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A Study on Combinatorial Dispatching Decision of Hybrid Flow
Shop : Application to Printed Circuit Board Process

Sungwook Yoon - Daehoon Ko - Jihyun Kim -« Sukjae Jeong
Business School, Kwangwoon University

Dispatching rule plays an important role in a hybrid flow shop. Finding the appropriate dispatching rule becomes
more challenging when there are multiple criteria, uncertain demands, and dynamic manufacturing environment.
Using a single dispatching rule for the whole shop or a set of rules based on a single criterion is not sufficient.
Therefore, a multi-criteria decision making technique using ‘the order preference by similarity to ideal solution’
(TOPSIS) and ‘analytic hierarchy process’ (AHP) is presented. The proposed technique is aimed to find the most
suitable set of dispatching rules under different manufacturing scenarios. A simulation based case study on a PCB
manufacturing process is presented to illustrate the procedure and effectiveness of the proposed methodology.
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LA & )& AT AL, o2 A Eol FLD 71ANA A2
Holof & Z-¢olls YA Xi%i(Buffer)ﬁW w72 &g

T3 B E-F A (Hybrid Flow Shop)2 n/ll¢] ZY o2 FAHE 3 s234e ;qao o} & ZYSo AN} 2L I AE E
Tuol AEE mAY FHAA AelH e durH AxIE Ao A& 7] wj &)},
o|T(Brah et al,, 1999). £F EEFH I SFTA < TH A= ]Eiﬂ E’:J X E%’..;Qg] AT AES R A2 A,
FEArlES ot et 22 5SS EF SETAHOE Fo] MEA, 2HAY T 2E AFFHE Az A
AolstaL ol - Yo 2H F 84S 2H=Th(Jayamohan and Rajendran,
1) &4 9} 7§ mo] 20] ] of oF & THm >2). 2000). YRHH o5 E9 ZEFAHAM AHEEE A &
2) AYEA L&A ol 7IAM)E A Aok Ft2 & A YA E(First in First Out : FIFO) F 2 ©] Th(Black-
3) AL mY AAFA S BT ARstodoF ok &, 5 stone er al., 1982; Pinedo, 1995). 1E Y} T4 ult Aol 3 &%
d 2ol &N A=Y AYTHE AfrotA Fote )l B4 D F89 EF4A o DU HEHE FHL &
A3 £4% ZHAA 95 AT 5 gt g 2244 ?:_}"6"
AP o' )} 3) s BEdte A F-E 5FA4,1),2),3) = THY 2EES A= 7/\01 Az719e ddd A AARE 55
BF BESE A5 & se3Aog Yt £ 5 sk d 849 WAoo g E853 YTh(Fanti ef al., 1998;
S5 gAY 7AE Ao & o] A (=, MRS Laforge and Barman, 1989; Petroni and Rizzi, 2002; Rajendran and
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Holthaus, 1999; Salvador, 1973).

B2 ATl A Q‘jﬁb—‘l 23 ke vl 4 A7 2
A& E 3 9t} o E £, Chan and Chung(2004)9] A+& #
A ABAYR s5EA Y ‘3“7‘]”}70] TAE R 2 7HA

dFAFH ZAHAS dueEs vudt of AFdAE
Makespan(C, .. ), Flow Time(Y C)),
Total Tardiness( Y | 7}), Tardy Job( Y, 0/)2] A & 3t-& vl
e FEHE YA, £ SEFHTANA TFHE S A&
st 2ol 9] Qe AHE HAEFE A A g th(Braman, 1997;
Cha and jung, 2003; Chen et al., 1996; Kim et al., 1997).

hH, 29 SEFA AN Y dEFA S v ATEE A

H 21, Botta-Genoulaz(2000)= A %F¥ FSMP(Flow Shop with

multiple processor) ol A A 744 o] St A S & vl sk A
TE 53 SPT(Shortest Process Time)7F 2] ©] & F& A g A7t
3 Hit Aol 2 B9 A4 BA 2 ARE BYS
FHeAT £3 349 BT o o FIFO 30 &
th Abol 2 B ZaA7leE AR Y-S W Wt Sarper
and Henry(1996)= #¢lo] 5408 st £ 5534
o Al MDD(modified due date)2} SPTL(Shortest processing time
local)o] Htf B 3 Ato] 2 B}Y) 18l Bt {7 A A ARt
A o2 A ET 22 4747} YFES HH T Holthaus
(1999)= 524 ¢l &5 37 (Dynamic Flowshop)ll 4] SPT 72 ©]
B Aol F BYA £ AHE EAAT B A A
/\] 7]— e] /\]-[;H o7 ]
HIZNA & 35F
o]

