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Abstract

TFT-LCD has become an important industry in Taiwan. In the new
product/process introduction (NPI) stages, the process yield is usually low and
behaves in a stochastic manner. Due to volatile market demand, NPI appear constantly.
Developing manufacturing management techniques for NPI in TFT-LCD industry is
thus very important. Yet, rare literature has addressed such research issues. We
therefore carried out a 3-year research project to address the manufacturing
management issues in a low-yield TFT-LCD scenario. We focused on three research
topics in NPI scenarios: (1) TFT/CF plate rework decision, (2) TFT/CF plate
mapping/sorting decision, and (3) product mix/releasing decisions. The research
results yield four patents, three granted by Taiwan, ROC; and one granted by South
Korea. These patented techniques would help enhancing the productivity of Taiwan
TFT-LCD industry.

Research problems and results of the first topic (TFT/CF plate rework decision)
are briefly described below. For a TFT-LCD factory in a low-yield scenario, we need
to determine whether a low-yield TFT-Plate/CF-plate should be reworked or proceed
for further processing. We develop a mathematical model for computing the profit
given a portfolio of rework decisions, and use a genetic algorithm to find an optimal
portfolio rework decisions in order to maximize the total profit. The developed
method has been granted a patent by Taiwan, ROC.

Research problems and results of the second topic (plate matching and sorter
scheduling) are briefly described below. TFT-Plates and CF-Plates are both
manufactured in batches. Each batch may include various qualities of plates. To make
an optimal pairing match among TFT-Plate and CF-Plate batches, the plates in the
batches should be sorted (or plates are exchanged among batches). This leads two
decisions: plate sorting, and scheduling of sorter. We develop a dynamic programming
model to solve the two decisions, which has received two patents, one granted by
Taiwan, ROC and the other by South Korea.

Research problems and results of the third topic (product mix/releasing decisions)
are briefly described below. Based on the developed methods of the first two issues,
we can compute the profit for a particular product mix and releasing portfolio. Based
on a meta-heuristic algorithm, we can find a near-optimal product mix and releasing
portfolio. On examining this issue, we unexpectedly develop a meta-heuristic
algorithm for solving the scheduling of a heterogeneous project, which has also
received a patent granted by Taiwan, ROC.

Keywords: Low vyield scenario, TFT-LCD, rework, plate mapping/sorting, product
mix, lot release
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o
I
il

AFEL£1 AR

3.1 =618
AT % H 8 7 B (Thin Film Transistor Liquid Crystal Display » TFT-LCD) &
FoARANMIET LS ABEAR ¥ - BRG] (Aray) W AR 2 44 pk

% (Color Filter> i CF)® A2 % = FFEL 5 22 (Cel) A2 % = FAE 5 2 “_E_(Module)
Az o Array Azagin X HA Az > 2 & GIFEET & A (TFT plate) -
ﬂﬂmiﬂﬁ%ﬁﬁ%Hiﬁﬁmey1@>@éﬁ;éCﬂﬂﬁM—@Q’
A dy % TFT-LCD e enfliF - £ %0 TFT-LCD A4 3l & e B
TFT-LCD # 1~ (panel) » # 75 /5 d Module %2 #-58 & 48 T B4 ~ & ke 7]
m%i’%*¢prTquﬁm@mo

ﬁ%mAmyﬂﬁwﬁwm@wmmWéﬁxmﬁFﬁﬁwﬁwm» %
A ALK AR AT ML KB HERETERT ASF LR
F TR e o *Amwﬂﬁ£CFﬁﬁﬂ’—%@%%%ﬁmﬁ»iﬁfﬁﬁﬁ
2 0 &R 5B 5 i 41 17 % (operation) 0 F) 5 B AZ 2 F (process yield)eR K2
wu—@é%wsgm*%mﬁ@&%§£“ﬁmoh& BAET2HS 0
B HERLFETL po RIAFEI e 2 240 el BHEKS-E np
%’+%é§%@iﬁn%%%aﬁﬁio

A g o g - AR cnpFi > HEARRF LA ERE 0 AT
TFT-LCD fi § & Array A2 %2 CF @WARFFEC Y > 3 R (v £ 2 0% ¥ ¢ B4k Pl
2o 37 % - P AEE(threshold) @ &gk 4x b 1 e 7 Wi g 4F e o k-
g%{??%ﬁﬁl’E*Wﬁﬁﬁﬁﬁ?%ﬁﬁ%T—ﬁ$%1:F JE~SEN
%“F'“ﬁ;fﬁ R o d B RAF AL R AFE R AR o T 2D AR A A LG

(rework)%&,ﬁ Bip A e BT N 3 “Ta,»rm.g £ EATE T R ELE AR
l&-ﬁ§j4\~_1 o

ot T T PR 0 4 )’j'%{%zrf 37 E 1 4K (rework rule) » €_p % TFT-LCD
RER & Ten— BAKFIE e FPHEE TS Ko BRIV GRS A5 84
4t74m4\'m1§§§ iﬁgﬁcﬂ{,_mv feo R B EE F g F BED AR
oM e o B oG cnl e 2 A w%ﬁ$’£&%ﬁWFmDaﬁ%
2 EE KA m%ﬁ:[%&m SR S REIARAF L REDOEFT RS FPEE
Lm« B BELE G H 4 & AL ¥ S TFT-LCD & *F%“r-rﬁ B AR A
B NEE R B e BEE Y A i S € R Ty ok I
e R B s ApEECS > AT G ¢ ERECE TRT-LCD  # eh% & S8 &
B RS E e _r]p TFT-LCD B F AR g ¥ A 22 His gl &
#Eg Bofrdrte A Array 2 CF @l ABIA P > v 4 piplsbadk 3 £ 1 4% >
A_TFT-LCD Fudp § £ & cnf* 3F -

], ¥

R [\ T

mw“@g,—‘l\-r‘:gﬁ

w3 & TFT-LCD A ¥ 2@ 33 57 B a8 2 A48 Y AR 4T 2 £ 4
# TFT-LCD RushE 1 PHEE A R AL i chB e ot > i3 A ik % &
Row ARG ApM 7 3 o 5 e TRT-LCD A £ 1 74 5 v LR 8 5



HIR, i Y ~FPHEF A /2 E1 AR 2 REER - A1 iFE A
(6 BAE e Z NG F BRSO R G - T 0w o3 #}»”T— e
I EESFL S P2 PEFEL o ENEI AT o N2 1 ERE R
R TR T e B N AP _azjﬁ’rgﬁ &g, P o2t +;rr,1;4g & Euen
BLEE R TR T AR A R BB - iEenE 1 A o

3.2 K &4 i

RApt dem g fods > 273 3 B F B TFT-LCD 2 A7RAR® ¢ FfE i
& Az gt ﬁ%ﬂ g & 5T B B A & b Array WA2E CF @WARIF &7
LRk ekt £ 1 R > @ TFT-LCD Buergefld & v o

