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Abstract

A scheduling model was established to minimize the maximum completion time, critical machine
load, and total machine load for the flexible job shop scheduling problem, taking into account ma-
chine pre maintenance. An improved genetic algorithm was proposed to solve the problem. Based
on the characteristics of the problem, a dual layer encoding based on process and machine was
designed, and three population initialization strategies were used to generate the initial popula-
tion. In order to transform the solution into a feasible and effective scheduling scheme, an inser-
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tion decoding method was designed that takes into account transportation time and machine pre
maintenance. Adopting different individual update methods and introducing variable neighbor-
hood search to improve the algorithm’s local search ability to avoid falling into local optima. Fi-
nally, the feasibility and effectiveness of the proposed algorithm were verified by modifying the
benchmark calculation example and conducting comparative experiments.
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TRV ZE 7] 2 7] J (Flexible Job-shop Scheduling Problem, FISP)Jg& 2 St /e b 25 i) 1 2 i 1 ) 2 32
O3, AT @R R, FISP WHER THLERRIME—ME, BIE G YR A R[], FISP MR
HEUKR, DFFN RARH T 2P EIE SRR AR FISP A R i L@, Calleja il Pastor $H 7 —Fh A —Lef 2
S FE R (8 B A 2], Li A Gao $RHE T —FE G AR 2 & (Tabu Search, TS)5ist% Bk 1 7% kXt
FISP HATALAL[3], #B4E, WEREWIE T — Pkl K REE[4], 2R 7 R EMELEEPLZES AGV
B R [ TTVE5].

VL BRI MR R A BE ST FISP AT 17— 2 HIARAL, ESEBRAEP= i R b, A fe B R IR N &K,
WAL R, BLAS N TR, AR, IS RIS, Wang S5 5 58 TR 4E 5 5 Bl Ak ] [ 52 FOAS i 2 1
PiFT FISP #E4T THEFC[6], L3 N2ELIRERE. SE LIFIE. A= BAM A HAR, $2H T — kst
Bl IR 52, Karimi S50 T ARSI A HE T —Fh e - TRE0R K 0 = iR i 2 50 [E 32 e 4 A AR 45
B BEE NIRRT RAR, LRI T TR N IR FISP [7].

Zr BT, ARSCTE ENLASE B L LA SRR (s 0, L T R MA R R SE LI (] OSBRI AR f 3
PAS AL A S B0 HAR R AR, 4Rt — P SO 8 AL A AT SR A o AR I RBRE R, BTk TR T
FP HLESRIXUZ ifis,  FER B = FPRpa] a6 A SR K AR ORI aa FE .
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AR R AR BT 5 S R 1 PR .

Table 1. Variable symbol definition
%1 TRYSEX

et X
N THHE
M Wigeti =
ik TS5
DOI: 10.12677/mos.2023.126534 5888 e RSE TR


https://doi.org/10.12677/mos.2023.126534
http://creativecommons.org/licenses/by/4.0/

B&H, 2

Continued
jh TFE#ES
ie Plasz5l
e HPEER ]
h, T § TR
O;, TAFj I hETH
Q HLAS i ITREES IXH
Pin O, FEBLES i L ¥y T[]
S Oy, TEHLES i LI T FF 4R ]
G Oy, LENLES | {0 T 45 3R 1]
¢ A 58 T
st BLES 128 q YRS IR A I 8]
ftg HLES 155 q IRYES 45 A 7]
DT, HLAS | F5IRAES [ I (]
ET, HLER 128 q RGeS (KR T 4RI 8]
LT, HLES | 55 q URYES A B I T 46 1)
PN; HLES | BLALIN () 25 2R AEAE
TS; HLES T BITFALI )
TG, BLES i (AL 18]
X {0, 1}, WRTF O fEMLER i EINTN 1NN 0

2.2. [E)@fER

ARSI BRI R ERNAE n A THL L m P8, S TR TFE/RNT. 86
LS H — RV CH4E iR, AP T Z AT 40, BT N TEAE . VA B As i/ Mok
SE LA SRS A DAL S . R

