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Abstract: The first part of this paper presents a m odel for the short-term scheduling of multiproduct sin-
glestage batch plants w ith parallel lines. Then, in this part, some heuristic rules are introduced into the m od-
el based on the characteristics of the m odel and multiproduct singlestage batch plants. The rational usage of
these heuristic rules can reduce the number of 0- 1 variables, continuous variables and constraints, so that
the formulation of the model is tighter and the computational effort is greatly reduced. Furthermore, the
heuristic rules have no effect on the optim ality of the m odel. A large num ber of com putational exam ples show
that the optimal scheduling can be obtained by solving M ILP model in a reasonable short time, especially
when the scheduling problem involving several identical orders is considered.
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Tab.1 Processing times and unit ready times (in days)
TE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 154 YL 25 1T []
&1 1.70 1.25 2. 40 1.60 2.60 1.75 0
W2 1.70 1.40 1.80 1.90 1.60 1.48 3
W3 0.90 1.10 1.05 0.55 0.85 1.00 2
W4 4 0. 85 1.65 2.10 0.70 1.39 3

AL AVHAEE pc MU SER, ZHLET CPU A& Pentrum 1733, A7 A 128M . IRALSKARIEH T SAS

VER. 8.0 ' LP PROC #KAMELIF 3 e Fik.

AV AL AN R LT B PR MU A X 3 7 I (1]

Tab.2 Sequence-dependent setup times (in days) for All examples

*2
E 1 2 3 4 5 6 7 8
1 FS 0. 65
2 1.10 FS
3 1.00 0.15 FS 0.30
4 0.05 FS
5 0.30 0.70 0.90 0.60
6 1.40 0.30 0.70 FS
7 1.80 FS 0.85 0. 45
8 FS 1.65
9 2.10 1.25 0. 80
10 1.50 0.60 0.75 0.50 FS
11 0.95 FS FS
12 FS 0.80 0. 40 1.00 0.20
13 0.30 0.55 1.30 1.30 1.55
14 1.45 0.80 0.50
15 0.20 FS 0.40 1.20 0.30

0.

0.

9 10 11 12 13 14 15 S LR R AT I TA)
85 0.4 0.35 0.0
0.25 FS 0.70 1.2
60 0.20 0.50 0.75 FS 0.0
0.50 0.70 0.45 1.4
FS 0.90 0.80 FS 0.0
20 FS 1.20 0.55 0.20 2.0
1.00 1.10 FS FS 3.0
1.05 0.10 0.0
0. 65 0. 85 2.0
70 1.15 1.30 0.95 1.8
0.15 0.15 0.0
0. 60 FS 1.30 1.5
25 1.15 1.40 0.40 0.0
0.35 0.75 0.0
0. 80 0.30 1.05 2.5
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Tab.3 Model sizes and com putational requirements for scheduling problem s

s 0- 1748 B AP cpu {6 AW A A T fiE ,
A AL i 2 i [ FAIREL 43T 1] 1] B
M1 96 161 661 6. 45 6. 88 151 Ul:1-8;U2:1-8;U3:1-8; U4 1-8
8 1~ M2 52 71 227 6. 46 0. 44 106 Ul:1-3;U2:2-5; U3: 4-7; U4: 6-8
1T M3 52 71 227 6. 45 0. 44 106 Ul:1-3;U2:2-5; U3: 4-7; U4: 6-8 1.1
M3 32 52 131 7.20 0.13 16 Ul:1-2;U2: 3-4; U3: 5-6; U4: 7-8 1.0
M1 117 190 799 7.20 22.63 227 Ul:1-9;U2:1-9;U3:1-9; U4: 1-9
94~ M2 60 80 257 7.20 0.79 190 Ul:1-4;U2:3-6; U3: 5-8; U4: 7-9
1T M3 60 80 257 7.20 0.79 190 Ul:1-4;U2: 3-6; U3: 5-8; U4: 7-9 1.1
M3 39 49 158 7.20 0. 45 26 Ul:1-3;U2: 4-5; U3: 6-7; U4: 8-9 1.0
M1 140 257 994 7.20 114.16 507 Ul:1-9;U2:1-9;U3:1-9; U4: 1-9
10 M2 75 101 334 7.20 2.74 455 Ul:1-5;U2:3-7; U3: 6-9; U4: 8-10
A M3 68 88 292 7.20 0. 82 187 Ul:1-4;U2: 4-7; U3: 6-9; U4: 8-10 1.1
M3 53 67 222 8. 65 0.73 261 Ul:1-4;U2: 4-6; U3: 7-8; U4: 9-10 1.0
N M2 99 132 437 7.85" 17. 04 1939 Ul:1-5;U2:3-7;U3: 6-11;U4: 9-12
o M3 85 106 356 7.85 6. 49 356 Ul:1-4;12: 4-7;U3: 6-10; U4:10-12 1.1
s M3 74 93 308 8.65 7.63 2210 Ul:1-4;U2: 4-6; U3: 7-10; U4:10-12 1.0
151 M3 135 165 564 9.25 867.39 78311 Ul:1-5;U2: 4-9;U3: 8-13; U4:12-15 1.1
P M3 102 118 408 10.20  260.57 55264 Ul:1-4;U2:5-8;U3:9-12; U4:13-15 1.0
Fa 15 MITHRAR AL LR
Tab.4 Results for optimal scheduling involving 15 orders
&S i) i) B2 P Ab B I TR] T AH 9% g 37 ) Ak B FF A6 1] A B 25 BRI ]
1 1 1.70 0. 00 1.70
W 2 13 1.75 0.35 2.05 3.80
3 9 1.60 0.25 4.05 5.65
4 6 2.40 0. 80 6. 45 8. 85
5 4 1.70 3.00 4.70
W2 6 14 1.55 0.75 5.45 7.00
7 10 1.90 0.35 7.35 9.25
8 2 0. 90 2.00 2.90
9 11 0.55 0.25 3.15 3.70
WA 3 10 12 0.85 0.15 3.85 4.70
11 3 1.10 0. 80 5.50 6. 60
12 7 1.05 0. 30 6. 90 7.95
13 5 0.85 3.00 3.85
WA 4 14 8 2.10 0. 60 4. 45 6.55
15 15 1.39 0.10 6.65 8. 04