Array
gl [P g2 || i Em
| Cell
N CF | | e

gl > wEe (| wEk

v , ' ;
4 R A S REEAE & % & Cell #2431+
i# TFT-LCD A& o| Array 2 CF %Rl | ® iEpEay
T~ S WER n NPER ® AP

A 7 R

B 3.1 A &1 R4t

il 3 15 R Aady atsip - 829 Cell @lfzehi & 41 2™ 5 8h0 (1) R pedd
LHNA Q@ A st 5 Fv & Rpesta F R4 i% 1 TFT A2 CF 4
TAEAF(RFY ¢ 7 e Baa F) g 3258 Cell fAz e 2 12 TFT-LCD
AAE e L F (mapplng y1eld) ¢ » TFT é%}:‘\ E CF &¥ ¥ a4Fe =i »

=%

4 g RBP4 TFT-LCD A4 hfe i L 50 4o §) 3.2 o ' 82 2% 3.2(a)2 3.2(b)
’&_Eiﬁ‘ﬁjﬁmTFTé’EE‘*’ CFéiFm“'_, ko EF L AER EDEE Ao
rgd 2ol FRELFIIE




TET Plate(75%) TET Plate(75%)
(o]0 0|0
0X TET-LCD (75%) OIX TET-LCD (50%)
(o]0 0[O0
CF Plate (75%) | [OIX CF Plate (75%) | [XIX
(o][e) 0|0
olX — X|O] =
] 3.2(a) ] 3.2(b)

=0 Z7KBE:eR aHFE=X> ZTHBIEEI LR

!nhn

B 3.2 TFT 4% CF 4 2 5 B B4t 2 Fwp

BEABMFRIL G Cell WArx (5 € RBoHF T Sl E
&% (grade)  FHARF F 0 P HBRAXR o 5 22 {8 TFT-LCD A et 2
FARFEB R L NE R Yy o W ¥ TFT-LCD A chfie 2 5483 » H 7 24
I %Fﬁfﬁtﬁwpirsw’gri.&mﬁﬁ?é\rs E;‘?%lr'm’ S BETEBRFET AL AB-
C=f%%  Pl4cRI 33 %77 » G K p R LF T5%N4F > %3 09 a5
BWEFRAFEEB S5 A B3k p et F 50% 44 2 5 4 (0.85 el
AR S BB ERA)

TFT-LCD (75%) TFT-LCD (50%)

Q0 Qo
OX XX
\

\

\ 0.9045 F 4 7] 5 A% & \ 0.8545 F 4 7] 5 A% &
0 0.0845 44 5] 5 B4 & 0] 0.07# 4 5] 5 B% &
0.024 % 47 5 C% & 0.0848 4 71 5 C% &

Q%ﬁ' 33 (a) Q%ﬁ' 33

=0 2THBE:LR aE=XET7HPEE P 2E
B 3.3 TFT-LCD & 4% % =4 %

FEERG T SBOER o A5 RRREK Am e S - kE R
oI AFFE 2R FEY A HI FaAd & R ES R F ki
HEIAREL
TFT/CF A5+ 245 & fr Bl fle e ao(y Bk 5 = J0 35 A fie) o
Bk Array/CF @lAg? % &5 H - 535 > RAGFRPBR % ¥ HF o
% B 7)(series type)z. 2 A A 5 0 o
T 1t#Hc e o
Array/CF @Az % #9475 £1 %3 {5 > W *73 TFT/CF A > - 3k

* e o



» Cell Az (7> (FE o

€ Cell WAzmA it <3 Array ®#2 % CF @424 it » ¥ F2 % Array 4%
2 CF@lazsr@lliT2 ir > bvieime> Wi -

€ 5E Cell WAt 7o FXaufs > L8180 Array @WARREE B
Bgdid - B TFT A4 - Py "4 p CF flAsrdicnge & 419 B
- B (FiFeFe ¥, ¥ & ¥ L% Array @awe CF il &
BANEFRE N L GE R ER o

€ Cellfizm 2FR3E > 7o WA  Lumy 2 7%

33ﬁﬁﬁﬁ$

AT i mﬁpf? BT /,,\;;\;bﬂifg_e’%3_9—(Evaluat0r)pp F-gaF
ﬁffg.&@‘f mﬁ‘x, | * - BEEG AT L ASSERE PR - e
1 F’“%i;‘fﬁ_,fé_ﬂ_g"ﬁmf‘%*i,%s— Ll (Searcher)méﬁ?ﬁﬁm T1eg 0 PaItR

RS F1IPHEREEL A PR ieY chidsc - R dhE 1 PR L o

3.3.1 #kE-

Bao- B 3377 LA s BFEE e A u % (1)Array/CF #4%
Fy e (2)Cell ez GWARE L He > Q)6 4 BE L i (A5 2=k e o

Array/CF ﬁiﬁi&—rrﬁ'—”’g W/”E] 1t *"f"f Array %2 CF ﬁlfifb-ﬁx , )/\_E' f%i
LE Fehdel 2 F 1A aEE BN ,;%r*ﬁ/?q@,hﬁ.mﬁmilﬁ_ﬁ\ 18ty
ek s oA WA SRS AFE Y LA N(Aray WARR A N TFT
% 3115 CF @ARIF B A M1 eh CF 6 48) > M 2 3 ﬁéigm&“&ém P A
(% & § 4G 4 B Hent Bl)eA R i o

Cell ' = Fl A28 ¥ fi-ma gt Cell fARrF B9 » 8 (7 e > Pl Ae i ¥ 550
{ﬁ&m@ﬁﬁﬁﬁﬁiﬁiﬁﬁﬂéﬁ BB 5N 4o 02 A 45 0 ¥ Array/CF 4
SRS MERL R Sl O | R &% @ 3F 5 (50 848 a2 TFT-LCD
%Vﬁwzéjiwuiﬁﬁgﬁﬁﬁf Fehh A e

IR Sl RGeS 2 ﬁx*‘m%ﬁq\ ch% o> BB S > 41 Cell &
> AR S et R @ ens et 2 5 2 TFT-LCD A48 2 & D 8cdh > ‘od A0
BEE S RELEae g A HET -

“? {L]pa}»ﬂ_tg q_\;tg_,i],:_ I];;Lﬂﬁ_‘p i fodr - Jy,,a/ aégtl\, A & ’l’:_w-mﬂ F'&f?:
P2 B E AR B rEp st Y 0 KT RSEE AP P
LEHARAS @A STIER L .