Maximum Lateness(Z

max )7

£ ke A8 1 v gl
AAA gt 45< Hlaste
L3 YA FE AFolA = @
o It S 7wl ATE XE EP AL 7} B St 2.1 (Black-
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Figure 1. Research procedure
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Figure 2. PCB manufacturing process of K company
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o] 4719 FF
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o]
e

<Figue 5% 2 24 5252 7440 8520 B E 1ol ;};
Table 1. Processing and setup time by each process
74 L R Kl
AS2A FHIAZE | ARV dis Al 3 E AIRHIE~3E)
- AJAT | (FFF D FF)UFE SR
Ws3s4 ZAAAZE | Aol ME Zo] : 3m, AWo]o] £ : Im/min
Arols 24 49 A 71 j‘zz zo;ﬂ:g ;5;,107?45/\1 T 9R~15(size] wet Ho 158,
e FHAZE | 1A AA, JE 25 D A TH AR 208258
mee AATE | UV B EA A 25%, AZRAT : 2AZSAZHBEY sized] ThEk AU 547
DES &4 ZAGAZE | ZAdlolol ME Zo] : 3m, ZAW]o] £X : Im/min
. FHAZE | AAATE 489S A Oﬂ 5'—?‘33}5 A 7H25%~30%)
7telE & 3
ZAGATE | 3 BAEY Y-S EE A28
ANZA FHAZE | J2F AFH Z2IH AHE 3= AL '
ZAAAZE | FEAA AL SEMSEERY BEFE(E Al Tt Ad 458)
T &4 ZAYAIZE | 5E~10E
SAkelE & ZAAZE | Aol WE Zo] : 3m, AW|o]o] £ : Im/min
13 A% 34 ZAAZE | WEA S} prepregE B AR 1SE-30E (T F49k FAO wEk o 308)
22k A% 34 A | TR AURES AE AT 10E~5E@EY %—T% FA wel Hd 30E)
FHAZE | ke Bl g AT 3R
zH 2 FH
ZAAAZE | FAIZE  1208~250% (prepreg F Ol Wk Hdl 250+)
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Table 2. Demand data

A9 - AR

No. | ¥4 73 @714 Prepreg & iR A | s8¢ | 37 | £FF | UWFed A | EF
1 382x325 34 79 DS, LG(7408) 6 3 12 0.45 35 35 15000
2 241%628 39 7¢ EMC PP H 8 3 12 0.5 73 70 9000
3 490x216 348 7¢ CL A% H 16 4 18 0.3 17 70 6000
4 390x344 4 13¢ PPE AA H 16 5 12 0.5 127 70 17000
5 222%229 39 12¢ P.P.E A 12 4 36 0.5 94 70 12000
6 499x297 3¢ 15¢ P.P.E A H 20 32 15 0.2 75 70 7000
46 428x594 44 3¢ DS, LG(7408) 16 5 6 0.5 93 70 13000
47 631x548 44 34 RCC H 16 3 4 0.25 69 70 8000
48 474x568 49 6¥ FPC 22 5 6 0.35 88 70 12000
49 628x493 44 64 g2Aze] PP H 8 3.2 6 0.2 24 70 6000
50 351%210 44 7¢ g2z PP H 18 5 28 0.25 17 70 8000
51 405x639 44 8Y Bending 18 6 0.2 58 70 14000
63 223%586 5¢ 16¢ HI-TG A 10 5 12 0.5 93 70 7000
64 305x229 549 204 HI-TG H 12 5 24 0.5 130 70 7000
65 552x293 5€21¢ HI-TG A 16 4 10 0.2 7 70 12000
66 618x542 59214 3.2t o4 12 3 4 0.45 12 70 11000
67 225x287 59 214 UnFEdT) A 8 3 30 0.35 77 70 12000
68 417x638 549 259 Auk(FEd) H 10 4 6 0.3 132 70 6000
4. N B o) BA 2 3RRG 308 34 Bahgo] A ZHH BHEF
Aoz AR
4.1 A EF oA ZE
A 27| we) FHEL W] AEHY RS TF 43I IARN G AEA

