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Abstract: Production scheduling optimization is a difficult problem in polyamide filament production proc-
esses. A mixed-integer linear programming (MILP) model for cyclic schedules in polyamide filament plants
is formulated. The objective function of the problem is maximization of the profit. A tabu search (TS) algo-
rithm and a hybrid intelligent optimization algorithm are used to solve the problem in order to gain better re-
sults. The TS is good at the local search, while variable depth search (VDS) is capable to expend the search-
ing space, and the advantages of these two methods are fully combined in our algorithm. The effectiveness of
the proposed model and methods are verified with the data collected from a real-world manufacturing facility.
Keywords: polyamide filament; production scheduling; MILP; tabu search; variable depth search

Z >, | N
L MILHIRER5E X
& MY, HwEM Y, g °
LT DR S TR b, M, hIEl, 121001
2T DA E AR TR, #, hiEl, 121001

Email: jinhui5868@163.com, 316770717@qg.com, zhao7267@163.com
B OE: SRR A TR, AXE ST AR E R KA A HAL B ARG R R R
(Mixed-Integer Linear Programming, MILP) s #A£A! . 42 ik &3t T 2 844 % (Tabu Search, TS)5 % iR &
% H ik (Variable Depth Search, VDS)#) 2Lt 69 ik, ©aka T 28I 094052 5330 & 44 H A T AT K
LMY RATBIE RICE 88 ). RPN EIRAFHAE, AT 4 MILP AR R gt o Bkt AT 7 £
B, FR4ERIGIE T AT 5 69 ARA BT R ok Sk 698 AUk,
FEER: Ahb ke BT MILP; BRIG L%, ARSI %

151§

it A7 113 3 20 T 1 R AN SO I AN RN, 11 3%
e HBEAL, Z WA 2 T R/MER A7 2k
T BUACH 3 b ) 3 AR R A, B XA Al AN W
CHESCAE A BB, RSB RER . BT ik
AT B, HELHE TR, wsot R 5,
PRAR AR A, A P R AT g ) 22 5 2k, 42
NI TES . KR B A A RAME ., &
FEREERGESA . R BURRORT AN L A SR
AEREIRE, 5 BEAE ] — 2 3 B AT A [ 2
BE ™ b AN R RS 2 TR D) 48, 3ol s ok 1 AN ] 3 4
U SRS Ve 22 NSRS VA N 11 NI U % Yt B
BT TE{BEIST = 4 14 2 50 6 & 88 11 EL B 5 20071096

978-1-935068-14-3 © 2010 SciRes.

o AT REAPET R, ERE AR,
£ B2 HERE RN AR IR, AT B i G g 22 41
PR R 8 S e, 93D 7 D) i ) B D) e o e
PRI RHE, BT S EAE SR, X AR A
A 1O A A B B AN, e B A AR . H
B, S By A o 32 B AR IR B 0L 2 5 BEAT HER
SR, BEA 7™ b 1, i) 7 AR 15 ROk B 5 2%
HEEZ 00 3 LR UE e AL b

78 B SC#Ek P, Pinto and Grossmann, Alle and
Pinto® 5L FRELL I 0], #7277 5, W BINIE
ek LR AR TR W R B . Alle,
Papageorgiou and Pinto #3777 8, LB
S TR T A T R R R YT R A AR . 0



Proceedings of the 10th Conference on Man-Machine-Environment System Engineering

Pinto and Grossmann, Alle and Pinto {4 B 34T T4
Ji&, BB R R A EEAE AR . R T3
T ALl (Outer Approximation) F1J X Benders
IR YL 0] /5

AT —RB K 22 2 7= He = AR AL o] 8,
L T R ECE R, MO AR R R B
KA, ZELRG T AR R R R R G
AR & 338 45 16 4 Jee AR S48 RV R W e g o o oK
RUA A AR b S o AE 7 5080 1R v 5 45 SRR ] T B AR
LA Bk .
2 [EIRREEIAFNEFAEE
2.1 [E]EiEiR

K e M E T IR R R Tl 4k, Bf
WF 2R DA LFEZ, L2ERA, WEYA
W, PG, 2R HES AT, An]
PArp i A2 7=, B AKER R 3)MLE ik & %,
Ay, AR E K H R & B,