3.3.2 #ke=
e - b f 1A ER e WERR A SR L R E 1L
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W g o AT A1 A FIR B 2 (genetic algorithm)i 0t fi0k o 7% W igd i -
m@# APTRER - AR A RRFEI AR EET AP FINE LEFL
B AT RSN B SR 4-@1%{\ EEOR L EATF T A AT
et g > T AL AT PRy

RAPFEBAFTC ZNBG R - BRREDEL LR OPHEE (4
) ;f:‘qﬁ*‘ Nyféi;’{ﬁ (1.23...N)> e 305 Bigplek h & m«L PR R
— GEE S FRRRE — R R B R AR ENH SRR b h B0 T ' 28
KR - EL 2> T - PP EELS PR - ke

%Fmﬁk%ﬁg«é’ﬁ FEZAFIT - - LEHREL > R
Tk By Rl R LRI SE L B

- ‘N) ‘j
, "
P %ﬁ,\-
s~
s

"*amw
‘_‘;.\m} AR
o
Ix}

BN

>
=

d 3 Rl B IR AR B H SRR BT H R T R R
AL G e ENY PEAFA R LRI EAFLENHEDTR: Kn a2 kI
BY oBmBi-e BRFETUEFER2 X3~ I m A
A Bem Al SR R SN 5 H =Cp o T i gt 258 eh
d %k o

TF)‘l'L’ﬁ M BRI 2 &REREL 12 Mo b 5 BFHEE 1SiSM >
e PRI E N2 2hy 2.2 hy, >1 v PR T ARG KL FIN Y
E"M BPEAF T > P 2SI a B kel e s g5 - B8
Wigve— R o blde B N=4 M=3 P& 2L 5 (hy, hy, hs) > & Bandcs
e &5 1~24> EI'J9E’—‘<HL‘I“’ﬁ”’(421)V’E‘r—§+),’% FR Bl e @;;2 ~ 4
25 Pl - e b;wgﬂ(422)pg— R R TR R L e s
LA LR R T AR RS ‘)‘:’;,_E. w A iﬁ'ﬂ‘.ﬂrma;\ﬂ"’\%"
g =N

“.1

e Amay QAR M BHRRISE TR AR g Hy, =Cot
B 0§ CF Az M, Bieplebps  Hv ik gged Hy, =Cp " o 4
nkFE g iR Bl s Hiy, xHy, = Cy ™ xcﬁ;MZ*l THERAEE R 6
FN-M > My bem 13 > S 8L RfFZRES P @S Rj2E RPER -
SNENER TR LSS S EIPNTE A Iy
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Array/CFlfz | e TFTICFAF A NE |1 AFRHEiNE |
IFHEEE L e AfEaka s e AR AFAE |
Qj Array/CFilfz | | | Cellw= 4z | | I A

EE e

1]
YR : FE e :Q

34 § b\%HE

AT e U = TFT-LCD Ry end 2B > K%#F ﬂ\/F‘”"*’Lri :‘_"”'Sé
{@ ﬁ,Tb%ﬁ,féi_;i—s;;uﬁ‘,tl—ﬂ_\z%wéw-‘Lﬂ\u,ﬁ‘ T _1#
BA e FHALT Mm@ 12 £14%(¢ 7250 B > - L1

P TE T T - stage BB FAcL )BT R AP = BR ORI R
P A e g o

ERbl- > & FAFP AT TG S 68 0 T EEY 12E1 4
WL — stage dr1 15 0 F—- AW S 5 3B G A 0 Bl AR
T—ﬁ%e%iﬂlowmA%%%31’,pmwﬁf7<k’m RRCI - AalVE:
EAI® 9 9.30-11.61% °

kb o EFE P AP TE o s 108 o EEY 12 €141
TLEd - stagedv1 s 0 F-AFEFZSBUUFR F o BIZAET R
T - Stage #F el o i EArd 320 AFETAFEEZ I REB S A
2 &% 5 6.48-7.63% -
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PRl P e 3o wlics 15 Y 0 MR 12 £1kF

TLED - stagetr1fE 0 B HKFEE Z 8B G
T — Stage # e oGS dck 330 AFEFAEEZ 22 )i

1% 9 3. 36%-3. 82% -

A 3 A O T E AT
i%""r;bk?ml/zﬁ',_/i—‘j\kbﬁqampmpr‘g;@
WZ AN 2P RSN G o F AP PR P AR
bk B R E b BT AE ARG LD TP L Y T iehE 1

I E P oa AL 1

EES S R TATE

e )

» RIRZ A T 4N
T

{x 1A 3 0k ke Lo
eI AR P E 8

g A

431 AFE1 AL E0- 2 Frotin

Z(F) | P(F) | N(®) | PiES#cE(™)
(Wi €1 34200 | 2317 | 1452 | $314.915.442
Q)12 £ 1 i % (h=3) 34336 | 2319 | 1452 | $321.556,164
() A T RE 2 Bt a; 37062 | 2491 | 1467 | $351.466.288
4) AT Y EE R R
@ 1 T 8379 | 751% | 1.03% 11.61%
=((3)-(1))/(1)
(S)ﬂ\fﬂ 1 F’I-‘h—- 1/2 g‘ a1 ,LEf:mLL &

7.94% | 7.42% | 1.03% 9.30%
=((3)-(2))/(2)

432 AFE1 A8 %0-

2t )

Z(%) | P(®*) | N(®) | pESEKE(R)
(D& £ A% 55225 | 4,080 | 2,897 | $223,299.419
(2) 12 £ 1 i+ § (h=5) 55266 | 4,080 | 2,891 | $225,701,499
() g e k@ gk E AR | 57251 | 4,178 | 2,929 | $240,335,878
4) AT L g E 1 ARt 5
® T ’ T 367% | 2.40% | 1.10% 7.63%
=(3)-()/(D)
SyhAmF el 12 F 1 A Fent &
AR ’ ] 3.59% | 2.40% | 1.31% 6.48%
=((3)-(2))/(2)
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£33 AFE1AKENZ 2 R

Z(%) | P(®) | N(¥) | BiRdSdE(~)
(145 86,071 | 4922 | 3.698 | $256,348.671
) 12 £ 1 i & (h=8) 86,049 | 4911 | 3.680 | $257.472.097
(B) AEF e RE bt g | 87,769 | 4919 | 3,671 | $266.128,646
4) APyl m €1 AR ant F
@ 1w ’ T 1.97% | -0.06% | -0.73% 3.82%
=((3)-(1))/(1)
SYARE T el 12 1 k5 dnt &
C)RF R =3 ‘ 1 2.00% | 0.16% | -0.49% 3.36%

=((3)-2)/(2)
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4.1 PR

iz flizd o TFT 4 fo CF A feftchie % ¢ UL - o>
@ ? > - . TFT-LCD &4 (plate) ¥ 4% 4 &] = % % & 4% (panel) ; & & #3]- 2 &
TFT-LCD & 1 » A it (7R & P en TFT 4o CF & 48 JF 5 A %4 {7 5 ¥ TFT
BCFaHY 5 - 57225 RRE f’r‘%%;;ﬁvTFTLCDM;fg EA S R RS
Bl 4.1 %757 » &) 1 ¢ TFT g_vfmra: AP u oy 75% € b 7R & 0T
s FLP MM B BEAF L 50% N TFT-LCD 4% » @ &b 2 ¢ » TFT
iHFfrCF AEDRELHLFRRS 75% Fi ﬁwdrmﬁoﬁ ERESTFI AF
& T5% 0 TFT-LCD zh 4+ o 277 3 FLut fe {8 0 2 & 4 fe ¥+ 2 5 (mapping yield) o