e
b AEY oA 2L Arena | mﬂAﬂ?rﬂ%_ﬁmn
34 EAL FAAN, 2) A AzE, ()l 7HA 4
HAE 24 5 A HAE T8 242 hFTheM-plant
User’s Manual Version 5.5, 2001).
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Figure 3. Lead factor by each process

LYFH 2YL W7 93 AAA A B AFAE BF
ENCEER 2IAZNA ] 714 434 5o J&
she] AHP 2 NS, HERAE HFOE 4 ()
g 4 g3ho] 4 94 o T 45 L <Table 3>
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Table 3. AHP results

Byl AA FE O ANEF w7
AN AGAE  AZAT EFFE
B
AeIA 1 0.5 2 0.5
A FE
A2 A7k 2 1 2 0.5
NEFE
A A 0.5 0.5 1 0.5
b
s 2 2 2 1
7}EA 0.20 0.28 0.14 0.38
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A=A o B LBA H7F 0] 0.0406 22 IR .2 (.19] A g TOPSIS 4 (3)° o} ) A7tk & Ftol <Table 6>
shof g2 ARSI FEo2 dA e Mo ALT W, o Yehd ATk <Table 7> TOPSIS S| A4 3Hd ghol AHP &
AHP &4 o] 84S 7H & o H] gt AoAA A 7tsA & Ak, 28 A=l A2 4
FHAAAARE 2GS 2AE BT A0
44 W EFZR Y A MR B2 43 F2 o
Table 6. Normalization value of performances
E—?ﬂ M 3l %-Tﬂ' iE%( >9l 71 ] =2 = =z D>
B ?%ﬂ 129 2 5t ﬁoa Table 4>9} 2T} FIFO ggnyg | B4 FE [ FE[ 3] | W
£ Zoeto] T 7Y S s ZEaglon, o A7 AZYAZE | YA | AFGAND | EFFE
ANz agd FHo g44L o] Q %— H} 1 Th(Blackstone et FIFO 0.3609 0.2920 04196 | 0.2990
al., 1982; Grabot and Geneste, 1994). EDD 0.3507 0.3525 0.1608 0.3867
SPT/TWK 0.3592 0.3166 0.3007 0.3428
Table 4. Dispatching rules used in this study SPT/TWKR | 0.3527 0.3289 0.3217 0.3560
EESSEE EEpe LPT/TWK | 03508 | 04072 | 03846 | 03516
FIFO 718 94 =23 49 2A SLACK | 03509 | 03960 | 04545 | 0.3604
EDD  W7%o] 7H wmE el CR 03512 | 03512 | 03636 | 03516
1HFY T AQANTE A
SPT/TWK iEjF SR e A : izati
FTAARLE UiE Hlgo] 7HE AL A Table 7. The combined results between the normalization value
SPT/TWKR _:_VE% = 49 ‘_—/tfi’;] s 7o . of TOPSIS and the relative weights of AHP
FTRARCE UE Hlgo] 7P AL A - -
oo | A FE | A FE | BddT] g1
THFU A 284 AA A | A | oA | Aeazr | =g
LPT/TWK A | AYALE | ADARL | EFE
FTAANCE UiE HEo| 7 2 &4
T2 e FA A TS W o] FIFO 0.1011 0.0409 0.0839 0.1136
=] =T = = T T
SLACK NG e 2oy A EDD 0.0982 0.0494 0.0322 0.1470
G774 Yol Q= AZre zh] SPT/TWK 0.1006 0.0443 0.0601 0.1303
CRO mgztos ue go] 718 AL 24 SPT/TWKR | 0.0988 | 0.0461 | 0.0643 | 0.1353
LPT/TWK 0.0982 0.0570 0.0769 0.1336
A8 et s HEZAS A 9)e Un R LA S o3 SLACK 0.0983 0.0555 0.0909 0.1370
A FIFO 73S 4887, 2T B AT 185 o] CR 0.0984 0.0556 0.0727 0.1336
A ok 37 TS Agde] A7) 43 e 2399
o} & 2499 AL A3 5193, <Table 5>= =3 ZA | A Table 8. The relative euclidean distance for the result of table 6
of 9% 74 WAol e AFAE 450 P 298 R wung | & i a | 9
FI AT LR PHOE, A 4240 A5E YriA HE FIFO 0.04104 | 001613 | 02822 7
FAEL A, 134 AF FAA UM E TS AHE 59 EDD 0.02923 | 0.06210 0.6800 2
shATh 7 WEEAG M ¢ 9 FFFAS FF 0 sprTWK | 001721 | 003168 | 06479 3
871 S13ted <Table 5> 583k WIROR TOPSIS = spyTWKR | 001347 | 003126 | 0.6989 1
oj &3t LPT/TWK | 002684 | 0.02135 | 04430 5
SLACK 0.03549 | 0.02455 | 0.4089 6
Table 5. Performance value according to the dispatching rule CR 002351 | 002310 0.4956 4