R e i e R, AN R A
B B g — b b IR N B e 9y 22 ZH A B R
E LS, B — e WRER ] . e n g &
AR, Ao B T AN ] o Ak 3E SR H A A i
RN R B, DA i B A MR R AR P O, BRAIG
AT RS o G FORE B [ BRI SO P TR
AR R A, WA TS R 77 B D 1 i
B, BAWGTee A, s B4 HE ™ 1) H
(o Haet ez A= Il FEAR AL ) T FiR ol . AE— A
S5 I T BT, 5 RS Rl 2 RS, e D)
Beok L, W), G PEERLAE,  ghow RERP T S AR AT A
oAz p=, e, DTS R 28 a5 b .

2.2 WFHE

221 BEXRiL

1) & Fh = 5 LU A 2 BT A B B
(flowshop T.) ) 5 2) HEE R TWERE], A%
FEHAL G EBR ; 3) ARSI R e, TR
FES TP T ), #5307 B a8 S A 75 SRk 8
s 4) AN AT BRI 3 AN A
222 RERTE

D) BRSSPI 2) SRR SR IT G R
7 B[R] R 45 S ]

‘ogi* Scientific
. J
+* Research

22.3 BREBAMLARFMH
ERINE A
Maxprofit = PrW,, — > > Ctr,Z,
i i

1)
1 Wpim _

‘EZ(%m Pim — Te )TPimCi izrim PWim
LR G AE: MUF 20

2.2;=1 v )

2.Z;=1 Vi ®3)

i

YELP- 45 29 K

Wim = yimTpim' VI, m (4)
ORI R ERERAPN

Ct> ZZZU—C% (5)

i

I TRV Z R, D)4 i) 20K
TSy <TS pyy Vim=12 (6)

im —

TSim + TPy < TS g ¥ TPinas ViM=12 " (7)

TczZTpim + ZZTU"‘Z” , Vm (8)
i i

FRLA: A AT 2R

dTp <1, Vi 9)
I, >0 (10)

PEM LA R
Vis < Vim <7 (11)

(L)AL ) H b ok B, RIS Rk s . 2o,
IR AR CRIEED N, BB Ik B
W, BB =IWUONEAR A, e a — T2 R AS

KQ@)FR: WEEF M, A HHE A0
w2z R RE)ER SR, BHNE
—A R AT @) R R T A I
5 2R PR N R R LY s 2R(5) 2 s 1 v 1 A 5 T E
() AT — =l , 5 — B B I T 2y Ak 2 1 7]
ANRESE T8 Z W0 0 A AR BRI R) s X (7) s T ]
S RSP = N WA R N 15 B N i s S B
TP R & SRR IA] 5 3X(8) s A 7 A A BT B B (1

978-1-935068-14-3 © 2010 SciRes.



‘ogi* Scientific
® J
+* Research

R el A BN IR s R (9) % 2 1 1l SR A
Wty RA)KREMAA N (1) RARFER
EFERE IR .
224 FFSIREA

1) 4

i,j=12 -, NP——= i,

m=12..--M —Fr &

2) LA G

TPy, —— 7 it i EFT B m R0 i [A] 5

TS, —— = f | 7EMTBE m 0 16 FF 46 B TR

3) “fHALE:

gy =1, A0 oz, =0

4) 4.

Tc —2 7= JA

Ctr; —— 0 R 2 TR D) 4 e

A, —— = 8 i 1K

Pr.—— =l i A

P —— Uk R I A 5

W, —— 7= i i B m 7 i R

C; —— A7 I [A) FRAST 7= o )P 20 A7 At 9

Vie —— i i K= RE
3 kEEEIKETIE
3.1 KEREX

ARSI ) B A HE P A AR ) B AL 2 AR
A, &1 NP-hard 7] @, X DL RS Bff 450 SR A
AU, 4R Metaheuristic 4532 3K H jn) &) i
Pofdt o AT T SR AR AR 28 HE P LA ) ) 25 o 4
RN RIS R AV A A IR A

Ly Ry R VAW W O = RS o B B T
RIEMHET . iR EENEANAEE. s
H— AN WIUR AR b iR, 0 M AR 1 20 ek i
A G M T SRR — i 32 A 0 B 1R A R A2 5
LRI, ) 220w SL A% S ke v, FF e R e 2 A A
4 JR AR A (best so far), ARG EIMAZRE,

978-1-935068-14-3 © 2010 SciRes.