TR L4512
TFT &4 (75%) I TFT 4 (75%)
I

>< O TFT LCD #4& (50%) | >< O TFT LCD #4& (75%)
OO |

>< O I O O JRA4a 3 >< O
CF #4g (75%) X O | CF £4& (75%) O O
OO I | X|O
x| 0O : 0|0

Bl 4.1 TFT fj!}’tﬁ‘fr' CF A erfie 2 %

A AWM AFEALS ﬁ'(cassette)* B mafo @ - B+mv i
?‘ /J 1020 # A4 - AF A NAFEFEPPH > - F @R - 5 - Bl

FALApR TR LF PR \WU.%;,« A RS- R 3R BRY
\‘3' P IRGL Y M5 B CF{r TFT + @ p sl B & et - et wn CF
1o TFT A4+ 3 %5-; A %t 74 4% (mapping plate) ° K — B+ ® 7 2R 0 B A 4F
% TFTAeCF &3 N+ ™ @ PR ps = 55 (Wan)fie s - bzl 2 &
PodriR S IIE R LS e 0 AP S AR AR (plate mapping
decision) » fi3 0BT F ¢ 0 f W H A PIEC U F 2 AR

Rtz - CF+®p hffm#r¥lchin B TFT 24 7 i f24t
AR TFTH®p > 270 20 Cell {ARcnie > (T4 > 1 RUF € LEFTAFR
3 2 € ¥ 17 ¥ (pick-and-replace) » 7 T #— CF + ® #7140 TFT A n+ @
RN B - BATOTFT ™ > g BRE 2> > L7 TFT + ¥ 4
% P &+ @ (target cassette) boB 42 957 > CF+ % X} F = B A48 (7, X2, x3)
H e st A Am (g, 72, 55) 4 B % R TFT+ ™ O, R, S o4 3 rfi‘c:té’kTFT A q, 12,
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SsHA R+ @ > BT TFT +® YR o g+ @ X p i e > 2
HAFBLEF® VP > R FEx Lot ® Y5 p Rt ® o

TFT FE O
| |
\
e
lgs ] N\
\
CF+F X \ TFT ¥ E Y
TFT ¥ [E R \\
E | [rn ] [
[x: ] - - — — —
N [rs ] Ass ]
/
/
TFT £ E S / BAZF[E
/
s ] 4
V4
N
B FE

Bl 42 R ir g

T TR AR K AL S 2B H(sorter) o 4Bl 4.3 A1 0 - B AR A 0
W da— 1 E £ R (robot) » — 11;31,?] ) # (output port) > gﬁﬂﬁﬁij » - (input port)
SRR E S S TR S RS AR & AR VR S Ry
m g NTFT e > el ipent @ > uAy i p Rt @ o

AT N 3R
E— AR T e
m/_;\m
N=—

Bl 43 A%
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SAF RIS - CFF ™ P ahfir ot eein B TFT A4 7 it § A 3¢
&% TFT + ® ¢ »igdt TFT + ® 4 5 3% CF + ® ¢ B + ® (member cassette)>
AF 7 I + @ fe 4L (cassette mapping matrix, f§ fLfeHHAEL)E L & CF +
g e R+ w @t ® R % (cassette-to-cassette relationship) ¢ fie 4B T
* Myow=[my],1=i =N,1=j N4 7 F TFT+® j 52 CF+®™ j2 ¢ f+ @
Bl my=1 F 2 Bl m=0- Bl 4.4 5 4 % CF+ % fc 4 & TFT + @ i& {7 47 e $hit
Kot ® fe B My o doBl #7710 CF2 + ® e AL 47 » §7 & TFT 1,
TFT2 2 TFT3+ ® ¢ » %)t TFT1, TFT2 2 TFT3 = B+ ® 52 p £+ ® CF2 e
FRFI®  RBETEFRREAFACEBERAT DI D % E & A TFT
+@mpA s A ad Rt w g

TFT 1 TFT 2 TFT 3 TFT 4
CF 3 1 0 0 0
CF 4 0 1 0 1
CF 2 1 1 1 0
CF1 1 1 1 1

Bl 4.4 peteid

gt B iR A 0§ ATA DA BRAL A NP R W g dDE A
i (output sequence decision)® ¢ R + ™ F T R %508 B 4 (input sequence
decision) » &7 BRI S HE AR NI BAK AR - S PR+ 9 g HER
(output sequence, i H A R A ) 4o B 45 ¢ v 0 AR AE T G
C1>C2>C3>C4 - £ C3DCA4DC2ICL % » £ 4lfafa) b f - 2 ¢ A+ ™
TR R 08 F (input sequence, fj fLdk » ER) 0 deBl 4.5 ¢ #ror 0 1 CF2 PR
+® 3l 4 g R+ ™5 TFTL, TFT2, TFT3 » & A5 § - B~ Hl)
TR rER S TIDT22T3 & TIDT32T2 & » £ 3 F7; -

e AR L oA 2 & (flow line) » # 5/ #T 5 = R &4 5 (assembly
machine)> (% p 3 E#Fe @ O TFT AF e CF A e R EH 2 A HPE L
b7 AT AIRAREE TV UA N - BRES ™ F 2 i)
TOREHDELAERE T REBHBABNE RIS EATHFTF A
N PHRA T FPRF TP NERRAE A REPDART RIS
GERENCEE S S Y TR SLEREE Sy PR TR e N X
TFT-LCD fyehd & & 41 o

Fheorit s AFE Y P end 0+ ® e v ﬂ;;—l o E R - wEE ki FR
Bl 8 L L RBADER I N TR U A LT AR R A L)

% o
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AR - ) : RS G|
I
| £ ol i T
Bt @4 s C1> C2> €3 C4 P e T T e e
T TFT1 TFT2 TFT3 TFT4 ! : crd 2 1 2 1
AL . = | 3 CF2 1 1 1 0
1 CF1 1 1 1 1 I ' F1 . . . .
2 CF2 1 1 1 0 :
3 CF3 1 0 0 0 | 3
4 CF 4 0 1 0 1 | CFZg ﬁ + @ 5 TFTI, TFTZ, TFT3
IR m O THAEEA
p+®g s C3 C4-> C2-> Cl :
T TFT1 TFT2 TFT3 TFT 4 I
i CF3 1 0 0 0 :
2 CF 4 [ 1 1] 1 |
3 CF2 1 1 1 0 |
4 CF1 1 1 1 1 :
I
!