changes in expose process

ggqx |V FE| AL FE ) BEWT] 6]
AZYAZE | AGAE | ADAE | EFFE

FIFO 78.9 6.50 6.0 63%
EDD 76.7 7.85 23 81%
SPT/TWK | 785 7.05 43 72%
LPT/TWK | 771 7.33 4.6 74%
SLACK 76.7 9.07 5.5 76%
CR 76.7 8.82 6.5 74%

ekt A ke %“—%3}3_, Xdiﬂ T HEIAVJ 7H%i
FE AYARE B7IAGARE §7] EFE] A o)A o
HE )T FBA K E )< FZHTH0.0982, 0.0409, 0.0322,
0.1470 : 0.1011, 0.0570, 0.0909, 0.1136). ©] #E-2 <Table 8>3}
7101 FEYUG AGSAEE o] &ato] o] 44 Tk 1A
A itate] AelE 45, o] & wg o R 7 HEEA
A9 #2995 AR AFHE <Table 9>l A RS

do 2
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Table 9. Priority decision of dispatching rules by each bottleneck process
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<4
34
1 2 3 4 5
A4 EDD LPT/TWK SPT/TWKR CR SPT/TWK
e SPT/TWKR EDD SPT/TWK CR LPT/TWK
IST A% 34 SLACK SPT/TWK EDD LPT/TWK FIFO
Table 10. Performance results according to the combination of dispatching rules by each bottleneck process
o P2 34 A 32| AN FR | AEE) | W TOPSIS
AtZA =33 143 34 | AFYAL | AZGAR | AN | EFE a5
1 EDD SPT/TWKR SLACK 77.14 7.77 7.89 0.70 0.9190
2 EDD SPT/TWKR SPT/TWK 77.21 7.84 7.93 0.69 0.9069
3 EDD SPT/TWKR EDD 77.28 791 7.97 0.70 0.9145
4 EDD EDD SLACK 77.49 7.60 9.12 0.74 0.8595
5 EDD EDD SPT/TWK 71.55 7.67 9.16 0.75 0.8581
6 EDD EDD EDD 77.62 7.73 9.20 0.74 0.8512
7 EDD SPT/TWK SLACK 76.87 7.90 17.07 0.79 0.0991
8 EDD SPT/TWK SPT/TWK 76.94 7.97 17.11 0.79 0.1009
9 EDD SPT/TWK EDD 77.00 8.04 17.15 0.79 0.1005
10 LPT/TWKR SPT/TWKR SLACK 77.14 7.96 9.12 0.71 0.8487
11 LPT/TWKR SPT/TWKR SPT/TWK 77.21 8.03 9.16 0.68 0.8296
12 LPT/TWKR SPT/TWKR EDD 77.28 8.10 9.20 0.70 0.8356
13 LPT/TWKR EDD SLACK 78.57 7.23 8.32 0.71 0.9129
14 LPT/TWKR EDD SPT/TWK 78.64 7.30 8.36 0.71 0.9084
15 LPT/TWKR EDD EDD 78.71 7.37 8.40 0.71 0.9060
16 LPT/TWKR SPT/TWK SLACK 76.93 7.90 17.07 0.79 0.0991
17 LPT/TWKR SPT/TWK SPT/TWK 77.00 7.97 17.11 0.78 0.0926
18 LPT/TWKR SPT/TWK EDD 77.07 8.04 17.15 0.78 0.0922
19 SPT/TWKR SPT/TWKR SLACK 76.93 7.66 8.53 0.73 0.9104
20 SPT/TWKR SPT/TWKR SPT/TWK 77.00 7.73 8.57 0.74 0.9117
21 SPT/TWKR SPT/TWKR EDD 77.07 7.80 8.61 0.73 0.9028