Proceedings of the 10th Conference on Man-Machine-Environment System Engineering

[ I BB AR A o WIRANAFAE B IR, 28 3 1 3 it
AR 2 0 R RS D AR, AR FEAR K
MNEMAESRIFERFE R, MLER ER R
HRW AL IEMEN . 2RI RIEAE M e AL A S LA
i) L7 TR ] T2

AR AR A R R T I A — ARSI SRR A A
B R DM EIRNE GBIk ZREH
BRI AT TR — AR S I AR R PR A
AR MR AR R T ECR I R 5 H3)
SR SEIL AR A AR AL o T 3 2 AR AR O N, AT
HRBE) 2 e TR 38 R
ISR T AR IRy, BRI B 13 B L i .
AR AT ZE PR SBT3, 0 2 FR R ik
AN~ 73 ST o

PRGN A8 S STA R e 1) FELIN, S B i e 2 R
AT AT ARl T AR R R R AT —
AT, RN R N AR B A i
KRR 2R Y 0 A R AR, VR I R AN 4 )
RN ZH TIRKRS. h T kRl R AL
PORTY IR T 2 e s P A B
RIAE Sy, REMETE. ARSI EERE R
HEZRZ R, o AR, A ] AR IR P A R oK
1R VR I SR AR R A 1T 18 TS Sk AR IR
JE 4 R ST 1 R R A8 3 Rk 5 DL AR K 1 A2
. REBIZOZA THIAR. TR
MEsh i, el LU sl T SR . PR
g7 GG A, W BLEE B 155 S, 0
BRI R IRy, TR il i 19 30 5 AT () .

3.2 ki#dig

PR HE WK 1-3% 4.
® 1 FEREXREEQ)

7 TUFHIT S 7 T 1 7 R
G5 i) e/ T
A 11 18 1.011
B 15 3.6 1.013
C 2.0 4.2 1.018
D 2.0 4.5 1.017
E 14 3.1 1.013
F 2.0 4.0 1.016
G 15 3.8 1.015
H 17 3.8 1.015




Proceedings of the 10th Conference on Man-Machine-Environment System Engineering

F2. FREXRIEQ

e R ek A (TSN

A 200 720

B 150 680

C 450 500

D 250 500

E 100 500

F 600 600

G 150 600

H 200 650

F 3. FIREHE (MR

H A [R) A B c D E F G H
A 0 5 5 5 5 4 4 8
B 5 0 5 5 5 4 4 8
C 5 5 0 8 5 8 5 8
D 4 4 5 0 4 8 5 5
E 5 5 5 5 0 8 5 5
F 5 5 5 5 4 0 5 8
G 4 4 5 8 4 8 0 8
H 8 8 8 8 8 8 8 0

R4 BMERA (U

AR A B C D E F G H

A 0 7974 11374 11950 8910 6910 7974 12446
6814 0 11374 11950 8910 6910 3214 12446
6814 7974 0 11950 8910 10510 6830 12446
3214 3214 8846 0 5310 10510 6830 8846
6814 6830 11374 8350 0 10510 8465 8846
6814 6830 11374 8350 8846 0 8465 10510

3214 7974 11374 11950 8910 10510 O 10587

I & m m T O W

17446 13694 17446 13694 13694 17446 12465 O

PAAE ™ 8 Bl b B, B SEE R Bk R

PG AR = 25 S 3R SRR A0 0 0 A AR i ) 4G
P, — AN PO R AT g AT Al A S R A AR i
Hh A R B B R T A 22 (R0 e R U 2 B AR A
ISR L . AWEFOR R AR T G
AT Rp e it v, PRIBCZEAT Bl L de /N R 7 b A D 26
AP b SR A TR B 7 R AR

‘ogi* Scientific
® J
+* Research

AN P i A e B ) /N (0 7 i R TR SR AR R I
FE o, ELRIBRSESRE AT e X B ek R R
I RSt A s AT P it ol A Ay S 2 7 [ 7 i