4.2 f335 2

ﬁpwv@m¢§&a{%ﬂa»%ﬁ’ﬂ%**i+¢
= # i 23] #°3] (Dynamic Programming Model) » # p % @ 7 3 = » 4 8] £ 340
»%ﬁL%&&%ﬁ$*§ﬂww #w@&%ﬂ%**iﬁb EEPER NN
» TR o B AHP E B - B AR B R R ﬂ@ﬁit? RN
9(%%@4®°

e n g B A

ERE LA S f'v'ﬂ?%&*" oAl e = o gt AR AR S F 0 1Y B (stage), Ak
(state), #+ =t (batch), FHpeid 2 % iF Stage Modehng, State Modeling fv
Batch Modeling = st— w 1 AL e LA N ’}H’l’é« ﬁf‘_ 4] *  State
Deployment #rie#-h &% 2ok fy » £730%F 2 5 - B 5 BRAEOKLE »
Bl R A R
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Stage Modeling
—» ARl —>  State Modeling

3E f#_DP e BE Batch Modeling

-

> 55 (L EFL 47|  —— State Deployment

Bl 4.6 24§ DP % iz

M E AR B ¥ Stage Modeling, State Modeling, Batch Modeling f- State
Deployment ? HE ik 7 A 4% o Stage Modeling #3& = 3k A e gt % ﬁf-méﬁ #H 2
Hpepfaz2 R g ff B Stage i, léléN’ EAFT Y o R
i(stage )& Ap s & N P AR+ ™ K; e97 5 30 % B (state) #7) = e’ﬂh?ﬁ Lo TP R
¥ %5t % Stage i= {seq; ;| 1= j =s(i)} °

A i (state) seqiy, 1= 0 SN, 1= j Ss(i) > BAFTF ¥ 0 BIFE TP ok i (state) L
#ﬂﬁé_i P+ @ K il ~ B R o

State Modeling = 2 H ik A i s = H 3> A p ehi 22 g 597y

T

Batch Modeling & 22 5k & e chd = B3> P A2 2 I g 597y
AP PTe Z = B, 1= i =N, 1= j =s(i), 1 = k =b(i); Batch Modeling i
£ %8 E A 4 2w S 1%:E B~ 4% B (Random Select without Replacement Procedure)
kA A - BAEPN GHTF PR A o

% :F Stage Modeling, State Modeling 2 Batch Modeling ZBHI T EIA
AR (FRBAT) FREFIFMNGRESF ZR7 PPl o 4oFl 4.8
Bron oo A E (1) EBaa- kAied ’-"ﬁfm#h‘”“r W (2) s kAR

= ;[ga!uu;n e s ¥ ﬁxf@— l[%#“‘*»k ) mﬁ/’:#‘*»k ,( ) :‘:E'_’;i T
m%’fmﬁ:‘ A

-

[EINLIY R S AN o 1 N> o7 o= S| =T Z2- B3 mﬁ":ﬂ’k}*‘b»\ e =
TP 0 F 72 = E =t ek fi(state with unfilled batch) &3] ¥ — B & 7% 4% &
REF A e g o Fp AFT 7 2 2 18 State Deployment #-2 k & 2 e
Fepz ki AR e s Aok iag v Bl B gk

53§ State Deployment e Z2_ {8 » R NER{ e 2 - B & NG K doR
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4.9 o 2 A 5 # B 5 R3]2 (dynamic programming) FofZ )t A5 & e 27 PR P
Virtual stage Virtual stage
stage 0 stage / stage 2 stage 3 stage 4 stage 5

Seqy
Seqs,; Seqss
Seqr,1 Seq,; Seqsz Seays
- - T1, T4 (T2, T3
Start .l 1 CDaCD Finish
Seqqq
Seqas
Bl 4.7 A A pp Jf#
o A fE —
e %8 AE —
(OOHO O —Om
o A RE=

® 4.8

[
'.,»N
[

fu
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Virtual stage Virtual stage

T1, T2

stage () stage / stage 2 stage 3 stage 4 stage 5
Sedss Sed;
T1, T2 T3, T1 T1, T2 T3, T4
Seds Seds.
T1, 72} (T3, T2 T1, 73 }»( T2, T4
Squ,g Seq4,3
Sequ 1 Sedz1
CDR GDNGEDE D
Start . H Finish
Seds 4 Seds,s
(@) ([T
Seqss Sedas
T2, T3 T1, T2 T2, T4 T1, T3
Seqse Sedas

B 4.9 = fchfh & e ge e

¥
-

4.3 7 %#E

AT UY0B LR F BRI REP AT AFR DD EE A kAT b5k
wH R EF[24] A AT E I g % TFT2 CF+ @ e V& n - & B
+ @A R # @AY 6 Bl panelF T o AR RO RSP
aER R N R SR 2 3 R RN A FIROE 302 o Sadp iR AT d o
Al oo

ARG RFHRFERFAAR L o AT 3 F[25]978 B A Tl R R
fR15 2 > 7RI 1S B DA IR 0 B 15 B PR ™ A DR A S B
PR ARG 2R KRR AL 1S B R kg g RIS A

2 R

dRFENS R T ET AP Z RS TFT-LCD 2 A8 Y 25 -~ 8
Feoeg o BEARP LIt ® B e e s LT ERR O B L 0.05 ok
AT o AR AT E Rl a0t oA AR N R 5 { B R sTig
i vcded 41 9757 0 Bt G 83% TR FR
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241 PR LBERE S E 0 R

A3
1 100.0%

N=10 2 91.2% | 959% | 100.0% 4.1%

n=20 3 90.0% | 95.5% | 100.0% 4.5%

panel=6 4 89.7% | 95.1% | 100.0% 4.9%

5 88.7% | 94.5% | 100.0% 5.5%

1 90.9% | 945% | 100.0% 5.5%

N=10 2 91.2% | 95.0% | 100.0% 5.0%

n=20 3 89.7% | 94.6% | 100.0% 5.4%

panel=12 4 89.5% | 94.1% | 100.0% 5.9%

5 90.1% | 93.6% | 100.0% 6.4%

! 88.5% | 92.8% | 100.0% 7.2%

N=10 2 89.1% | 92.6% | 100.0% 7.4%

=20 3 88.6% | 92.7% | 100.0% 7.3%

panel=30 4 86.3% | 92.7% | 100.0% 7.3%

5 85.6% | 91.7% | 100.0% 8.3%

1 93.4% | 983% | 100.0% 1.7%

N=15 2 92.6% | 982% | 100.0% 1.8%

n=20 3 93.6% | 98.1% | 100.0% 1.9%

panel=6 4 94.0% | 98.0% | 100.0% 2.0%

5 92.6% | 97.9% | 100.0% 2.1%

1 92.6% | 95.1% | 100.0% 4.9%

N=15 2 92.5% | 953% | 100.0% 4.7%

=20 3 92.7% | 95.5% | 100.0% 4.5%

panel=12 4 93.1% | 95.8% | 100.0% 4.2%

5 92.9% | 955% | 100.0% 4.5%

1 93.1% | 944% | 100.0% 5.6%

N=15 2 92.5% | 942% | 100.0% 5.8%

n=20 3 91.6% | 942% | 100.0% 5.8%

panel=30 4 90.9% | 94.3% | 100.0% 5.7%

5 91.4% | 944% | 100.0% 5.6%

N=20 1 94.9% | 985% | 100.0% 1.5%

n=20 2 95.1% | 98.5% | 100.0% 1.5%

panel=6 3 95.7% | 984% | 100.0% 1.6%

4 95.5% | 983% | 100.0% 1.7%
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5 96.2% 98.3% 100.0% 1.7%

