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Bad-scenario Set Based Risk-resisting Robust Scheduling Model

WANG Bing' YANG Xiao-Fei? LI Qiao-Yun' 2

Abstract We discuss robust scheduling models under uncertain environments described by scenario approach. Using the
insights revealed by the analysis of traditional uncertain scheduling models involving the conflicting and balancing twofold
relevance, which are the motivation of pursuing better performance and the conservatism of resisting risk, we establish a
kind of new robust scheduling model. The optimization objective combines expected performance and robustness measure
with a balance factor. A risk-resisting robustness measure is defined based on the concept of bad-scenario set, in which the
number of bad scenarios can be adjusted by a standard performance. Thus, a set of robust scheduling models is established
as the balance factor or the standard performance varies. A series of theorems reveal the relationship among the set of
new models proposed in this paper and traditional uncertain scheduling models. And the condition of effectiveness of
robustness for the set of new models is proposed as a theorem. Furthermore, an extensive experiment was conducted for
job-shop scheduling problems with uncertain processing time. The computational results provide evidence that the set of
new models is more comprehensive and more integrated in terms of pursuing better statistic performance and resisting
the risk of performance deterioration. Thus, the new model can realize better balance between expected performance and
risk-resisting robustness, as comparied against existing uncertain scheduling models.
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B EC BR vc wcC BN
1.00 586 2043 3144 729 29
1.05 586 847 3144 729 21
1.10 586 313 3144 729 9
1.15 591 s 3635 697 6
1.20 583 7 3144 708 3
1.40 575 0 3144 789 0

1 MEEIREY, BEE T K, KI5t
i 2 Wi =, BN &##h, BR />, HEl BN
hE, WA 2 BN A hER, EC, VO,
WC AR IS B, X 36 W 7E S Ak 5 250,
N B T TR S AN TR B R AR AL AR S AN K.
M BN hEE, 854807, BR WA, X1
ECBM B4k ECM, WC 2, W aEIAL%
FRFEER. xR 45 1R, X T ECBM, HEIR
WSt T T REAEA3 008 3 S AN N 2, B AL D
AR, EXATEHEN, SISO SR R4
I THE SRR AK.

FH AT IR MR, FRATA LG T = 1.05EC™*, Il
WRAE o MANFEBUE R, B ECBM Fr #5145 1
AefEUnZR 2 fion.

#£2 FETT=105EC" i ECBM Fi5- %4 T REME

Table 2 Schedule performances from ECBMs with

T =1.05EC*

«a EC BR vc wc BN
0.0 575 1771 5230 789 15
0.2 586 847 3144 729 21
0.4 586 847 3144 729 21
0.6 586 847 3144 729 21
0.8 589 846 3058 729 21
1.0 591 845 3043 729 21

M a =0 K, ECBM SBrih & ECM. H 2
ATLLEH, 2 a B 0.2 31 0.8 Z [l B, 45 5As
AR, g il, BRI %E EC(s) f1 BR(s)
i, %5 BR(s) fEALA H bx b B 35 K AN & A
BR(s) %4, UWAEANRFIAE T ZHIEH T H
W4T, 52 o K 1.0 B, Dotk B Ax h A%
EC(s), IX%}& BR(s), Xk BR(s) {/yn A o, (H
EC MReE T FF%.

7E R HPsER, ATHE « 24 0, 0.5, 1.0 =
it IE, MBI HART %G EC(s) [R5
EC(s) M1 BR(s) LA 7% & BR(s) —M1GiE.

3.2 ECBM S5#&Z&AHMEAEFERA LR

AL 2% T = 1.05EC* 1 T =
1.10EC*, ¥ 3T T 1) ECBM 5144 (%) ECM,
ECVM, WCM A1 WRM #EAT L%, XFRENL~ 4
(141375 I R AR U Il S SRR 20 ¥k, HX
20 IR AT B L5 F A H b R E e 0 R R A D SR i 4
B, AU B 2 Koy I WAk 3 FIk 4, B %
PEREAE N A — AN BEAL TR 10 dIBENLI 50T SR E 45
REEIE. £ER 3 TR 4 P, 8 SO BE AN [5)
FEMIANAERESHh, MR JEhat (5) & Xk
Ja M, EC T BB SRR B P RE AR P,
WC, BN JxWeT IR M E#M, VC, BR
MR W VRS —H ME G5 779 % B
T PO A 5 TR R AR AR b e A U A, R
PRVE A A % B IR Ch AR T B L H B =
T A 10 % N IPEREME), FA1HE ok HA e
T ANRARAL I PR RERR M BT PERE. AT S “47 4n
T B R R AR M BE 1 e 2511

