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Abstract — We propose a new optimization framework for the reactive scheduling. The proposed rescheduling scheme
is specially focused on how to generate rescheduling results when equipment failure occurs. The approach is based on a
continuous-time problem representation that takes into account the schedule in progress, the updated information on the
batches still to be processed, the present plant state, the deviations in plant parameters and the time data. To update the
predictive scheduling, we used right shift rescheduling and total regeneration when equipment failure occurs. And, a
practical solution to the rescheduling problem requires satisfaction of two often confliction measures: the efficiency
measure that evaluates the satisfaction of a desired objective function value and the stability measure that evaluates the
amount of change between the schedules before and after the disruption. In this paper, the efficiency is measured by the
makespan of all jobs in the system. And, the stability is measured by the percentage change in makespan and the mod-
ified sequence deviation in the predictive scheduling and rescheduling.
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Fig. 1. Right-shift rescheduling on Gantt chart.
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Fig. 2. Operation strategy on machine j,,., when machine failure occurs.
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Fig. 3. Case of Step 2 on right shift rescheduling.
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Fig. 4. Case 1 of Step 3 on right shift rescheduling.
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ole] WSS W hITHY A4S PIALE 54 B
Hste] A3k Kol tiste] 52 A E (rescheduling) 71HQ1 total
regeneration= A3}, 0= QJsle] UlES 3|H2] I ] A
g TEQl MILP 7812 Rdle thia} o] S4uw, Alzd A
oFERl A (13). 2 (17 A (18)°] FFL.
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o}
Minimize Makespan > ET]{U. (10)

Allocation constraints

3 Xy=1 Viel (11
keK"
Y Xy=1 V¥ keK' (12)
iel
Xp=1 VYV ielyp keKyy (13)

Sequencing constraints

ET,—STy,> Y X, VkeK', jel (14)
iel’

ST+ -ETy20  VkeK, jel-{j} (15)

STy 2ET,,  VkeK'—{k},jel (16)

ST;«,/Z Toreakt Trepair YV ke K, i = Jbrear (17)

ET},; ST+ Y X,P,+T

iel

V keKiy i =imea  (18)

repair

21 (132 dlofe] 2ol oJal] EFE A3 T, = &R0l
WSS W Aol GRS A e AlEC R A5 A
AR oA SR time slotell X, =10] ¥]A] 373k A (17)2-
gAloPdo] Ak whelE o] nllA QS W AlEe] Akl gk
AekzzAolek. 2] (18) Aol o] wAysh Thelgdell A gAlold
o] XTH ARl TS pIAIA X5 AR Bk ARl o
gk Alekxzdo]t

3. HE ol

Guo®} Nonaka[7]= thes: El-2] a-7dolA] Zx|odo] das)
= W right shift schedullng 7S o] gsto] ZF Tl agd ol g
AZRA 7S W3S v initial scheduling®] HFZAAE A7)
HslE FHaslel= Ak E 278 robust scheduling 7]
He ARSI £ A= Guoeoll oJ8f Agke 71H e} 2 =
oA AESF rescheduling 71712 Hl3IITE 2 oA9] A=
GuoZ} H3tsh =2 QI83I3ict. oAl= 719 vhE AR o]
Folzit}, zp RS- TG s AxE THAE 309 =l
A& AR, BE AFE 2 @elegells o] AR Table 17+
2}, Guooll ,]o}wl Fig. 69149} 2o &% 352 37g00 %
Ao o] ¥HYEIAE ) initial scheduling®] HFZA A7) W
312 H4dlel= AAkEARE P3-P1-P5-P4-P2-P7-P6C 7 A4S
o HFZJABAITRE 82 holt}. Guo? initial scheduling &+
A2 2004 ZHo)do] 1, ,~12 hellA] wHAEkaL, ©hea7g 29
A = ARY T,,,,=6 h2 W right shift reschedulingel] 2]-8-3}4
AX¥et A3+ Fig. 70l Gannt chart® JERQICE o|ujo] HEx
ALEAIZS- 83 helrt.

Guo2| SAE & =FolA Aot 7S A8} o5 YAk
Ao ogt HA = &A= P5-P1-P3-P6-P4-P7-P2o]w], HFx
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Table 1. Data for example (flowshop under UIS)

it Product o1 py p3 pa P56 PT

Unit 1 5 7 9 28 1 1 7

Unit 2 5 4 14 1 17 8 2

Unit 3 4 2 18 9 4 3 4
[ oo |

Fig. 6. Gantt chart for example of Guo proposed on flowshop under
UIS.