1 94.8% 97.9% 100.0% 2.1%

N=20 2 94.6% 98.2% 100.0% 1.8%
n=20 3 95.1% 98.1% 100.0% 1.9%
panel=12 4 94.7% 98.0% 100.0% 2.0%
5 94.7% 97.9% 100.0% 2.1%

1 92.8% 95.2% 95.2% 0.0%

N=20 2 93.1% 96.2% 98.2% 2.0%
n=20 3 93.1% 96.9% 99.1% 2.2%
panel=30 4 93.3% 97.7% 99.5% 1.8%
5 93.5% 97.6% 100.0% 2.4%

23




I RRpa

ARE L R R AA B - BIRHFRE PR AR E 1L
FORE S 38 SO GV A e PR IR TR o R e -
Pt R EE R A AR AE AN R0 I B R TR SR
o AR D BRRGEE T ARG BN R RN AR

5.1 B3 AL

7 TR k2R (project scheduling) B 38 # i € 2L 45520 F1Z & 5 T 7
Z BHEME e % - ~ iZix(task)2 FFE 5 AP & B (dependent relationship) >t % 4p
R GE YT - B o 2B k45 it (directed acyclic graph > fj £ DAG) >
4oB) 5.1 477 0 %R R EF 6 B Eik (task) 0 EAERE G L GFEA UG B
o BROREEBR B ERLPRARE ARG F D EBRORELY
£ FoRaE o o] 52 907 0 % 40 PFRE IS E S E B @y

LR Y ST P

B5.1 DAG =7+

[ #s1 7 w=s |

M52 3BHEFNEFT

SRR AT A A A B3 R AL £ A (sequencing) B AL ~ d7 iR R AL
(matChing,) ° #’5 }E‘?‘ F\:B ’S’E{/ < if{ i}#{‘ f:l' l;"J,’J;g'; f; ME!_}E'?_ N ;}Fl /:,\FFE %{;}Z"ff 5};}’% ,’f’\’dr‘,ﬁﬁ

S sl

| oo ipAF AR R AL 04 22 R (complexity) %@ 0 FlE r BEBEAEER LG /et
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F3% %?m@;@’mym%ﬁmwbzﬁgﬁﬁﬁﬁMﬁ%ﬁ’—éﬁﬁ
PR k&5 G /om'fh ﬂ” ESL S

iﬂéﬁﬁﬂﬁ{ﬁa *iﬁ%‘ LS S F T AN W
AN E M L sipt R o Bt E ﬁﬁég% - B A& E R ?‘r;; 4 Fu(distributed
heterogeneous computing; DHC) 4% < #73) DHC & st&4pd 5308 Fis (8
FAREE A At E) 3R AR TR R fofgN R AT
M- S A EE J e Bt AR E AR T - BARSNPE S AN A S B AR
PP RNPRETE > DR EFESET RBERIL Fls S ENE
ApiRE TR @ X TR Flpt DHC 2423 E 5 F i & Z AR g »
L ﬂwEﬂ LA Bk Az it AE 5 DHC £ 42 1° 3 o

% DHC s 5@ > % 42553 F & 2] 5 37 % Eix(task) » 38 Tl (27 12
e i 5 F v 2R BI(DAG; directed acyclic graph) > 271 5 G = (T, <, E) >
T={t,i= ,...,n}fli 2973 Bk b 0G5 % 1 BEFE o G ERDRBHE < K
ZES EBAVERM G blder B8 BEA,eT 0§ <t RAg ok tkéﬁ
& f;'ﬂlﬁ(predecessor) IR = T 3 —‘ﬁ (successor) o #7114 ;TR > (A F
AT o E R & KB R hif(edge)dt i (arc)hf & 0 A & B & fzK*fS“j‘*c
@ﬁi%ﬁn‘:ifé_ Dip> N2 ZI ; DEFE 4 97 m@ﬁ;]gﬁﬂi(u [l byte » H
) - B 53F- % DAG 6| bl4e (1 <3)RE Ty B T2 Bipd o
PEBGRERIZME A FTURGEFER s T8 FER é—ﬁ@ﬁ%ﬁﬂ:ﬂ:&
Di;5 5°37%BY » PREPEZS IRHTT TR 2AHK b4ciEitn s - Bib

* HIEFE o

M 53 § @HFERSDAG ik

Dm:Lﬁia{ﬁ—m&*?%kﬂﬁ%$ﬁ$ﬁ$%%§€ﬁﬁﬁﬁ
BoM Ay BENEE oRESM={m,j=1...m} m B EFDBE m
S .Mw? % DHC kstv? » 7 8 B2 & croif % (bandwidth) i3 2 4 B
(network)m TR o W RS mxm BE Ryxy o ER EFE2 Fé‘*év’ﬂ@ﬁ%lrk *
(communication time)4c ™ #755 :
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D,
CommTime(t,,t,) = ————*——
R[H (i), H (k)]

if H@G)=H(k),then CommTime(t,,t,) =0

R H() B AR ik el B > RIH(),H()] 5 M Dig 5 Kz x 4 3
Gir GG R TRE 2 B RS- BER . B8 4
0> 4T 72 & f;i;gz,?lf\fi cE T EI R APEXREAPBIHER S L 1.0
FltiEa @ik B ehibg S Adp R TR BHE BT FRES §RFD
TR

FlidBFHE - 07 B E 0D Y47 F(expected execution
time) § 7 I o f Ff EAEF G FATHE 0 RS - WA QAR - SR ER
f?°4—%9ﬁ5%—wﬁﬁ%¢ﬁ”ﬁ FENGFHP R EAER > YR
RV - B axmasel F4:E > H Eij RA TR ABE jadp R TR

A PEAZOR AL padp R A% = 1 pF R (makespan of the program) » B & o ficde
T i

T =max (Fy,.....,F,)

PR F AR > I0% & P (makespan) 0 j=1,...,me % S FRF & 4L (7R
F"* (processing time)fr#F RAY hm A 24 :’v’wéﬁ % P [ (waiting time) » B ¢ % @& pF
AT PETRE B PR (idle time)fr 7 @ # BF & (communication tlme)

5.2 3pikcnfzix

AF7 7 K2 DHC e A2 27 45 0% B 400 & 3¢ % 3% 45 R fZ(serial methodology)
SPFRRLIE 4R o 77 W R R iR AT ﬁﬁ@#ﬁ&{,%wwﬁ,%mméik
- T A 2 AR - R FRF S o 2577 £ Boyer 7t )
e DS /2 El 1[30] @;’:}grf’\:’v’vﬁ-a‘; AFEEP L DS ER Jj'L‘ ER: fé,ejfbfmﬁ-ﬁ
EnAR o BB R R .