BRIk W MR A IE T AL RS
AR RN P 5y AR 3K

P g X AL sk 70 g b BEALIE RE— =
Bl AR S K T BER RS, B HE R
AT AR (W) RS Bl B — N80 ALY O R iR, T
7 AT B8 T B PR iR 4R T2 i DG 13X AN P I 3
N2 N

oK BRKEEESIZEIEANEESF
DU PR 155 350 AN SO VR0 BRI e R IR B 2R e K
MRS ) SR AE 2 B A 0%, Bk THILME
F P AW KRS e AR KT NT,

FEMAEN] . e B, v RS H LA Ik i
AR AR =, SR ) ) RS AR AL, DLsR T
ARG PERE o B TR T IE AR VL, JF B H
NSRS R (B NA R E A

b ENI BT ARCE G A K 2 1 SR A
THOL, FOEMZIEMEN S E T A 1 AP
R R KB R (99 WO, WIS EZIE; 2) K
WS 16 YOS 19 21 58 LT 1) SR Al ) S 280k

SR TS SR TS B30 SR il v S A0 At Fn 45 IR
L8 W3 5.

% 5. TS/VDS & R#0 TS &R 5 ¥4 RRRY L

il 5 TS TS/VDS
L R \ \
e map COLE g SOLRE
(%) (%)
1 2031.42 2108.90 3.81 2125.45 4.62
2 2137.24 2210.22 3.41 2305.21 7.85
3 1948.87 2029.42 413 2084.34 6.95
4 1864.33 1930.32 3.53 2003.54 7.46
Sy 3.72 6.72

x5 Pt T E R A A 8 Bl S 4
YA R EHE AT TR, 45 R0, X T[RRI 4L
P, TS Jiik 1 TSIVDS J7 k4R se s iodb vl s fide, H
MIBAT &5 R R A TSIVDS Bk R Ry T rpgli
N TS J5 ik o X RF4150ds TSIVDS 59534 BE4% X 4]
WHRA BRI ML, B/ARSGEE R 4.62%, &K
F it F o 7.85%, 134 Bk A # 6.72%.

978-1-935068-14-3 © 2010 SciRes.



cientific

995 S
% Research

4,90
o

4 7t

O 28 1 22 A 7 2 W B 2 i P 8 7 I
HEAL TR A ORI, R T A R
WRED, B T REBIHBIRI G, Wi #5
SO RAT RS A R CR o S B 2B St X 5
BAEREIEAT T OB, SEI6 45 RAEW] TR BRIk
A3 RCPE AN S s N A

References (5% 3C#k)
[1]

=i

N

Silver, E.A. Inventory Management and Productions Planning and
Scheduling (Third Edition) [M]. John Wiley & Sons, 1998.
149-154.
Pinto J M, Grossmann |. E, Optimal Cyclic Scheduling of Multi-
stage Multiproduct Plants [J], Comput. Chem. Eng, 1994, 18(9), P
797-816.

[2

978-1-935068-14-3 © 2010 SciRes.

386

31

[4]

[5]

[6]

[71

(8]

Proceedings of the 10th Conference on Man-Machine-Environment System Engineering

Alle A , Pinto J M, Mixed-Integer Programming Models for the
Scheduling and Operational Optimization of Multiproduct Con-
tinuous Plants[J], Ind. Eng. Chem. Res, 2002, 41(11), P 2689-2704.

Alle A, Papageorgiou L G, Pinto J M, A Mathematical Program-
ming Approach for Cyclic Production and Cleaning Scheduling of
Multistage Continuous Plants[J], Computers and Chemical Engi-
neering, 2004,28 (1-2), P3-15.

Burak E, Sandra D E, Jain P,A Tabu Search Algorithm for the
Flowshop Scheduling Problem with Changing Neighborhoods[J],
Computers & Industrial Engineering ,2008, 54 (1), P1-11.

Pierre Hansen, Nenad Mladenovi‘c, Dragan Uro3evi'c, Variable
Neighborhood Search and Local Branching[J], Computers & Op-
erations Research, 2006, 33 (10), P3034-3045.

Kengo K, Akihiro H, Hiroyuki N. An Effective Local Search for
the Maximum Clique Problem [J], Information Processing Letters,
2005, 95 (5), P503-511.

Song G J, Modeling for Scheduling Problem of Continuous Gal-
vanized Coils and its System Development [D].Shenyang: North-
eastern University, 2008.

REY, FEIESIERE AR S R 4E[D], YL -
AR, 2008