R 3 Ik 4 PP E 4R, AT A B R
ZEi8:

1) &% WCM, MRM, ECM, ECVM A
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ECBM 3| 7 &A% Atk $ads WC, MR, EC,
VC Fl BR Wi,

2) ECBM 7t i LA 8 v 3R A5 55 22 1R - 1
fe, HAE DT DI ) A s — N R e TR REL 8
7~ T ECBM FHX AL GEAN i 7 FEA Y (1R L

3) T ECBM, b a = 1.0 Al o = 0.5 K
g5, WTLUE RS TE N AR ZE AR, TR
BB EERR T EC A LT W U, (AR 2 B )
irh, X BR(s) ML E R —FEm). XFER)
ERIGIUE T B 4 ot ECBM 445 1 B ML)
8T BT BR(s) ENXASHAS TX EC* [1)iE
K, M o = 1.0 {LLL BR(s) Atk HAREF, FIFERE
X EC(s) Hithtk.

4) %tF ECBM, I EC {4 #4 WCM
ECWYM 5 pC* 2], 2 WC {H437E ECM F

(1) WOEM 5 W= Z ), 5uF 7 w2 3 14518,

5) ECM & — /> B ali UK 1 i 1va) 11 U0 85 455 284
1t EC 1 BN FRIHIRLF, (AfE VC WO L
LIz 5 ECM ML, ECBM #£ EC fil BN %
WLERELS, T HAE VO ERIEZ. L FERS
@k, ECBM #Btt ECM £ WO LEERBUE, W]
LEYSE IR PE | ECBM AT ECM, 1 ZEH R
K b, ECBM B £ 41T ECM.

6) HPr XA WCM ALk, ECBM £k WC
ML BT A T Re ARG T SRR A )RR AR
YA FE, ECBM AR 00 T WCM. M fift i 51 A K6 &
WA, ECBM #ttk WCM, K43 WC #1 BN 1)
PEREAE T A %Ak, BT LUAEXT WCM, ECBM 14 £
R A 0 R PR 68 e M R SR AT 128 B P AR AL 2
J7 Wk 2 7 5 b i 346

# 3 AF Job-shop Ul B TURH AN 2 LK LE#E: ECBMs H T = 1.05EC*
Table 3 Comparison of five uncertain models for job-shop scheduling problems with 7' = 1.05EC* in ECBMs
i AR
it PEAE WCM MRM ECM ECVM ECBM
o= a=0.5 a=1.0 a=0.5 a=1.0

EC 604 591 581* 651% 6517 588" 588"
vC 3317 3535 4944%# 1951 1951* 3107" 3107"
BR 1217 1123 1649 3483# 3483# 755" 755*

FT06 . N
MR 207 144~ 167 218# 218# 159 159
wcC 699* 734 786# 764 764 726" 726"
BN 24 20 15* 40%# 29 18~ 18~
EC 1198~ 1174 1160* 1391 1509 1163~ 1179°
vc 4835 5839 66697 419° 380* 5855 4142

Lal2 BR 841 707 745 30125 31269# 448+ 448*
MR 169 65* 84 437 503# 69° 133
wcC 1296* 13157 1347° 1446 1460# 1296* 1296*
BN 27 19 14* 50% 50% 14* 14*
EC 1216~ 1182° 1169* 1448 1568% 1176 1189°
vC 3946 4981 5269%# 383" 328* 3848 2678

Lal3 BR 1345 1052 806~ 48 597 115273# 471 471~
MR 163 62* 95~ 486 577# 126 185
wcC 1311* 1368~ 1313° 1495 1596% 1311* 1311*
BN 21 11 10 50%# 50% 8" T
EC 1226~ 1166° 1157* 1433 1466 1164" 1182°
vCe 5758% 5240 5209 421" 373* 4497 3336

Lald BR 3165 1024 850" 48180 63353# 748* 748*
MR 240 42 527 487 5367 117 103
wc 1346* 1367 1346* 1498 1509# 1346* 1346*
BN 28 11 10° 50% 50% 9* 9*
EC 11757 1167° 1148* 1404 1443 1164~ 1171
vc 3609 5264 6733% 730" 662* 4010 3855

