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Abstract — In this paper, we present mathematical models for optimal scheduling of non-sequential multipurpose batch pro-
cesses under various intermediate storage policies. Compared wiigraduct processes, in non-sequential multipurpose
batch processes, the production routes of products may be different from one another and may be backward direction. Conse-
quently, in order to reduce idle time of units and to raise the efficiency of process, we have to make operation sequences of
products in each unit differently by considering processing route of each product with a given intermediate storage policy. The
basic concept of our approach for these problems is as follows. Firstly, we represented the starting and finishing sikne of a ta
in each unit with two coordinates for a given storage policy. One is based on products, and the other is based on sequences.
Then, we matched the variables used in the two coordinates into one with binary variables and logical constraints. We formu-
lated these problems as MILP(Mixed Integer Linear Programming) models and apply them to three examples to show the

effectiveness of the model.
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Fig. 1. lllustrative example.
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Table 1. Data for illustrative example

Unit Unit 1 Unit 2 Unit 3
Product Processing times
A 3 8 4
B 7 5 2
C 6 4 7
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Fig. 3. Schematic diagram for example 1.
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Table 2. Data for example 1

Unit Unit 1 Unit 2 Unit 3
Product Processing times
P1 20 25 30
P2 15 10
P3 30 30
P4 20 15
P5 25 30
P6 35 30 20
Unit 1 S Ps | P3 [ » | » 1]
0 20 55 85 100 125
Unit 2 s | Pl [ P »6 [ 2]
0 30 55 5 105 115
Unit 3 s | P4 ] [ Pl [ P3 ]
0 20 35 55 85 115
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Fig. 5. Schematic diagram for example 2.

Table 3. Data for example 2
Unit Unit 1 Unit 2 Unit 3 Unit4

Product Processing times
A 15 8 12
B 10 20 5 13
C 20 7 9
D 7 17 5

Table 4. Optimal sequence in each unit for example 2
Unit 1 Unit 2 Unit 3 Unit4

uIS B-A-C C-B-D C-D-A-B D-A-B
W B-C-A C-B-D C-D-B-A D-B-A
NIS A-B-C C-B-D C-A-D-B D-A-B
FIS B-A-C B-C-D C-D-B-A D-B-A

Table 5. Statistical result for example 2

0-1 variable Continuous variable Constraint Makespan CPU(sec)

uIS 52 58 196 59 0.43
yAY 52 58 196 71 0.43
NIS 52 58 317 63 0.85
FIS 68 73 361 60 1.24
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Fig. 6. Result for FIS policy of example 2.
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Table 6. Production paths for example 3

Flow characters Production paths

P1 Forward Ul U4 U5- U6
P2 Backward U3, u2-.Ul
P3 Cycle U3, uU5- U2
P4 Forward U3, U4-U5
P5 Cycle U4.U6-U3- Ul
P6 Backward ue. U4 U2

Table 7. Data for example 3

Unit Unitl Unit2 Unit3 Unit4 Unit5 Unit6

Product Processing times
P1 6 10 17 4
P2 8 15 5
P3 20 8 13
P4 9 5 6
P5 15 11 9 7
P6 13 5 10

Table 8. Optimal sequence in each unit for example 3

Table 9. Statistical result for example 3

0-1 Variable Continuous variable Constraint Makespan CPU(sec)

uIS 68 83 263 53 1.15
ZW 68 83 263 59 141
NIS 68 83 431 56 1.85
FIS 77 113 501 53 2.17

14 20 28 38 53
Unit 2 I P2 | I P3 | P6 |
5 20 26 46 59
0 5 13 27 3839 48
Unic4 [ »s [ Pt ]
11 20 30 41 46 48 53
e ——
13 26 30 47 53 59

20 27 31 41 47 51

Fig. 7. Result for ZW policy of example 3.
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