MF 3 I EH, ST AR A, 1 H e BUE
LA, i A M R0 — R — S SN R LA M2
FIM3.ou= 1.1, 040 8.9 MNITHAILE =B 0]y . 21T
FAECIR 22 I, I3 PR ) b RS R 1 R — B
A7 R b I N B [ O N R S LA M2 R0
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Tab.5 Results for optimal scheduling involving 12 orders (“- ” denotes earliness)
P P ] [ it 1T LB BN I DIGE 3 A 5% S S I (1] S0 BRI 4 1 7] b B4 I ] LW iR

1 1 1.70 0. 00 1.70 2 - 0.30
& 2 10 2.60 0. 40 2.10 4.70 5 - 0.30

3 9 0.70 5.40 7.00 7 0. 00
- 4 6 1.80 3.00 4.80 5 - 0.20
w2

5 4 1.70 0.05 5.50 7.20 7 0.20

6 3 1.10 2.00 3.10 3 0.10
. 7 7 1.05 0.30 3.40 4.45 4 0. 45
w3

8 11 0.55 1.00 5.45 6. 00 6 0. 00

9 2 0.90 0.95 7.10 8. 00 8 0. 00

10 12 0.70 3.05 3.75 4 - 0.25
W% 4 11 5 0. 85 0. 40 4.15 5.00 5 0.00

12 8 2.10 0. 60 5.90 8. 00 8 0. 00

5.2 AL AN RIAT R ) R K A

AN IS USRI A 2o A [RIRR LT HU J5 f) 7E
SR R, VHESEE 1 A 2 A 1o TR,
T bT A 5 (T B RO AR 6. S 1 AR AT 2R

PRI TR, S 2 DA TT FR R AR PR R T SE RN R, S
1 A2 BB /N RIS Sk DL 7, PiA 4 21 . 2%
ANV H RS BRI B A BT 46 5 SRS 8] 23 J31) WL 2% 8
R 9.

*6 MRS R
Tab. 6 Number of orders belonging to each category for Example 1 and 2
i 1 2 3 4 5 6 7 8 9 10
5 1 2 2 3 2 2 2 3 2 1 1
B 2 1 2 3 1 4 2 4 2 1 2
R SRR/ NRITHE SR
Tab.7 M odel sizes and com putational requirements for Example 1 and 2
0-1 LR | BEHARE | AR Hbx |cpu e8| &k AN B A RESN L N
AEC | A | wE | EE | mi | wH i T b
SEI 1 133 175 602 10. 95 483. 62 41020 Uur:1-8;U2:5-12;U3:10-17; U4:15-20 u=1.4
SEEG 2 140 194 776 26. 35 469. 62 3033 Uul:1-7;U2:5-12;U3:10-18; U4:15-22 | M=1.4, M= 12

