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Abstract: To address the production scheduling problem of cigarette products, the tobacco packing
workshop responsible for the production tasks was taken as the research object, considering the actual pro-
duction conditions of cigarette enterprises. This problem was transformed into a unrelated parallel machines
lot-size scheduling problems. An optimization model was established to simulate the production conditions
of cigarette products, with the total number of switches of tobacco packing machines and the comprehen-
sive evaluation time of simultaneous stoppage as the objectives. An improved multi-objective differential
evolution (IMODE) algorithm was designed to solve the problems based on a lot-size splitting mecha-
nism. To accommodate lot-size production characteristics, the algorithm used an irregular matrix encoding
method to represent feasible solutions, generated the initial population based on a reverse lot-size learning
strategy, updated population individuals through differential operations between matrix vectors, and per-
formed detailed neighborhood searches of the child individuals by splitting lot-size into smaller ones, an im-
proved elitism retention strategy was introduced during the selection processes to enhance the algorithm’s
optimization capability. Finally, experiments based on production instances of cigarette enterprises of differ-
ent orders and workshop scales demonstrate the performance of IMODE and the effectiveness in solving the
scheduling problems of cigarette products production.
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Key words: unrelated parallel machine; lot-size splitting; total number of switches; comprehensive
evaluation time of simultaneous stoppage ; multi-objects differential evolution (MODE)algorithm

0 3l

It A R A R B ) R T 2 LA L 2 S
Z LU Sy LA 7 A VR O B AR ST
O M8 T 4 4 47 8] 58 J A JA A ity B9 A2 7 0 T 3%
Fola 2 B RS AR A B LA AR B B HLA
(7= RE A S8 AR R J8 TR IR AL @ 2% 0
ity BT 30 Ry 22 A UAE AN (] 4 AL 2 R T 2R
7 HA R AL B S8 e A [R] 5 O d it HILAL (]
PR T2 24 BRI A7 A 2R 7 2 R DR E G & L Bl
B TC Tk A 7 B A 46 0 s @ BILZH A V) e A [R]
JE Y by S 5 AT PR R A AR Xl R
T A — 7 o [0, B4 81 28 b (1] © g PRUE AR 7
[ 20 4 A 7 ) — i B B9 22 45 BILZEL O () I 245 o3
st A 7 B TRD I 58 T DRI RS 2 A0 2 5 ]
iof B 925y S R OE AT AL A HE O B B R G
W2 AR A AL R A AR 7R L S B0 (R
L) A2 20 P B2 A 1o R BT SR AR M JEE R

I 22 808 A0 A M AR ] 5 A= 7 Sl AT 2
20 90 AR A B R R LURR DR A 7 3 30 1 o B
P T EOHE ™ A5 R A AR R O T P X
BN ETT R T REM R . &% kT
eM-Plant fij B 548 4 57 17 8 0 2 B B A 7 4
HARAL R GE . Al 1 52 B AR 7 vh 52 2% B o 0 AR
THRSR AR SRR, T A5 5 5 T = g i
UE W B D7 ECBORAE S L IR0 A0 38 T 4 M R R
Fh B A P RN . SRS SF T B
X A A A 7 R 3 AR IR LA 52 T R] D) 4
YR A7 B PR A AR D b o b s S HOM )
B AT HE 7 A0 S B R 75 I S B A8 1] ) 1
BEVEIN TR Z . AR AE B X B M HLLH i A
i3] A 1] AL )G ik A U TR AR S H B R
A TR AN R R o )RR IR T I — A R
PG EAT HE= Beit . UL X A A e
e AN A G AL A o L3R B TR) A SR — A
Jt S R R HEAT UL A - HR 25 JEHL A% U 45 b
RIS AU FERS . CA DR 2R SR
T 46 MR AR A 7 O A Y HE R DIC A L T R s A
LA B A TR R U HAE 22 R R 2R Y
B R AL A AR AR T 5 i S
[t i ELHE I T 5 S PR A A 22 L A E A B
FEH XA B b Lz T ELREOR 52 PR 29 %5 JEAN AL
Z B0 5% LA 58 T T D) A v R B T

- 1894 -

|

AR B AR HE AT R A L Sl X RS 2R A VT M B
R . RS2 A PR B ) R S LA S A
J& 58 T AL Y 58 T[] 22 {6 22 R, 25 HIL2H ] 79 58
T[] 22 S R WA AR 7 R 0 A R S 4 WL A
B9 A 77 Bl R T b 2 DR 5 40 L B 1 AT L LA 4E
FERTA A LB 4 s 47 . 3 Bt 18 A0 5T U5 G R0
AN BE U5 T AE .

