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Table 1 Notations used throughout this paper and their definitions
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Table 2 Notations used in the sSAOR and their definitions
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; SR_H1 V_SR_HI1 Gap_LB
N N . T Gap_LB
LPT JSR_H1 *
V_SR_HI( 3.3 ) UAD. Gap LB = Makesp(zrll;H - LB « 100 (7)
; Makespan CH < {LPT
SR_H1 V_SR_H1} o,ll¢c,,.
LB C.u
. ( LPT. 3 T (9)
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0.3 s ; 20 x 20
’ ; pp.  V_SR_HI 10 s
3 Gap LB T
Table 3 Statistical results of three constructive heuristics on Gap_LB and T
LPT SR_HI V_SR_HI
Gap_LB T Gap_LB T Gap_LB T
Tail 4 x 4 13.20 0. 000 2.85 0.002 4. 66 0. 005
Tail _5 x5 16. 85 0. 000 5.28 0. 003 4.27 0. 009
Tail 7 x7 10. 98 0. 000 3.95 0. 009 2.09 0.042
Tail_10 x 10 7.06 0. 008 2.26 0.027 1.19 0. 245
Tail _15 x 15 4.03 0.053 0. 84 0.139 0.34 2. 050
Tail_20 x 20 1.99 0.217 0.56 0. 486 0.15 9. 675
9.02 0. 046 2.62 0.111 2.12 2. 004
Gap_LB.T T s
(SD).
Taillard
LPT.SR_H1  V_SR_HI1 30 MUAD MUAD,,
S CH e {LPT SR_HI V_SR_H1}; 1,
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sy RI € {sRSR sAOR sTR_GOS}; 10.2xY. | [0.7xY,.] .
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4 RRY V_SR_H1
4 V_SR_H1 7
4 RR{,
Table 4 The comparison of means for three constructive heuristics on RRN,,
sRSR sAOR sTR_GOS
RRES! RR;S® RRF RR;R RREECO | RRYFCOS | RRYF-S0S
LPT 1.111 1.518 1.098 1.442 1.108 1. 605 2.717
SR_H1 1.052 1.115 1.051 1.190 1.030 1.810 3.429
V_SR_HI 1.000 1.056 1.000 1.189 1.003 1.106 1.600
4.2 DT L,
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60 ; V_SR_HI (H) . (L)
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sRSR.sAOR  sTR_GOS. LD.RATE MUAD,, ; OT.LD.
2) MUAD ( occurrence time RATE.SIZE IM
oT) : (E) . (M) (L) .
tp (OT LD RATE SIZE IM)
Ly = C,.(So) () (* s" 1)
3) MUAD ( lasting duration MUAD

LD) : (S) . (M) (L)
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Table 5 The levels setting for each of the six factors
RI OoT LD RATE SIZE M
I=0
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1 sRSR ( interrupt—

(L0.05L,] <t, < [0.3L,1) | (L0.005L,] < DT < [0.035L, 1) (a =0.5) | (mxn<50)
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M M L B
2 sAOR ( interrupt—
(L0.35L,) <1, < [0.6L,7) | (L0.04L,] < DT < [0.07L, 1) (a=0.2) | (mxn=100)
resume)
L L
3| sTR_GOS — — —
(L0.65L,] <t, < [0.9L,1) | (L0.075L,] < DT < [0.105L, 1)
’ CPT Opy i*
( ) €pm j* (So) O(DM) (%) ae 0 0.5 Opy i* 0(0@1) (*)

Pbm j* =Ppum j* —min{ a * Y., ppy FE max{ t), — tpy i* (Sp) 0}} TP omy (F) = Piomy (jf) min{ o+ YV,

e€pm j* (S0)) Peomy (j*) }
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C. . R D
T . (s)
(7)
1) ( ratio between makespans RM)
C.u(Sy)
RM(S, S,) = ™=+ 9
( 0 "\) Cmax( SO) ( )
2) ( square root

of normalized timetable deviation SRNTD)

o l €;; el,(so) l
SRNTD(S, Sy) = [ ———
PIDNY
= G
(10)
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deviation NSD)
2 Qij( S, Sy)

