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Efficient Scheduling Algorithm for Sequential Multipurpose
Batch Processes
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Abstract : A novel mixed-integer linear programming model for the short-term scheduling of a sequential
multipurpose batch plant is addressed. First, a time slot domain to each unit is introduced. By assigning each time slot
to a product, we obtain the production sequence that minimizes makespan. For multiple-unit assignment problem
where a few parallel units with the same function exist, production paths are defined for the distinction of the same
stage with a different unit. As a second issue, the model adapted for sequence dependent changeover is presented. For
a time slot of a unit, if a product is assigned to the time slot and a different product is assigned to the adjacent time
slot, the changeover time considering this situation is included. The performance of the proposed models are illustrated

through two examples.
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and an event slot for manufacturing a batch
of a given product using the binary variable
Xikr.
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Table 1. Processing time.

Py (h) 1 2 3 4 5
A 8.0 - - 5.0 30
B 7.0 - 3.0 - 40
C - 6.0 - 9.0 30
D - 4.0 6.0 - 4.0
E 4.0 - - 5.0 4.0

E 2 243 024 52y 39 2 99
gAY 4 2 H3F 3.

Table. 2. Model formulation and optimal solution
for sequential multipurpose processes.
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Fig. 2. Optimal schedule for the example of
sequential multipurpose batch processes.

2. =M E FH|AlZtE DHE oA

A Aotell MILP =d-g #&4al
TAYE FolALE 28 F BdE 9T A elth 5719
AAE A B C D E 579 &, a8 gAT shte
A E A e 5 AR FAHS Aok 7o) At
E9 7}EAIGT AR FAelE ZBIAIZ] #E
A8E 13 ¥ 39 42 el Sig.



430

urit 1 P_mﬁiﬂi&
‘o 4 10 14 »20
e Wpedpler L
E 9 :5 |5S 18 24 27 48
oisylnlls] B
. 36
it 4 @{W/’Ai ’M f
. 18 16 20 24 by 31 35 39 4245 52
unit 5 i v‘; [y N

3 4 4 43 3 3 4

unit 3

AT SN Ccrzs DT

a9 3 XA 0=y 52y 3L AY 24
odjA9] Gantt chart.
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Table 3. Changeover time.

Siii (h) 1 2 3 4 5
B-A 2.0 - - - 2.0
C-A - - - 1.0 2.0
D-A - - - - 2.0
E-A 3.0 - - 2.0 1.0
A-B 1.0 - - - 1.0
C-B - - - - 1.0
D-B - - 3.0 - 2.0
E-B 2.0 - - - 3.0
A-C - - - 1.0 1.0
B-C - - - - 3.0
D-C - 2.0 - - 1.0
E-C - - - 1.0 20
A-D - - - - 1.0
B-D - - 2.0 - 3.0
C-D - 3.0 - - 1.0
E-D - - - - 2.0
A-E 2.0 - - 2.0 1.0
B-E 10 - - - 20
C-E - - - 3.0 10
D-E - - - - 3.0
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Fig. 4. Optimal schedule for the example of
sequential multipurpose batch processes
with sequence dependent changeovers.
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i,i” : products
JJ° ¢ units
Jjo 1 the last processing unit
k : time slot or event slot
k' : the last time slot or the last event slot
r - path

ki : time slot defined for unit j
ki : the last time slot defined for unit j

ey
I set of products
I, : set of products which can be processed in unit
J
J ¢ set of units

Ry, : set of processing paths of product { involving
unit j

K ' set of time slots

K; ' set of time slots postulated for unit j

R set of paths

SR;;: the set of unit j of product i

AMR71E

Cix ' completion time of unit j in event slot k

n;  : number of batches for each product i

Py processing time of product i at unit j

Sii ' changeover time required for product i after
{'in batch unit j

Tey; : the completion time for unit j in event slot k

Te;i : the completion time for unit j in event slot k of
product [

Tsy : the start time for unit j in event slot &k

Tsyr © the start time for unit j in event slot k of product
i

U upper bound

X © binary variable that assigns product i to event
slot k of path r

X’ * binary variable that assigns product i to event
slot k of unit j

X"t binary variable that assigns product i to event
slot k of path r of unit j

Y& : binary variable that assigns product i to event
slot k

Zix * binary variable that assigns product { after {" in
event slot k

Z'i © binary variable that assigns product i after i’
in event slot k of unit j
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