22 SPT/TWKR EDD SLACK 78.57 7.22 8.30 0.71 0.9140
23 SPT/TWKR EDD SPT/TWK 78.64 7.29 8.34 0.69 0.8942
24 SPT/TWKR EDD EDD 78.71 7.35 8.38 0.68 0.8846
25 SPT/TWKR SPT/TWK SLACK 76.86 7.89 16.99 0.79 0.1007
26 SPT/TWKR SPT/TWK SPT/TWK 76.93 7.95 17.03 0.78 0.0940
27 SPT/TWKR SPT/TWK EDD 77.00 8.02 17.07 0.78 0.0932
I QT <Table 10> 2 B EFAEY 430 93T 349 ¢HEMELE A4S HHES F2319 ZEF
B AH5Y 28 Fo ARAE L TOPSIS 5 AAE ) o FITH 2¢ ARG 2709 2F¢ 4
HojFa 9l SR, o] 2FE FAAM M HAY A f%éﬁ—% A4
317] 9ske] oAl W 3 Exko] TOPSIS HHE S A &3tk 1
15 9973 29498 ij <Table 10>l A] L}EM H}9} Zho] H FA(EDD)- ff
34 (SPT-TWKR)-13+4 3 34 (SLACK)<] Z§o] 7H £&
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Table 11. Comparison results when applying the single dispatching rule and the combination of dispatching rules in bottleneck

process
Gana A e e e 7] 7]
A g A7t A2 A3 A AT FrE&
FIFO 69.0 6.7 18.0 79%
EDD 76.7 8.7 15.2 79%
" SPT/TWK 78.6 7.2 13.9 1%
;% SPT/TWKR 77.1 7.7 8.5 73%
LPT/TWK 76.7 9.6 14.2 1%
SLACK 76.8 9.2 15.8 75%
CR 76.8 9.3 15.7 75%
47 EDD-SPT/TWKR-SLACK 771 7.8 7.9 70%
}_% EDD-SPT/TWKR-EDD 71.3 7.9 8.0 70%
SPT/TWKR-EDD-SLACK 78.6 7.2 8.3 1%
Table 12. Comparison results of normalized values reflecting the weights of performances
v AT e 2] | ans
A g A7t A2 A3 A AN FrE&
FIFO 0.08465 0.07983 0.03620 0.10173 1.9726
EDD 0.07113 0.08877 0.04699 0.10149 2.0384
=) SPT/TWK 0.06504 0.09090 0.03906 0.09194 2.1209
=% SPT/TWKR 0.06287 0.08926 0.04147 0.09433 2.0523
LPT/TWK 0.06663 0.08879 0.05190 0.09194 2.2548
SLACK 0.07395 0.08890 0.05004 0.09672 2.2010
CR 0.07347 0.08890 0.05012 0.09672 2.1969
- EDD-SPT/TWKR-SLACK 0.03704 0.08926 0.04206 0.09075 1.8552
}_%L EDD-SPT/TWKR-EDD 0.03740 0.08942 0.04280 0.09027 1.8789
SPT/TWKR-EDD-SLACK 0.03896 0.09091 0.03906 0.09194 1.8374




271254 T
& W A A5

|->~I
_\“i
>
N
=~
a
<
o
@
e
'B
LY
)
el
n‘L
)
N

cm d Yol & vEel A7Rde o Be
6‘]—04 F2 230 AZA AT TRG IEF
o Mu #3902 B77H 28 Aol EAHe

ojo m

[¢]

%

Arbel, A. (1989), Approximate articulation of preference and priority der-
ivation, European Journal of Operational Research, 43(3), 314-326.