5 T3 L BE (0 AH S B 5T P R B R AR A
T A5 o o b Oy SOR AR IT AT LA B [e) L {H % 07 X
R X bR AL i AT TR AR 4 L 5 S R A 7 A AE D
2. EREMEEV 4" R A i & 207 8 4 o —
7 A UL B DA 46 AR R 8 T [R) B 58 T
B JRLEL A, AR SR A DA R /M IR K 58 T[] Sy
ek H A5 R s & 55 X 4 5 3 11 45 i it vk
it a2 5 R 430 3 [RDRE SR X e Uk At B E AT T 4 B
Gy RRTVEE S ZIRKEL T LARMNELT .
SR HRUAE 151 43410 5 W5 SR figp A58 B b bt 2B T 2 7 0 B
)R, Ik AR 2 A R o 2 R T TR
Hen T2 945 B0 R A AR 55 & 0 80 43 4tk ik
b & TR ARl 42 8] 4 46 98 B [a) 8, ALL
SRR X IR AT ML SR 0 43 HE R B ) A 48— A s
BRI ik R A At i 9T R FH NSGA -
A MOGWO P Fl 2 H A5 o0 IR A U8k 475K
fiff o bR SR 3 SR FH A o w4 Ty 2R Atk
b ABTC I R T AT Rh O =X 40 43 J5 10 45 St Ut i
FEACACTT 33 v 35 S AN AT AR i i L R 78 40 2% It Ik
b TR AR A AL (75 45 it vk 58 TR 22 SR
AH A it A ) T0 2 (] B 58 T3 T 7 ot 45 A 7
o R O BEBE A O B Y[R A0 R 0 S A
AR AT — 2D AT R A AR

AR SC DR FR Gt A A0 A 7 I AR 55 A A T
ESR N SIS AP O S E VAR G e TR o BOL W ]
P BB RS, I DLS T4 U8R ] 45 2545 DA B 1)
Al B AR it — B T U R LAY el ik
2% H b5 22 5 #E 46 Gimproved multi-objective dif-
ferential evolution, IMODE) % ¥ 3R fi# , i o % &~
(] T Bk A0 2 ) RIS 14 5 AR A 7 S0 1 AT S 5 G
BT o 380 0F 12 585 12 70 5K A AH G 265 40 AR 7 98 B[] |
PG B

2 MAN

1 B

Piie
St
=

1.1 EEN

S0
A 30 3 A 5 A A AR 3 e AR 7 O EE ) AL

K|

I



T HE U 23 ML A9 IMODE 55325 5K A 1 it 25 0 A= 77 8] B2 [ A

LM ORIR AR A

1 oAy it 2 AR A 7 R s TR R 7 ] A%
&L LA T 50 A A Y PR L AR 22 R R A A AR
I g AN TR B8 A A A O 22 AR R A AR

Hh
s | Ml = | =
[ ]
fER; B2 - |—| =8
M |:: > PR | 2o
e R M :g
22 ] W %ﬂ*ﬂ.é‘ﬁl e
== H 301
m vy | QB s -
Mﬁiﬁ[:i> %@mﬁzE:;;> ol o
e | o >
e UJ! BB A % pe
ﬂ RN | Bl | >| M 3
B ik off é‘?"%
R HBANEM :>

Bl m@sBEFRE

Fig.1 Flow of cigarette product production
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Fig.2 Matrix encoding diagram
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Tab.1 The cigarette order instances information

of A type
FRAR /N i K
B/ & 13 27 43
i AL 7 10 12
VIR TR 3.15 6.52 11.7
i AR /h 15 17 17
MATAHEH/A 21 21 21