FT10 BR 339 957 743 40 086 57 128# 354 234>
MR 348 279* 340 692# 626 325" 328"
wcC 1251* 1358" 1300 1468 1507# 1268~ 1260"
BN 19 16 147 507 50% 157 12~
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Table 4 Comparison of five uncertain models for job-shop scheduling problems with 7' = 1.10EC* in ECBMs
AR
Jii] J PEfE WCM MRM ECM ECVM ECBM
a=0.0 a=0.5 a=1.0 a=0.5 a=1.0

EC 604 591 581* 651" 651% 588" 588~
vc 3317 3535 49447 1951* 1951~ 3107 3107
BR 376 458 888 1513# 1513# 276" 276*

FTO06 . R
MR 207 144* 167 218% 218% 159 159
wcC 699* 734" 7867 764 764 726" 726"
BN 14 10" 10" 29# 29% 7 7
EC 1198° 11747 1160* 1391 1509%# 1163~ 1188
vc 4835 5839 66697 419 380* 6036 5366

Lal2 BR 9° 38 110 13490 14175% 9° 8*
MR 169 65* 84"~ 437 503 151 213
wcC 1296* 13157 1347 1446 1460%* 1296* 1296*
BN 4 5 3" 507 50% 3" 2%
EC 1216~ 1182~ 1169* 1448 1568 1171 12167
vc 3946 4981 5269% 383" 328* 4865 3102

Lal3 BR 59 212 50 42843% 22800 23* 23*
MR 163 62* 95~ 486 577 107 177
wcC 1311~ 1368~ 1313° 1495 1596% 1311~ 1311*
BN 10 4* 7 507 507 5" 4>
EC 12257 1166~ 1157* 1433 1466 11597 11947
vc 5758% 5240 5209 421" 373* 4721 38127

Lald BR 499 228 163~ 26 238 376607 158* 158*
MR 240 42* 52" 487 5367 78 152
wcC 1346* 1367° 1346* 1498 1509% 1346* 1346*
BN 16 5 4° 507 507 3* 3*
EC 1175 1167° 1149* 1404 1444% 1168~ 11817
vc 3609 5264 6733% 730" 662" 5298 4429

FT10 BR 0* 188 69 20596 33131# 3" 0*
MR 348 279* 340 692% 626 338" 3027
wc 1251* 1358 1300 1468 1507# 1268~ 1258"
BN 0 4 3 507 507 1° 0*

7) MRM 2324 15 2 28 DA 1R e I Ho XL A
RO E LA b i B e R AR B EC, WO Rl
BN &5 1o LLE 1, MRM & ##218 ECBM [
AL 5 MRM AHLE, MBURES B, £5 K2 )
it ECBM £ WC #1 BN FRIIHFAZE, W
Wtk 2, ECBM 2t MRM B 4f— 5. AHxt
MRM, ECBM ¥4 #4550 A4 T 7E L SR A 1) 1 o1 45 67
HE MRM KK/, MRM #7672k 7 |A]
ANFES S RIS s5, JEoRME A VR e i
LSRG SRR TR B o 3 (B) (TR B ), LR
BURME (Al 4+ 1 ORI i ECBM 7EAN [H3% 5%
THIEHENE R S0 EC* BNk Y] ECBM £
— T TR A i i 5 R IR 1R 7 L

8) ECVM 3k1% T i 2 M e NP fE, X KW 7E
P A R b TG0 AT XU 5 4 1 s o FRURR 2

AR, ECVM # &m0, Eh—ALL VC &
J5 B AN E AR, ECVM. S2pR F3Eh— AN
U VO A 2 (135 AR I Ah 7 T M RE 1Y
AN, B2 ECVM A T 3837 5 vk R, i HL
P T a3 e v, DA s T R A IR PR R
ECBM T &S R e i EC FAm
HIR I S5, A28 V.C AN LT B 1 g b #FEL
P LF{E, ECBM 7EfRRI G PERE RN & He k138
W 24T ECVM.

9) bk 3 TR 4 &R LR, MFEuetk
RE T 84K, izl 1w, BT ECVM, H4
BRI 54 H BN #i& 0, (H ECBM %
L (R38BT s

IR IAR S R AT R B, ECBM AUAR X P
Tl Bl Qi 1v) (100 AN 2 8 S8 AE R0 e S g 1) b 3R T
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S PEMIZE G, T ELATR P 2 A A TR 5 i 1) AN
il 5 VA ER AT W) A2 (R PR3

4 HERIE

ASCHEFE S S A IE T AN I LR, i
XA GUREIEAE YA FTRS & R VAR SR RAEfE
IR R A 22 1) b SR (I DA AR B 1R 20 M, g A
GEANH A R JREASE TR U 290 DAy B (i ) (109 M 5 O T £
PR, JFRE T, SR T R T IR R SR R
FEPREAY. PR b B B IR 7 AR T
S, W SR R s 1B H Ay el A SRR D
PAY, 2P DN 7 B BEME R R AR A I, R
PR EER Y.