Guo-right shift rescheduling

|
|
10 2 » '] 0 80 70 @

Fig. 7. Gantt chart for example of Guo-right shift rescheduling on
flowshop under UIS.
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;
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10 a0 ko] 40 50 60 0 Ly

Fig. 8. Gantt chart for example of predictive scheduling on flow-
shop under UIS.

AekEA17ES- 80 holT). Fig. 82 <& AakAIE ol tst HHs)=
Gannt chart® YERNSITE T3k Guo?| initial scheduling®l] -8
sk Aol o] AR E Agslo], & F=ollA ARFSt right shift
rescheduling®ll 28-3+ A3}& Fig. 90| Gannt chart® YERSIT]H

S KR
o] ] e [ = N -1

I 1 ]
I | [ [ [ | | I
1 0 3 % 50 60 10 &

Fig. 9. Gantt chart for example of the right shift rescheduling on
flowshop under UIS.

| Proposed Total Regeneration l

Unit1 (3

Unit 2

Unit 3

Fig. 10. Gantt chart for example of the total regeneration on flow-
shop

Table 2. Results of compare with Guo’ schedule for example (flowshop
under UIS)

Initial scheduling of Guo  Predictive scheduling
P3-P1-P5-P4-P2-P7-P6 P5-P1-P3-P6-P4-P7-P2

Product order

Makespan 82h 80h
Makespan in right shift 83h 80h
rescheduling
Percentage change 1.2% 0%
in makespan

2 =FollA] AR right shift reschedulingel] 2J3l Alxkd #E3
ALEEAIZES 80 holw], B3t 54 MILP 222 (10)-(18)°1 %
23 HZ3}¥ total regeneration 7|2 A3 HEZAA AT
2 80 h% A9k} right shift rescheduling®] a3} =2 A7}E B
2™, Guo?} Nonaka[7)7} AIQFeF robust schedule XU} &2 4
= 1o} #HA gk 52 A (rescheduling)®] total regeneration
A= Fig. 100 YeERSITE. 4] Al Ak=A= P5-P1-P3-P6-
P4-P2-P70]t}. £ oA 9] ¢ll5 ABAEAE], right shift rescheduling}
total regeneration®l] &l ANXFE AEFEA, HAFZAATAITY, S
“J ¥ sequence deviationZ} percentage change of makespang H]

W3+ A= Table 29} Table 30 YFERNSIE).

Table 3. Results of the proposed rescheduling for example (flowshop under UIS)

Predictive scheduling

Product order P5-P1-P3-P6-P4-P7-P2
Makespan 80h
Sequence deviation -
Percentage change in makespan -

Right shift rescheduling Total regeneration
P5-P1-P3-P6-P4-P7-P2 P5-P1-P3-P6-P4-P2-P7
80 h 80 h
- 1
0% 0%
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.4 B
=84 AAE aEsh 54 A E A AR o) (equipment
failure)e] WSS vl 24 LA WS Axgke R wg

3l o= *@’\Wi]ﬁ] (predictive scheduling) F.2)| 2Jatod AAIE

A AL Aot GAPAN, T W40 WEE AAto R
HFF S 4= Q)= right shift rescheduling®} total regeneration2- 913t
MILP 2228 7debqict. gk, B84 Q1Ake] WA A$9
predictive scheduling®} rescheduling 7+8] W3} =& F7dsk= 4%t
<1 schedule stability 2783 913}, 2 =0 3= 449 sequence

deviation¥} percentage change in makespans ARE-3}o] #|QtE T4
AAAE Q] QXS =430t} 023t schedule stability 2782
right shift rescheduling?} total regeneration®] X1} 712 #|A] 3l
=t

72 A

A S EeARke] 547]12375(R01-2002-000-00007-0)
of ] glo] ofal] o) Folgonl AU BetAlRe] 2
° ZE =R

ABI|E
i : product
] : unit
j : the last unit
Tbreak : the unit of occurring equipment failure
k : time slot
k : the last time slot
p; : processing time for the product i on unit j
STy : starting time for unit j on the time slot k
ETy; : ending time for unit j on the time slot k
ST;j : starting time for unit j on the time slot k under rescheduling
ET; y : ending time for unit j on the time slot k under rescheduling
Tepair : repairing time on the jj,.,.
yp : the entire set of jobs not processed at T,
Uyp : the set of jobs affected directly or indirectly by machine
failure on unit j

Tyap : the set of jobs not affected by machine failure on unit j
r D TupU Lp
K : the entire set of time slots not processed at Ty,
K\, : the set of time slots affected directly or indirectly by
2fskEst M433 MIsE 2005 102

machine failure on unit j

: the set of time slots not affected by machine failure on
unit j

Ky VK

M
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