F2 BEBHITRLFER

Tab.2 The cigarette order instances information

of B type
HLAE /h L N
B/ & 13 27 43
v A 8 10 13
PTG/ T8 4.09 9.11 14.23
HH R /h 17 17 17
MATAEHR/ 21 21 21

x3I CEBRITEAXMER

Tab.3 The cigarette order instances information

of C type
HUA /N h PN
Br-pLa/ & 13 27 43
i R 8 10 13
PRSI 5.46 12.17 17.04
BH A TR /h 19 19 19
M TAEH/ 22 22 22
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Tab.4 Medium-scale instance machine brand

production suitability matching
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Tab.5 Orthogonal experiment results GA-TD" B A7 5 b U SO g . = i) 2 19
iR F CR Lo SEHRCHV) Z Hin ik z — .1 2 H A5 R B 5 2% (multi-ob-
1 0.1 0.3 3 0.477 jective wolf pack algorithm s MOWPA) !, J& —
2 0.1 0.5 ° 0.482 T AE fiff R 43 0 9 B2 1) A E B O 1 e Y
3 1 0. A75 ~
0 0 )0 i 047 e+ A 3C T NSGA-IT, MOWPA , MODE 5
4 0.5 0.3 5 0.549 e .
- s s S 0207 IMODE 3t 4 807k i 47 X L 52 56, 6 e Bk i =
6 0.5 0.6 3 0.516 B IR 27 SCIRL29-31 1. 25 1 BEX LA AN
7 0.9 0.3 8 0.489 Az 77 S A3 0 R A R R AT FLSE S, A
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Tab.6 Experimental results of algorithm
o » NSGA-II MOWPA MODE IMODE
PTEAZEAL | RA - : ‘ . .
NS IGD HV NS IGD HV NS IGD HV NS IGD HV
/I 4 0.234 | 0.315 4 0.106 | 0.378 4 0.138 | 0.351 4 0.095 | 0.543
A% i 5 0.1 0.503 5 0.068 | 0.465 5 0.072 | 0.446 5 0.069 | 0.549
PN 5 0.071 | 0.37 6 0.036 | 0.455 6 0.076 | 0.327 6 0.036 | 0.471
/I 3 0.081 | 0.551 3 0.091 | 0.552 4 0.086 | 0.497 3 0.075 | 0.553
B% i 2 0.306 | 0.285 4 0.083 | 0.359 4 0.06 | 0.395 4 0.034 | 0.397
K 4 0.305 0.316 5 0.133 0.344 3 0.169 0.289 5 0.087 0.413
/I 3 0.11 | 0.314 5 0.106 | 0.416 4 0.125 | 0.355 4 0.069 | 0.421
o3k Ha 4 0.364 | 0.377 4 0.099 | 0.442 5 0.063 | 0.356 5 0.037 | 0.502
- P 5 0.269 | 0.317 6 0.081 | 0.491 6 0.144 | 0.371 6 0.079 | 0.489
M | 3.89 | 0.204 | 0.372 | 4.67 | 0.089 | 0.434 | 456 | 0.104 | 0.376 | 4.67 | 0.065 | 0.482
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Tab.7 Results of instances

fi e TR A K TR B 2% FRRLRL C 28

JFS |\ F/R | Fu/h |F/R| F/h | F/% | Fu/h
1 301910843 | 6 | 582.025 5 | 562.478
2 5 | 961.395 | 7 | 401.448 6 | 321.513
3 6 | 759.943 | 8 389.87 7 | 171.991
4 7 | 511074 | 9 | 205.695 8 91.936
5 8 | 425.991 | 9x 217 9 47.694
6 | 8 442 9 55
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Tab.8 Makespan of solution sets d
) o P
WIRES imaz | TmmBE | TMBCE
1 20.67 20.45 21.91
2 18.45 20.02 21.38
3 17.91 19.49 20.97
4 17.24 19.11 20.15
5 17.02 — 19.97
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