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Introduction

In batch plants, the scheduling considering sequence dependent changeovers is very important since multiple kinds of products are involved. The changeovers for a production in a unit will be affected by the immediately previous production in the unit. While the changeovers will be relatively small or negligible for a production that is similar to the previous production in a unit, considerable setup time will be needed for the production quite different from the previous one. While scheduling algorithms considering sequence dependent changeovers have been widely developed for multiproduct batch processes (Jung, 1993; Byun, 1997), less have been done for multipurpose processes.

One of the important issues in scheduling problems of multipurpose plants is the representation of time horizon. To overcome shortcomings of discrete time representation, Pinto and Grossmann (1995), and Bok and Park (1998) presented two-coordinate continuous time model for the multistage batch plants that contain units in parallel. In this work we present a new MILP model for the scheduling of multipurpose plants considering sequence dependent changeovers. A continuous time model is built for the general multipurpose plants where direct and reverse flows as well as reentrant flows exist. 

Mathematical Model

The proposed model is based on the multipurpose batch processes. During a scheduling horizon that is specified or not, multiple products should be produced with minimal makespan. 
The main idea in this model is the use of the continuous time domain for scheduling of such complex multipurpose plants with sequence dependent changeovers. The scheduling formulation presented here is based on the use of two-coordinates for product and unit (Pinto and Grossmann, 1998: Bok and Park, 1998). 

Decision of the processing sequence means matching the stage block of each product to the time slot of a unit by defining a binary variable 

 such that the objective value is minimized. When stage 

 of product 

in a product coordinate is assigned to slot 

 of unit 

 in a unit coordinate, 

 equals to 1. 

The constraints and objective function used in this model are as follows.

(a)  assignment constraints
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(b)  calculation of end times
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(3)
Note that processing times of products are determined by not only which unit the products go through but also the number of entrance to the unit. The second entrance to the same unit may be different from the first one in the sense that the state or properties of the product change. Such a distinction can be made by using different processing times. Stage information with product and unit index can discriminate processing times of a product at the same units. 
(c) timing constraint considering the sequence dependent changeovers
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The batch processes usually produce multiple kinds of products that require consideration of changeover times that are sensitive to the precedent processing. The changeover times may be different depending on which processing is earlier as well as where the processing occurs. If stage l of product i matches to time slot k of unit j (Wijkl =1) and stage l’ of different production i’ matches to adjacent time slot k+1 of unit j (Wi’ j,k+1,l’ =1), the changeover time (Sii’l’j) dependent on the sequence should be included as equation (4).

(d) sequence of stages and slots


[image: image6.wmf]*

£

il

il

Ts

Te




, 


(5)
(e) assignment of earlier slots
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(6b)

Equations (6a) and (6b) are concerned with the precedence of time slot matching. Time slot k+1 can be used only when time slot k has already been matched at unit j. In the case when the exact postulation of the number of time slots is made and yjk is no longer necessary, equation (6b) only stands for the assignment of earlier slots.
(c)  binary and continuous specifications
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Minimize Makespan 






 EMBED Equation.2  
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Example 

 The multipurpose scheduling with 5 products and 6 units is considered. Four stages are organized with units as follows: {1, 2}, {3, 4}, {5}, and {6} respectively. The processing times and setup times are given in Table 1. Table 2 shows the optimization results for this example. 

Table 1. Processing times and setup times for example 1


Processing times for products

Unit
1
2
3
4
5

1
10
15
20
-
-

2
10
15
20
-
-

3
20
8
7
7
8

4
20
8
7
7
8

5
5
12
-
17
15

6
15
-
5
10
10


Changeover times for productions 

Unit
2-1
3-1
4-1
5-1
1-2
3-2
4-2
5-2
1-3
2-3
4-3
5-3
1-4
2-4
3-4
5-4
1-5
2-5
3-5
4-5

1
1
2
1
2
3
3
3
1
3
2
1
2
-
-
-
-
-
-
-
-

2
1
2
1
2
3
3
3
1
3
2
1
2
-
-
-
-
-
-
-
-

3
1
2
1
1
1
1
2
1
2
1
2
1
1
1
1
1
4
1
1
1

4
1
2
1
1
1
1
2
1
2
1
2
1
1
1
1
1
4
1
1
1

5
3
3
2
2
1
4
1
1
-
-
-
-
1
2
4
2
1
3
3
3

6
2
2
4
4
-
-
-
-
2
2
2
4
2
2
2
2
2
2
3
2

Table 2. Computational statistics of example 1

Optimization results

0-1 variables
Constraints
Continuous variables
Makespan
CPU [s]*
Iterations

256
233
427
70
85.6
60420

* OSL is used for branch and bound on SUN SPARC 10
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