E S IRI L T, 7 o R 75 A A
CRAMIEUA T ) SR 2T 9 75 3. R
A BSR4 SR VAR BT AL A S AT
LR T DLAE AN AT B LA B
AL R ANT U, AR R R T
HU, ASCHR R OB 6L WA 1]+ 2 e+ |
Tl 2w AN A8 FEAAE AL Mendez et al 1
YL IO A B A RO (2 )+ (2
e 2 A RS B T
U, A SCHR BT S AR EE Méndez et al [
B RO,

AR SCHRE IR A R R TR 3 1% 22 A TR
FLT B PR R 5 I L e I 1 S o P A ) A
SN LY AN N AN 1R = K= N AT = K
FRR R MER 2, 24 u= 1. 4 B, Pefk 20 AT HLA7
I [a] HUFF A6 3% 483, 62, MM /ME 22 ANTT HPEHT 5¢
RIS TR R LT A6 9% 469. 625, ELBE R 7 FEE 3 fiik
15 ANVT BRI E i) {0 n] B, BRAR AR 7 SEE 1 F 2
ARG T 20 ANIT AR PRI RLRT 22 AT R AR
FEREHTSE RN ), (H2 53R 3 Ak 15 AT AR
IS PR AH B W i) SR /N ZEAN K, BRI T) 21
PRDHGIT 1 A%, DR AR S N7 ) I R B A 22
AN [FIFT S U ) A R AR
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Tab.8 Results for optimal scheduling involving 20 orders

&S i) i) B2 1 AL B ] T AH 9% 4 A7 I ] Ak B FF L 1 ] Ak F 45 SR 1)
1 3 1.25 - 0. 00 1.25
2 1 1.70 1.00 2.25 3.95
&1 3 1 1.70 0. 00 3.95 5.65
4 10 2. 60 0. 40 6.05 8. 65
5 9 1.60 0.70 9.35 10.95
6 6 1.80 - 3.00 4.80
Wk o 7 6 1.80 0. 00 4.80 6. 60
8 4 1.70 0. 70 7.30 9. 00
9 4 1.70 0. 00 9. 00 10. 70
10 2 0. 90 - 2.00 2.90
11 2 0. 90 0. 00 2.90 3.80
12 3 1.10 1.10 4.90 6. 00
WA 3 13 3 1.10 0. 00 6. 00 7.10
14 7 1.05 0.30 7. 40 8. 45
15 7 1.05 0. 00 8. 45 9.50
16 7 1.05 0. 00 9.50 10.55
17 5 0.85 - 3.00 3.85
Wk 18 5 0. 85 0. 00 3.85 4.70
19 8 2.10 0. 60 5.30 7. 40
20 8 2.10 0. 00 7. 40 9.50

R 9 22 ML ST IE BN DAL A5 R
Tab.9 Results for Optimal Scheduling involving 22 orders
deg WPRIEE AT AREERTE BUFARSCESLWIE ARBRIFLAWIE ARPEGSRN R ASLEH SRETIE

1 1 1.70 - 0.30 2.00 2 0. 00
2 9 1.60 0.85 3. 40 5.00 5 0. 00
w1 3 3 1.25 1.25 6.70 7.95 11 3.05
4 3 1.25 0. 00 7.95 9.20 11 1.80
5 10 2.60 0.20 9. 40 12.00 12 0. 00
6 6 1.80 - 3. 00 4.80 7 2.20
Wk o 7 6 1.80 0. 00 4.80 6. 60 7 0. 40
8 4 1.70 0.70 7.30 9.00 9 0. 00
9 10 1.90 0. 70 10.10 12.00 12 0. 00
10 2 0.90 - 2.20 3.10 4 0.90
11 2 0.90 0. 00 3.10 4.00 4 0. 00
12 3 1.10 1.10 5.40 6.50 11 4.50
w3 13 7 1.05 0.30 6.80 7.85 11 3.15
14 7 1.05 0. 00 7.85 8.90 11 2.10
15 7 1.05 0. 00 8.90 9.95 11 1.05
16 7 1.05 0. 00 9.95 11.00 11 0. 00
17 5 0.85 - 3. 60 4. 45 7 2.55
18 5 0.85 0. 00 4. 45 5.30 7 1.70
Wk 4 19 5 0.85 0. 00 5.30 6.15 7 0.85
20 5 0.85 0. 00 6.15 7. 00 7 0. 00
21 8 2.10 0. 60 7. 80 9.90 12 2.10
22 8 2.10 0. 00 9.90 12.00 12 0. 00
6 %512(Conclusion) b e 5 AE BEEER B, ASSCHE— D3R T R R K

PEREI, JEREEATE DL A R, 3K 88 )5 e

A et T |
AR A TR A EBIRAMERIE TRy oo bR i 2 B 435 A

sty L B AL PR (1 22 SR L3R, iy HLRE AL 25 b
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