Arbel, A. and Vargas, L. G. (1999), Preference simulation and perform-
ance programming : robustness issues in priority derivation, Euro-
pean Journal of Operational Research, 43,200-209.

Arnold, J. R. T. (1992), Introduction to Materials Management, Prentice
Hall, New Jersey.

Banae Costa, C. A., Vansnick, J. C., and Vansnick (1999), The MAC
BETH approach : basic ideas, software and application, N. Meskens,
M. Roubens (Eds.), Advances in Decision Analysis, Kluwer Academic
Publishers, Dordrecht, 131-157.

Bareet, R. T. and Barman, S. (1986), A SLAMII simulation study of a
simplified flow shop, Simulation, 47(5), 181-189.

Blackstone, J. H. Phillips, D. T., and Hogg, G. L. (1982), A state of art sur-
vey of dispatching rules for manufacturing job shop operation,
International journal of production research, 20(1), 27-45.

Botta-Genoulaz, V. (2000), Hybrid flow shop scheduling with prece-
dence constrains and time lags to minimize maximum lateness,
International journal of production economics, 64(1~3), 101-111.

Braglia, M. and Petroni, A. (1999), Data envelopment analysis for dis-
patching rule section, production planning and control, 10(5), 454-
461.

Brah, S. A. and Loo, L. L. (1999), Heuristics for scheduling in a flow shop
with multiple processors, European Journal of Operational Research,
113, 113-122.

Braman, S. (1997), Simple priority rule combinations : an approach to
improve both flow time and tardiness, International journal of pro-
duction research, 25, 2857-2870.

Cha, Y. and Jung, M. (2003), Satisfaction assessment of multi-objective
schedules using neural fuzzy methodology, International journal of
production research, 41, 1831-1849.

Chan, F. T. S. and Chung, S. H. (2004), A multi-criterion genetic algo-
rithm for order distribution in a demand driven supply chain, Interna-
tional Journal of Computer Integrated Manufacturing, 17, 339-351.

Chang, Y. L., Sueyoshi, T., and Sullivan, R. S. (1996), Ranking dispatch-
ing rules by data envelopment analysis in a job shop environment, //E
Transactions, 28, 631-642.

Chen, L. H. and Chen, Y. H. (1996), A design procedure for robust job
shop manufacturing system under a constraint using computer simu-
lation experiments, Computers and Industrial Engineering, 30, 1-12.

eM-plant User’s Manual Version 5.5 (2001), Tecnomatix Technologies,
Stuttgart, Germany.

A

EEE

ExpertFit® User’s Guide (1998), Averill M. Law and Associates, Tuc-
son, AZ.

Fanti, M. P., Maione, B., Naso, D., and Turchiano, B. (1998), Genetic
multi-criteria approach to flexible line scheduling, International
Journal of Approximate Reasoning, 19, 5-21.

Grabot, B. and Geneste, L. (1994), Dispatching rules in scheduling : a fuz-
zy approach, International journal of production research, 32,
903-915.

Greco, S., Matarazzo, B., and Slowinski, R. (2002), Rough set method-
ology for sorting problems in presence of multiple attributes and cri-
teria, European Journal of Operational Research, 138, 247-259.

Harris, J. M. and Roesch, E. B. (2001), US Passive Component Supplier,
UBS Warburg LLC, New York.

Holthaus, O. (1999), Scheduling in job shops with machine breakdowns
: an experimental study, Computers and Industrial Engineering, 36,
137-162.

Hwang, C. L. and Yoon, K. P. (1981), Multiple Attribute Decision
Making : Methods and Applications, Springer-Verlag, New York.
Jayamohan, M. S. and Rajendran, C. (2000), A comparative analysis of
two different approaches to scheduling in flexible flow shops,

Production Planning and Control, 11, 572-580.

Kim, S.J.,Kim, K. S., and Jang, H. (2003), Optimization of manufactur-
ing parameters for a brake lining using Taguchi method, Journal of
Materrials Processing Technology, 136, 202-208.