1) TAFRIMLEE R ZI 0 H

2) [F—HLAF R BEn T — A A

3) [A— LA ARRERINE 2 A ML 0T,

4) TJF—&IFuEAre s

5) TAF T 5 ZIRAFENT 295 s

m

DOI: 10.12677/m0s.2023.126534 5889 e RSE TR


https://doi.org/10.12677/mos.2023.126534

e, PO

2.3. BBEST

2.3.1. LB
ST bR, AL HeAE AR

f, _mln(max(CJ))

I<j<n

n hJ
f, = mln(rp%zhz puhxuke]
j=1
h

o £33 5,5, |

i=1 j=1h=1

K@) 2. QAL ER, 73R R /AIMEERKSE TN E] L REEHLES 718 LL R LA 2 D2

2.3.2. Y& H
1) — ML TR EIFL%R.

Sijn + Xijn X Pijn < Cj,
A 1=1,23,---,m; j=1,2,3,---,n; h:1,23"'h-o
Cp<s

j(h+1)

Af: j=123-,n; h=123.h -1.
2) LAFE LIEZIR,

jj< max

X j=123:-,n
3) [A—mZI[FE— G HLas R eEn T —E 17,

Sih + Pijp =S + L(l_ yijhkl)
At 21230 k=123-0; h=123-h; 1=1234h; i=123--m

CJ'h < Sj(h+l) + L(l ylklj h=1 )

At j=123n: k=123-n: h=123,,h -1; 1=123:h;: i=123--m.
4) [F—mZ[F— & HLE A e L —iE L.
Mjp
D X =1
i=1
A j=123n: h=123--h,.
5) HLESZES IS [B] 2 TR R OC 2R
ET, <st, <LT,
ft, = st + DTy,

3. BUREEIERE FISP

)

O]

®)

(4)

®)

(6)

U]

®)

©)

(10)
(11)

WAL SO — ML 2RI R REE, HHRHEREER S, EESBANRSEI#E. &

DOI: 10.12677/mo0s.2023.126534 5890

RS


https://doi.org/10.12677/mos.2023.126534

B&H, 2

XX i REAS o BAT 4 JR # R B 0 IR0 % 500 5 BAT SR A A 2 e 0 AR AR R SR AT IR 4L 5
A 45 & G A 2R T Pareto 2 HARLALTT %, it —Fi2E T Pareto 2 HARIR & 5%, FEPBRITA 1.

[ BHwHE }—> R PR RO DR
SR
SAEHEATINS
W% .
wERERE | | W
ISR
m*%?mﬁ 0S5 X
SR Y

Figure 1. Algorithm flow chart
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AR T HEFF (Operation Sequence, OS)AIHLE: 73 fit (Machine Assign, MA)XUZ & 77 25 il HEAT 2
. OS Fhith)= 1 AT 54, ik OS gmhdh A By 2, H 2 78 OS Ha = B, Wk
ARIAE 2 P =IE TR . MA E4af i TAFrT LIRS AR, FR IR TRk gmhs[8]. LA 2
Al LJE OS G KN TIRFF Y Og1-011-012-031-03p-0203 T RIS B FHIN T AIHLA AL AT AL
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Figure 2. Encoding example
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A XA YA R AR BOC AR Y, e 3d A e (0 (R AT S TC A0 B 417 A e £
I RE o fEM AL Sk rh, 20 AR 2 — BUZOBoR - 6 IS X7 845 GPPX. PBX. SPX. MPX,
POX. LOX 4£[10]. ALl Brandimarte firf i 10 A4 b i) MK10 40 HE 4TI, DA K 58 LI
() 55/ B b B K, i KA IR 200 353356 FH AR AN 7] 28 SCRE 7 AT 20 o, k4 2R
% 2 P

Table 2. Calculation results of different crossover methods in the Mk10 case
2. FERZXF7EE MK10 ZOIHELER

