-), %, @I, 14, 2oy AR

Bl A, E-mail: wenxiaoyu@zzuli.edu.cn;

W SCitE (1988-), 55, Yk, 18 4, 3= B0t 58 07 [m) A 8 RE
Hlid . SeAF I, E-mail: 2021049@zzuli.edu.cn;

2R (1982-), 5, Bl #d%, 18 L, 3 B0 5T 07 M L
FEAE, KitEEH . BT, E-mail: lilinli163@163.

com.


https://doi.org/10.7511/dllgxb201102009
https://doi.org/10.1080/00207543.2018.1442942
https://doi.org/10.1080/00207543.2018.1442942
https://doi.org/10.1016/j.jmsy.2021.08.003
https://doi.org/10.1080/00207543.2019.1622052
https://doi.org/10.1016/j.asoc.2022.109235
https://doi.org/10.1016/j.engappai.2024.108634
https://doi.org/10.1016/j.engappai.2024.108634
https://doi.org/10.3390/app11125333
https://doi.org/10.1080/00207543.2020.1794075
https://doi.org/10.1080/00207543.2020.1794075
https://doi.org/10.1016/j.eswa.2023.120043
https://doi.org/10.1016/j.knosys.2023.110968
https://doi.org/10.1016/j.knosys.2023.110968
https://doi.org/10.1016/j.knosys.2023.110968
https://doi.org/10.1016/j.engappai.2023.107729
https://doi.org/10.1016/j.engappai.2023.107729
https://doi.org/10.11936/bjutxb2011101470
https://doi.org/10.11936/bjutxb2011101470
https://doi.org/10.11936/bjutxb2011101470
https://doi.org/10.3901/JME.2012.24.164
https://doi.org/10.3901/JME.2012.24.164
https://doi.org/10.3901/JME.2012.24.164
mailto:gweifei668@163.com
mailto:yyf970816@163.com
mailto:wenxiaoyu@zzuli.edu.cn
mailto:2021049@zzuli.edu.cn
mailto:lilinli163@163.com
mailto:lilinli163@163.com