g R
Eirdpthki (1<i<n)
BEHES (<j<m)
F~:§*°Balw EAR R BB E le‘ﬂ*’??'ﬁﬁg R R AR
Fy=T;: FHATEIHiqpinatdb Bt fRPE ,\_‘m‘%‘E‘*F'“
T=max(Fp,....,Fp) *3pi%iTEiris - f e f2:t 3 ;{1 PR
Aj:Fy-Fp» FRTED (dpin e B B BjF ST as

(=

i #- Boyer = }I%t’ DS j# Rl ei B i3 i 2T o L FE ,éﬁig?] NS - - 0F 0
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F_eiE 738 B (ordered list of tasks) ~ 3+ & % BH 7 £ T 7% chpF ¥ (machine list) ~ =
iHDAG Bl - fi) Mg % K5 B 2 44p 754 48 F (matching decision) » £ 3+ & )
Bo% 1 pFR (makespan) o g RA et T=0 P w2 2 B & o REF iR
FEEEBBE NN T RIEF F EALE P W cimakespan 5 F|F_o & 3%
B 7 £ makespan > 3¢ iF §3-3p /»\\:{;ﬁx | T8 ® yo { 7P % ¢ makespan v F; ;
|23 P oA i makespan 0 F0 E AR RS Bl Ay S B x 0 L AT Fje B I 230
R EERENE AL EUSLIT A L
Procedure DS
Input: ordered Task list, Machine list, DAG
Initialization:  7=0, Solution schedule = {empty}
While(Task_list not empty)

Remove task i from head of Task List

For each machine j in Machine List

Compute Ay, T;
x=argmin(A;)
]

y=arg min (T)
in (7

if (T,>7) then,
T'=T, and F,=T,
Machine_Assign(i) =y
else
F=T,
Machine Assign(i) = x
Endfor
Endwhile;
Return Solution Schedule = {Assign(i), for each task in Task List}

5.3 3B iz

&ﬁw%ﬁaﬁpfﬁﬂ[MCﬁw%ﬁﬂw@H% Ak 1B R fE(serial
methodology)sf% 3L 7 1 - 45 mrﬂ#—ﬁ\n\— PG ] AR - R iE R
iEE 4 o ﬂ\FJiL#& A — I E TS L z{\&mf&'ﬂ/ﬁﬁ/f BHOF A o AT
FEEA L BRI S %ﬁ%%i;‘} RSB A AL 2 S A2 ATR G
B enE )3 i EH LI WA A ATR Jen R L B R o WA B A W AR

4o T

531 % ¢ MRk

FELF WAL S T 7 5 (task sequencing) 0 ¥ & T 5 X={x;, x2....,
Xy 0 X R FR - iEA I Mo n N AT Zian Bl 44 1L F]E(gene value) & T
LR FETE 0 4 A 5 (index) S R B fehd S o @ - B 2Red ¢ Al
FE Lk EFR2 B e R “qﬁl ° wHi\? DAG ¥ »6 BEHF i A2 40k
5.1 04 ¢ 8 1121220262t H P tsh 2w > FP tsenindex /) 3 £ en
index °
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2051 BFL A 4d Wi Eyiag

# 31 (index) 1 2 3 4 5 6
# F(gene) t; ls Is 15 Iy t3

FRIFAHF AL LRI WFDST o AT T - 2 R iR e R
AR 0 A WG EF ARG o A2 PR d Mg R 32 DSl Menfrt i
RI1PER T 17 5 i & B (fitness value) o & - 1 p 4558 > H 3§ iy S dicho ™

RSk T=max (F,.....F,)

532 42 f A 2 2

Fla Ear2 B EMAE RG] R MATFF ¥ g dgiRe 30 A2 W
g § 48 o AP gt PSGA hiRBE > 1395 P B E S 18 b-level {r t-level % #c
B0 A 4 Eixenif ki (task priority value) o dcit 4o o

(A)* & b-level:

b-level 3 F7%1;7| 5 t6 — B iEIFePd £ MR T E B » F| P & B E 73405
b-levelig DAG 7 ¥ 4] » FpL A% a0 G eR{E 7397 e (TR SARE > H b-levelid F
PR o & B EIALDb-leveli B G b R E T O R RFAEW) e B AL
(longest) e+ = 53¢ (child task)shb-levelfr & ﬁig?l FF B CommTime(t;, t;) - 133 DAGH
T AP EE B Eigenb-level 0 F XAk F F Ak H b-level i B T 353 {7 pERY
AvgE(t;) o b-level 573+ & jn 42 4c T .

Procedure b-levels( ):
Construct a reverse topological order list (RevTopOrdList) of tasks.
for each task #; in the RevTopOrdList do begin
max = 0;
for each child task ¢ of task ¢ do begin
if (CommTime (t;, t;) + b-levels(t;) > max ) then
max CommTime (t;, t;) + b-levels (1))
endif;
endfor;
b-levels (t; )= AvgE(t;)) + max
endfor;

(B)3+ & t-level:

e AR BT E B Eirah-level o t-leve(t;) 5 entry node I if T 5% 1; e
EREHE > FIMV T E IR E S B AP o t-level(ty) & R E Fx(parent task) i
t-level(ty) &2 < T 3% ml@ﬁ% R CommTime(ty, t;)4c b < E i3y (7 R AvgE(ty) °
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145 DAG d F LT85 B iEik g entlevel» B XA R EiranE o B tlevel
Z 0o t-level 573t B A2 4c T

Procedure t-levels():
Construct a topological order list (TopOrdList) of tasks.
for each task ¢; in the TopOrdList do begin
max 0;
for each parent task ¢ of task #; do begin
if t-level (t;) + AvgE (t;) + CommTime(ty, t;) > max then
max  t-level (ty) + AvgE(ty) + CommTime(t;, t,);
endif;
endfor;
t-level (t,)= max,
endfor;

(Ot & Tirenip L.
i+ L B Task _priority(t) 72 b-level § 1€ E i L JLH > t-level § %%
R & B Ik E Task priority 40 #757

Task_priority(ti)= b-level (t)+uniform ( t-level(t;)/2 ,-t-level(t;)/2)

(D)2 2 % ¢ #:

Eirenifk @ Task_priority 48+ > % £ H gL E R ART G > FP T UGS
B E ek B D e (7 L {808 (task sequencing) 0 A 4 (4 F B0 @ T
g t-level R 2B EF > A XA NERBLEY ST RO FPVT AL T F ik
M ARl 54T TR LEREE LRI W TS EER SRS S 1TER
AL A MEHBA S LM F REDRERET -

[E3 §2~(task) t; %) 13 4 ts ts

EiRRAE 13| 4 |73 2 3 8

fREE DD D05 D3Dl ,
[EF S

2.4 4
l /

%z 51 (index)| 1 2 3 4 5 6

| 4
AFlgene)| t; | ts | 12 | &5 | 3 | U

Bl 54 d Eisenip i @l 44 8

(E)d= 45 48: 28 ] * PSGA ¢ N A& 24 7 Nitl000 B % ¢ %8 - 1335 2§ & -
FhBm N,i60 iE R ¢ REY (TN P AL S R PO) -
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533 A2 ATH ¢ Wk TS