) XI5k Rl
1 POX 218
2 MPX 218
3 SPX 220
4 GPPX 223
5 PBX 223
6 LOX 219

AR BT R FH 1) G R PR RF 1, AR STASE FH T FAS TR P 28 OB A o 2 S 2 56 T 7 4l 1) POX 28 LA .
POX Z X E MR Py HIERE—ANHEANT S, R ENTELE TR CoHFAMME. R5%IEINT
¥ AR Py AR BOE BT SR UIEAN B AR Corb, DA B4R E S5 1F . [FIRRHE, BT 3R P, Wi b
75 A AR Cpp 28 U FRUNE 3 w28 PP A8 XA R ZE T HLAR Gm L 1Y) MPX 28 SUHAE MPX %2
NAERAERE AR A0 F[11]: B el A B — S R K A 0 0 L ARG R, AEHIE R
(1 1 AL BN N Py A Py ik AR R () L7, FRAZ# SN TIHLES 0 BC . Py A Py A i HAMUL 25 O BE £
TR, WHFEAEFAR CL M Cyy & G FE W 3 fis o
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Figure 3. Schematic diagram of POX intersection
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Figure 4. MPX cross schematic diagram
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RN T BAEEERI RS, R — SRR AR TI, SR A AR B4E 8 x 8. 10 x 10 A& 15x 10 =
MR IBITSECN: FEEEL P =200, GS LA 0.5, LS Hufil A 0.3, RS bl 0.2, FiEE) &
KIERIREL G N 200, ZHMER P, =0.02, &5 58X LW s,
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Table 3. 8 x 8 Experimental data
7% 3.8 x 8 LIHIE

IF) 758 H b e 5 AL + CGA POS + SA MOGV
f; 13 15 15 16 15 14 12 10
8x8 f, / / 13 13 10 11 10 12
fs 78 77 75 74 73 72 74 75

7E 10 x 10 [ rp, 5 3 10 S LA 10 AN TAF, L3 & 30 18 L7 . 8 L F4A 10 S HLasnl 4t
I, SEIREE WL 4 iR,

Table 4. 10 x 10 Experimental data
7= 4.10 x 10 S HuiE

i) 758 H b ek 4 AL + CGA POS + SA MOGV
f, 9 8 8 7 7 9 7 6 6 5
8x8 f, 5 5 7 6 5 6 6 5 6 7
fs 44 45 40 41 43 42 40 41 41 40

1E 15 x 10 [, ¥ K% 15 SHLEM 10 N TAF, RIS N 56 IE L. 8 TFHE 10 ShlL28nf
LRI T, SZIGEHE I 5 iR,

Table 5. 12 x 10 Experimental data
F2 5. 12 x 10 SCIaHiiE

i) 8t H b e 5 AL + CGA POS + SA MOGV
f; 25 1 1 10
15x 10 f, 10 12 10 11
fs 90 91 90 90

ML SR AR, A AR SRR Sk AR e M, R XA B IR L.
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gl rf, A7 18 AR RE, XL B K TR HCR M 10 B 20, HLESECE A 5 F) 10 ARIEIZE A . A4 i
W, TP HE 5 B 25 2 A4 . P27 2 LRIEAT 20 IR P4 Rk 6 Fivk.

_Lla-d]
D=3~ (13)
R:i|Di_D| (14)

Arb: d FoR Pareto JE LA ISR A A A MR LRAFIERS, d AR d IFIME, D ARICR
351 D, DA D IFIME, P RN TR, N BT

Table 6. Comparison of algorithm distribution

F 6. BESIMEXILE

Kacem MOGV
e[ ¢ D R B[] ¢ D R
10 0.745 0.0352 9 0.523 0.0221
9 0.821 0.0324 8 0.541 0.0234
9 0.756 0.0321 10 0.546 0.0241
11 0.744 0.0423 8 0.581 0.0232
13 0.732 0.0416 9 0.601 0.0254
15 0.830 0.0396 10 0.611 0.0236
13 0.765 0.0354 9 0.526 0.0245
12 0.761 0.0342 9 0.543 0.0256
12 0.842 0.0351 10 0.623 0.0284
15 0.753 0.0362 8 0.514 0.0261
13 0.841 0.0345 10 0.533 0.0265
14 0.764 0.0413 10 0.623 0.0274
14 0.752 0.0332 8 0.545 0.0263
16 0.731 0.0314 9 0.534 0.0245
13 0.696 0.0352 8 0.562 0.0273
15 0.736 0.0341 10 0.571 0.0236
12 0.843 0.0403 9 0.569 0.0246
12 0.725 0.0318 10 0.582 0.0251
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