HWAHAK KONGHAK Vol. 35, No. 3, June, 1997, pp. 338-343
(Journal of the Korean Institute of Chemical Engineers)

SESHE st SHMA|E] T e
s -2 o

SEELECESE
(1996 39 189 A<, 19961 129 283 A=)

Development of Dynamic Scheduling Algorithms for Batch Processes
Daeho Ko and I Moon' ‘

Department of Chemical Engineering, Yonsei University
(Received 18 March 1996; accepted 28 December 1996)

° o

7199 A Yol R TY & FHE Aokd FUAERA2A] THE b3 Fa sk o} A4 4R A
5 GAsk 8hF £3HIo] RS QL 1 AR oIS TR 4 olE FAALAN Sl Basleh
AY HAM e HA PAAE 2 8 LA AL A7) estua T 9Jeke A7k 2 M| o). of
G BAE A FRUA Sl DAY AAE AS) AN LB A LAAE S 24
slo] AL Ha2 Fole FHAYAY 7o) 279 B AT E oleldt SAYUAY 71%2.24, DSMM
(Dynamic Shift Modification Method)s} PUOM(Parallel Unit Operation Method)."—] R 7}11 k31 Lo &
7H] A A Y Ao "B"}ﬁ]ilﬂr B33
A58 29 AE TANTA, 229 AIAGE T ol REER *3’:}%3/‘171% 4 A2 5 A o)
ol d FuEE bR A AR Al FA o ALt mAglo 2 1 gAS glEsldn)

Abstract— Dynamic scheduling is very important in constructing CIM and improving productivity of chemical pro-
cessing systems. Computation at the scheduling level requires mostly a long time to generate an optimal schedule, so it is
difficult to immediately respond to actual process events in real-time. To solve these problems, we developed dynamic
scheduling algorithms such as DSMM(Dynamic Shift Modification Method) and PUOM(Parallel Unit Operation Method).
Their main functions are to minimize the effects of unexpected disturbances, to predict a makespan of the updated dy-
namic schedule and to modify schedule desirably in real-time responding to process time variations. As a result, the al-
gorithms generate a new pertinent schedule in real-time which is close to the original schedule but provides an efficient
way of responding to the variation of process environment. Examples in a shampoo production batch process illustrate the
efficiency of the algorithms.
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Fig. 1. Control activity model of SP88[5].
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Fig. 2. SP88 architecture for batch management[3].
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Initialize tDiff to zero

Repeat step 2 to 4 until the last unit

Read u_ESTS|[n] and u_ECTS|n]

Read u_ESTR[n] and u_ECTR[n]

If ((u_ESTS[n] =u_ESTR[n]) and (u_ECTS[n] = u_ECTR[n]))
Modify the original schedule by using dynamic scheduling
algorithms

Else don't modify the original schedule.

VN AW =

Fig. 4a. Main algorithm of CDMan.

Dynamic_Scheduling Algorithm

DeltaS[n] «<— u_ECTS[n] — u_ESTS][n]
DeltaR[n] < u_ECTR[n] — u_ESTR[n]
Diff < DeltaR[n] — DeltaS[n]
tDiff < Diff + tDiff
If ((u_ESTR[n] < u_ESTS[n]) and (Diff > 0))
tDiff — tDiff + (u_ESTR[n] — u_ESTS[n])
u_ESTD[n] < u_ESTR{n]
u_ECTD[n] < u_ECTR[n]
Send u_ESTDI[n], u_ECTD[n] to Equipment Related Control level
Repeat follows(line 10 ~ line 11) until last stage
10 I (| u_ECTD[n]-u_ECTS[n]| ) «)
tDiff «— tDiff X B
11 If ((extra unit exist) and (tDiff > 0))
Execute DSMM algorithm
Else
Execute PUOM algorithm

N & W N =

= IR R N

Fig. 4b. Dynamic scheduling algorithm.

DSMM algorithm

u_ESTD[n] «— u_ESTS[n] + tDiff
u_ECTD[n] «— u_ECTS[n] + tDiff;
Send u_ESTD[n], u_ECTDIn] to Equipment Related Control level
If tDiff is same as zero
tDiff «— u_ECTD[n] ~ u_ECTS[n]

oSV S

PUOM algorithm

1 u_ESTD|n] < u_ESTS[n] + tDiff;

2 u_ECTD[n] — u_ESTD|n] + (u_ECTS[n] — u_ESTS[n])/y

3 Send u_ESTD[n], u_ECTD[n] to Equipment Related Control level
4 tDiff — u_ECTD[n] - u_ESTS|n};

Fig. 4c. DSMM and PUOM algorithm.
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Flow of Materials
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Fig. 6. Network-type shampoo production process.
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Fig. 7. Effects of dynamic scheduling for case 1.
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Fig. 8. Effects of dynamic scheduling for case 2.
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u_ESTS[n] : earliest start time of n stage unit which is scheduled

u_ECTS|n] : earliest completion time of n stage unit which is schedul-
ed

u_ESTR[n] : earliest start time of n stage unit which is in operation

u_ECTR[n] : earliest completion time of n stage unit which is in opera-
tion

u_ESTD{n] : earliest start time of n stage unit which is generated by
dynamic scheduling algorithm

u_ECTD|n] : earliest completion time of n stage unit which is generat-
ed by dynamic scheduling algorithm

DeltaS[n] : operation time of n stage unit which is scheduled
DeltaR[n] : operation time of n stage unit which is in operation
Diff[n] : difference of operation time between schedule and opera-

tDiff

N=Je .l

10.

11.
12.

tion

: accumulation of Diff[n]

: generosity which allows operation's deviation from schedule,
so this is determined by its process characteristics

: modifying factor of tDiff in order not to deviate opera-
tion from schedule

: modifying factor of operation time that is reduced by
PUOM
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