Kim, G., Park, C. K., and Yoon, P. (1997), Identifying investment oppor-
tunities for advanced manufacturing system with comparative-in-
tegrated performance Measurement, International Journal of Pro-
duction Economics, 50, 23-33.

Kwong, C. K. and Bai, H. (2003), Determining the importance weights
for the customer requirements in QFD using fuzzy AHP with an extent
analysis approach, IIE Transactions, 35, 619-626.

LaForge, R. L. and Barman, S. (1989), Performance of simple priority
rule combinations in a flow dominant shop, Production and Inventory
Management Journal, 30, 1-4.

Petroni, A. and Rizzi, A. (2002), A fuzzy logic based methodology to rank
shop floor dispatching rules, International Journal of Production
Economics, 76, 99-108.

Phadke, M. S. (1989), Quality Engineering Using Robust Design,
Prentice Hall, London.

Pinedo, M. (1995), Scheduling : Theory, Algorithms and Systems, Pren-
tice Hall, New Jersey.

Rajendran, C. and Holthaus, O. (1999), A comparative study of dispatch-
ing rules in dynamic flowshops and jobshops, European Journal of
Operation Research, 116, 156-170.

Saaty, T. L. (1980), The Analytic Hierarchy Process : Planning, Priority
Setting, Resource Allocation, McGraw-Hill, New York.

Saaty, T. L. and Vargas, L. G. (1987), Uncertainty and rank order in the
Analytic Hierarchy Process, European Journal of Operation Re-
search,32,107-117.

Salvador, M. S. (1973), 4 solution to a special case of flow-shop schedul-
ing problem,in : S. E. EImaghraby (Ed.), Symposium of the Theory of
Scheduling and Applications, Springer-Verlag, New York, 83-91.

Santos, D. L., Hunsucker, J. L., and Deal, D. E. (1996), An evaluation of
sequencing heuristics in flow shops with multiple processors, Compu-
ters and Industrial Engineering, 30, 681-692.

Sarper, H. and Heny, M. C. (1996), Combinatorial evaluation of six dis-
patching rules in a dynamic two-machine flow shop, Omega, 24,
73-81.

Song, Q. and Jamalipour, A. (2005), Network selection in an integrated



k)

=F =34

wireless LAN and UMTS environment using mathematical modeling
and computing techniques, [EEE Wireless Communications, 12,
42-48.

Sugihara, K., Ishii, H., and Tanaka, H. (2004), Interval priorities in AHP
by interval regression analysis, European Journal of Operation
Research, 158, 745-754.

TORA version 2.0 provided by H. Taha (1997), Operations Research,
sixth edition, Prentice Hall, New Jersey.

Wild, R. H. and Pignatiello Jr., T. T. (1991), An experimental design strat-
egy for designing robust systems using discrete-event simulation,
Simulation, 57, 358-368.

Yang, T. and Chou, P. (2005), Solving a multiresponse simulation-opti-
mization problem with discrete variables using a multiple-attribute
decision-making method, Mathematics and Computers in Simulation,
68, 9-21.

Yang, T., Chen, M. C., and Hung, C. C. (2007), Multiple attribute deci-

LR EES Y

kAT 19

r-l

sion-making methods for the dynamic operator allocation problem,
Mathematics and Computers in Simulation, 73, 285-299.

Yang, T., Kuo, Y., and Chang, I. (2004), Tabu-search simulation opti-
mization approach for flow-shop scheduling with multiple process-
ors-a case study, International Journal of Production Research, 42,
4015-4030.

Yang, T., Kuo, Y., and Cho, C. (2007), A genetic algorithms simulation
approach for the multi-criteria combinatorial dispatching decision
problem, European Journal of Operation Research, 176, 1859-1873.

Yang, T., Lee, R. S., and Hsieh, C. (2003), Solving a process engineer’s
manpower-planning problem using analytic hierarchy process,
Production Planning and Control, 14, 266-272.

Yurdakul, M. and IC,Y. T. (2005), Development of a performance meas-
urement model for manufacturing companies using the AHP and
TOPSIS approaches, International Journal of Production Research,
43,4609-4641.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