NSD(S, S,) = 2<% (11)

m Xn
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2 160 )
2 160
4.3
4.3.1 ST 484F RM 9%t &R 5 54
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( 2) sTR_GOS ) RM
RM sAOR sRSR;
sAOR RM sRSR sAOR sTR_GOS
RM Wilcoxon
sTR_GOS 7 0.05; h 0
sAOR  sTR_GOS 1
: sRSR sTR_GOS sAOR. 7
N 13 h =0 ; (L M HS I
(s ).
2 MUAD “ —
sAOR  sTR_GOS RM 7
( sAOR RM sTR_GOS.
6 RM 3 - Friedman
Table 6 Statistical results of Friedman test for 3—related samples on RM
3 - 2
X p
sRSR 1.058 1.049 0.047 2.89
sAOR 1.036 1.025 0.042 1.80 2 160 3 352.443 2 0.000 ***
sTR_GOS 1.018 1.003 0.036 1.31
L 0.1% .
7 sAOR.sTR_GOS RM Wilcoxon
Table 7 Results of Wilcoxon signed—anks test for sSAOR  sTR_GOS on RM under specific scenarios
sAOR - sTR_GOS sAOR - sTR_GOS
z P h z p h
(ES HS 1) | -0.459" 0.646 0 (LM HS 0 | -2.366° 0.018 1
(ESL S 1) | -0.432° 0. 666 0 (LM HS1 | -1.820° 0.069 0
(EM H S 1) -2.411° 0.016 1 (L M L S 1) -2.521% 0.012 1
(EM L S 1) -2.556" 0.011 1 (E S HB 1 -1.741* 0. 082 0
(M S HS 1) | -1.079° 0.281 0 (ESLBTI | —1.86 0.068 0
(M S L S -1.852" 0. 064 0 (M S HB I -0.852*% 0.394 0
(M M H S 1) | -2.401° 0.016 1 (M S L B1 | —0.05° 0.954 0
(M L HS 1) | -2343° 0.019 1 (LS HB O | -3.040° 0.002 1
(LS HSO0 | -2666° 0.008 1 (LS HBI1) | -0.51" 0.575 0
(LS HS 1) | -0.943° 0.345 0 (L'SL B 1) | —1.500° 0.134 0
(L SLSTI -1.753*% 0.080 0 (L M H B 1) -2.490° 0.013 1
a b )
4.3.2  xFF 547 SRNTD #4325 % 5 4 (E° " B ) (M "7
3(a-b) ) sTR_GOS SRNTD
SRNTD 72 :
: (L™ " ") SRNTD
sAOR sRSR  sTR_GOS (E° " )y (MmN
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8 SRNTD 3 - Friedman
Table 8 Statistical results of Friedman test for 3—related samples on SRNTD
3 -
X’ p
sRSR 0.479 0.424 0.264 2.41
sAOR 0.302 0.220 0.242 1.14 2 160 2 578.294 2 0.000 ***
sTR_GOS 0.694 0.468 0.573 2.45
B 0.1% .
9 (L° " §7) SAOR.sTR_GOS SRNTD Wilcoxon
Table 9 Results of Wilcoxon signed—anks test for sSAOR  sTR_GOS on SRNTD under scenarios (L = * S ")
sAOR - sTR_GOS sAOR - sTR_GOS
Z p h Z p h
(L S H S0 -3.107" 0.002 1 (LML SO0 | -1.712° 0.087 0
(LS HSI -3.621° 0.000 1 (LM L S 1 -2.981° 0.003 1
(L SL SO0 - 0.866" 0.386 0 (L' L HSO -3.101" 0.002 1
(L SLSI —2.934" 0.003 1 (L' L HSI -3.980" 0.000 1
(LM H S 0) -3.045" 0.002 1 (LLL SO - 0.465* 0.642 0
(LM H S 1) -3.296" 0.001 1 (L LLSI -3.076" 0.002 1
2@ b .
4.3.3 3P TI54F NSD 094t 45 R 5 547 sAOR
sRSR  sAOR sRSR
2s
NSD 0. sTR_GOS (L~ I R A T
sRSR T
4 10 sAOR
sTR_GOS NSD “ 7
. MUAD 3-6
sTR_GOS NSD ; :sAOR
MUAD
sTR_GOS
sTR_GOS sTR_GOS
NSD NSD ; 1s
0.03 10 s
0.92. oT SIZE
4.3.4 T ARTHRITERS ST MUAD
sTR_GOS .
4.3.5 HEBFTEZHALRAO%ITRT
10 10 N