—RINIE B AR R TR 5t S
U AT T LA s A Rl 1) ) AN 8 S R R A
T TR 5 T () AN S R R AR SR
{5 TR AT A S8 AN B0 S R 2 A5 7R B 4 1 AN 545
LS LA ) B RR P 0 AR (1085 4 P AE AN (]
7 i N AT R 7 BLAE FURE A SCHR B A
Job-shop i 1) R 2B AT TR, Bk 1 BRI 45
W, JFHE— b R Tz R C AT & SN E I
JERERL KI5

AR SCHE TR JE ) L A AR e R AR
FAt AL U AR E PO —FEmT LUHE 23117
S A A P LA AN S B AR TR o — BB
SCE (B BB FR A2, JCRE A 73 AR ST S 1
R FERE R ] URAT S i S RO AN S 2 )
O A

References

1 Herroelen W, Leus R. Project scheduling under uncertainty:
survey and research potentials. European Journal of Oper-
ational Research, 2005, 165(2): 289—306

2 Kouvelis P, Yu D. Robust Discrete Optimization and Its Ap-
plications. Dordrecht: Kluwer Academic Publishers, 1997

3 Wang J. A fuzzy project scheduling approach to minimize
schedule risk for product development. Fuzzy Sets and Sys-
tems, 2002, 127(2): 99—116

4 Yamashita D S, Armentano V A, Laguna M. Robust opti-
mization models for project scheduling with resource avail-
ability cost. Journal of Scheduling, 2007, 10(1): 67—76

5 Assavapokee T, Realff M J, Ammons J C, Hong I H. Scenario
relaxation algorithm for finite scenario-based min-max re-
gret and min-max relative regret robust optimization. Com-
puters and Operations Research, 2008, 35(6): 2093—2102

6 Murvey J M, Vanderbei R J, Zenios SA. Robust opti-
mization of large-scale systems. Operations Research, 1995,
43(2): 264—281

7 Pinedo M. Minimizing the expected makespan in stochastic
flow shops. Operations Research, 1982, 30(1): 148—162

8 Daniels R L, Kouvelis P. Robust scheduling to hedge
against processing time uncertainty in single-stage produc-
tion. Management Science, 1995, 41(2): 363—376

9 Kouvelis P, Daniels R L, Vairaktarakis G. Robust schedul-
ing of a two-machine flow shop with uncertain processing
times. IIE Transactions, 2000, 32(5): 421—432

10 Fisher H, Thompson G L. Probabilistic-learning combina-
tions of local job-shop scheduling rules. Industrial Schedul-
ing. New Jersey: Prentice-Hall, 1963. 225—251

11 Wang Ling. Shop Scheduling with Genetic Algorithms. Bei-
jing: Tsinghua University Press, 2003. 158—162
(. Z Iy e 2o Hoit A 5100 b ot: W # K% AL, 2003.
158—162)

12 Wang L, Zheng D Z. An effective hybrid optimization strat-
egy for job-shop scheduling problems. Computers and Op-
erations Research, 2001, 28(6): 585—596

F ok BERFHIE TR A
W%, TEETUT 0 h BRI,
TR B HAA. ASGEAFES.
E-mail: susanbwang@shu.edu.cn
(WANG Bing
School of Mechatronic Engineering and
Automation, Shanghai University. Her
research interest covers robust schedul-
ing, equipment replacement, and discrete optimization.
Corresponding author of this paper.)

Professor at the

FEBETC AR AL TR
R B 0 B S = 2 0 e D B T R 2 e
FER . BE-mail: dpsyxf@163.com

(YANG Xiao-Fei Master student
at the School of Mechanical Electri-
cal Engineering, Shandong University
at Weihai. Her main research interest
is robust production scheduling.)

FIOr  BEREIE TR Ay
(A2 ) ST NN o R 537 v e
LR AR, ST Bk
P EE . E-mail: qylee@shu.edu.cn

(LI Qiao-Yun Ph.D. candidate at
the School of Mechatronic Engineering
and Automation, Shanghai University,
engineer at the School of Mechanical
Electrical Engineering, Shandong University at Weihai.
Her main research interest is robust production schedul-

ing.)