sRSR
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Table 10 Statistical results on T for three rescheduling methods ( unit: second)
sRSR sAOR sTR_GOS
(E ° * * *) 10.000 | 0.000 | 0.131 | 0.371 | 0.000 | 1.969 | 1.512 | 2.637 | 0.000 | 9.407
oT (M7* 5 " 0.000 | 0.000 | 0.003 | 0.013 | 0.000 | 0.250 | 1.086 | 1.925 | 0.000 | 6.609
(L* " " 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.570 | 1.034 | 0.000 | 3.719
(" S * %) 10.000 | 0.000 | 0.021 | 0.133 | 0.000 | 1.907 | 1.091 | 2.096 | 0.000 | 9.407
LD (* M ° " ") | 0.000 | 0.000 | 0.044 | 0.216 | 0.000 | 1.884 | 1.039 | 1.975 | 0.000 | 8.500
(" L " * %) | 0.000 | 0.000 | 0.068 | 0.289 | 0.000 | 1.969 | 1.039 | 1.970 | 0.000 | 9.250
(* " H * *) |0.000 | 0.000 | 0.036 | 0.195 | 0.000 | 1.969 | 1.054 | 2.012 | 0.000 | 9.250
RATE (* * L " ) ]0.000 | 0.000 | 0.053 | 0.247 | 0.000 | 1.938 | 1.058 | 2.016 | 0.000 | 9.407
(" * " s ") |0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.013 | 0.016 | 0.000 | 0.072
SIZE (" B *) | 0.000 | 0.000 | 0.089 | 0.309 | 0.000 | 1.969 | 2.100 | 2.436 | 0.031 | 9.407
(" " " 0) |0.000 | 0.000 | 0.052 | 0.245 | 0.000 | 1.969 | 1.047 | 1.996 | 0.000 | 8.500
™ (" " " " 1) |0.000 | 0.000 | 0.037 | 0.197 | 0.000 | 1.953 | 1.065 | 2.032 | 0.000 | 9.407
(" * " ) |0.000 | 0.000 | 0.044 | 0.223 | 0.000 | 1.969 | 1.056 | 2.014 | 0.000 | 9.407
1) (s T
sAOR RM sAOR SRNTD
sTR_GOS ; sRSR 5(a) ; (L S L S 1) sTR_GOS
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sTR_GOS SRNTD Table 11(b) Means oflj:rle)e rescheduling methods on NSD under
NSD 3(h) the (L * L S 0) scenarios
4 . 6 T NSD
sTR_GOS sRSR sAOR sTR_GOS
sRSR  sAOR. MUAD (LS LSO 0 0 0.012
( mxn=100) (LM L S0 0 0 0.014
sTR_GOS N MUAD .pp (LLL SO 0 0 0.013
(L° L S 0 0 0 0.013
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Table 11(¢) Means of three rescheduling methods on 7 under
the (L. © L S 0) scenarios

Table 11(a) Means of three rescheduling methods on RM under
the (L © L S 0) scenarios
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Open shop rescheduling under a common disruptive condition

LIU Le ZHOU Hong
School of Economics and Management Beihang University Beijing 100191 China

Abstract: This paper focuses on how to conduct effective and real-time rescheduling at an open shop subject
to random Machine UnAvailability for a Duration ( MUAD) and its concurrent Compressions of Processing
Times ( CPT) . In this study efficiency is measured by the makespan while the stability measure is associat—
ed with the sequence deviation and ending time deviation. With three typical rescheduling strategies in the lit—
erature ( i. e. right-shift rescheduling affected operations rescheduling and total rescheduling) three specif—
ic approaches named sRSR  sAOR and sTR_GOS are proposed and implemented for the concerned MUAD .,
disruption. In extensive experiments by randomly generating various rescheduling scenarios three initializa—
tions of previous schedules are examined and three rescheduling approaches are independently tested. The re—
sults statistically reveal that: 1) sAOR is highly recommended when the MUAD disruption lasts for a short du—
ration and Interrupt-Resume mode is adopted; 2) sTR_GOS is relatively desirable in case of late MUAD dis—
ruption low compression rate small instance size and Interrupt-Repeat mode.

Key words: rescheduling; open shop; disruptions; stability; affected operations rescheduling