B el TR B 2 Y A 4 FTend 4 R - AR chUF 1L s (evolutionary
techniques) & 4r: ¥ 2k 2 fiz (one-cut crossover) » i ¥ 3 * 1S B L I MR ER
foo AiE P AR M AR > FEE A g AL AR X T G A LRfE
LfeeEART T4 gt - R4FeniiF > @ f P #0F (blind search) o A A & %
J1ig X @ ¥ 3 (consensus operator) » # H ¥ U Ip b - REF A S MY FHF
WooaE 2 - B E(guided) 4] 0 IR FAFEF L FVER FF 0 Sk
FPER R B RGN A2 R M A dheT o

Step 1: 2= = — i £ 3% (consensus pool) S
TP EOT AR € Kar k% fE(local trap)s A PR R p()iE R B L
I RYTIE AN P 2 hd s S8 o

Step 2: 22 = 51 484147 iR L &L PWP_matrix(pair-wise priority matrix )
YR SURCEIE S, F U 5 ! lﬁiﬂ;“i PWP matrix; M 4455 — B 0 4B (n x n
matrix ' n i EiFhBE) o KBS S EiEL SR ;ﬁd PWP_Chromosome
Ard B E B AN B 407, 3T M (M=MYA) doB] 5.5 4
H ¢ PWP_Chromosome(Xy)in % > X; i* % ﬁig?J g d B AP A b B IEARRL
B e A=[a;] > (1Si,j<n)» 5 0L (n x nmatrix) " & 4 ¢ WX, ¢ > s iz
Ity EAR G R E AR 2w ’a,j)]* e 10 4240 T (B ¢ rank(s) 5 % ¢ 80 index
» HEFERAER o

Procedure PWP_Chromosome(X):
Initialization: matrix 4 =[a;] =0  (n X n matrix)
For
any two tasks #;and #; in chromosome X , #; # ¢
If rank(#;) < rank(y;), then

a; = da; +1
endif
Endfor;
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)

PWP_Chromosome

v M=M+A v
i B4
M

Bl 5.5 PWP_matrix:M /i 4%

%w’%i—%JWﬂéméﬁéﬂemeﬁ’%ﬁPWRQmmmmmmﬁ,
A2 Aol 5.6 chiz i A e 4 o

7% 1 2 3 4 5 6
1 1 1 1 1 1
2 0 1 1 0 0
3 0 0 0 1] 0
4 0 0 1 0 0
5 0 l 1 | 0
6 0 1 1 1 1

B 5.6 EiripAR red
APRTE B RLEL MR L M=MNGS) > NS~ £ £ 36 S
B oA *f** wc Tl v eyt iy L M#%kt.a 3 A M,,» +M; = 1(® 5
BEERETARPASELY C FA80AI ML TR AER g
WA o FIPAPT ey B EZ52 4RI 2w gL (T ahk b
Flet i LA MNP FE G & S4B (consensus Matrix) e

F5 | 1 2 3 4 5 6
| 0 30 6 30 15 21
2 0 0 15 18 3 0
3 2% 15 0 21 0 12
4 0 12 9 0 0 6
5 15 21 30 3 0 18
6 9 30 18 2 12 0
£5 | | 2 3 4 5 6
1 0 1 02 1 05 | o7
2 0 0 05 | o6 | ol 0
3 08 0.5 0 0.7 0 04
4 0 04 0.3 0 0 02
5 0.5 09 1 1 0 06
6 03 1 06 | 08 | o4 0
B 5.7 fcHt 6 B iz ix K _PWP matrix: M &8 i {8 e M
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1295 PWP_matrix shs @3k » AP T 0 i #E R 4 G E A 2 BT
ié’*“"‘ FoRAWF 1IN0 SREIRLATHLZ PREFSZEHF B
A e Al p(y)7 H*‘rm%"“ 2T o] 5.8 AR T g Mo 1 0 et
bl o iR Reg it o RERG B ﬁ‘wmﬁnﬁnﬁw L TR0 PR g
1800 B e AL A F/m%i*i fﬂﬂ?}%“"ﬁ:l > Tt 5 A ] (hard
constraint) o @ 78t B f i i 5 18 00 AL L Paﬂﬁu 7 m«w LA A
R R 0 @ T ehd P (soft constraint) ¢ Flpt > A g A fEEE 1L
Flo2 2 EF 2 BEBFF AL NN 3 L& 0T o B AR
7 12 0 e 4] T eh g 12 Hi(feasible region) 0 A3 EBH K kR o

~=

n=1
£7% 1 2 3 4 5 6
1
2 0
i 3 0 | 0623333
o 4 0 | 0566667
5 04 08 lo7233:3) 1 A
v 6 [0433333] 1 ok 08 | o=
n=200 ! | % hard constraint
{175 1 2 3 1 | == 5
1 ] !
1 5w 2 0 : E
T 5| 0 [osm o s
5_ %t 4 0 [ 0366667 0.368667 | ;
5 |os3m®loseesry 1 N 1Y
Ei% 3 2 6 |ozeeesr| 1 eeadazsf0eee67 | 0333333

B 5.8 PWP_matrix e {3 "4 4 H 524

Step 3: 134551 #1484 PWP_matrix 2 4 - BFTeh4 d Y

PAREZ-BZREE Q=0 &5 Tl & X={t; 1<i<ng 0 Z 5 - Bix
< (b4 Z=100) > ME R BT 5E g X ¢ o Fpt X = X-{g;i} © @RI
PWP_Matrix 2 J—gq,mlﬁim h(g) (% PWP EirigLiE) = ¢ 55 PWP iz
FRAENGEQREY 5 0=00U{qi} EFREIXiTREELBL -
M ATER BV R E B T 5r g 7 PWP F_leﬂﬁi B2 EE A4 PWP Zixig
EEAR) EIRGVERART G 0 doB] 5.9 A b3 P 0 BB G qoDq3 Vg1 Vg4 e

o h(g2710 h(g;)=30  h(g,)=50 h(g,)=70

B 59 PWPEigdLiEd A g2oq93 Dql 294

v
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e o PWP_matrix M &5 & Q F &9 cor3 42 Q= {qs, ..., qui}fr
Q¢ 2B PWP EREALE Ay 'qreQ doPt 8 Tik ¢, 7 PWP T4
N O SR E R F &

()% h(q) & 25 5
FliEiry AR f*“‘ Boert g A A& 22 3 g F BRI E A L]
Dh(q)PERTE > d 2wk ? NPT A M FH D2 G A
Z00rl K TA LR DH LS hy=0> 2 REE h=Z 37 - B gy o
gk €0 4k my=0 v h(q) > hs B hy=h(qr) > foic® my=1 v h(qy) < h. ?| h,
=h(gy)> { AT DERLHRE > 2T q iz R EY rsz §FEF BANGEER
4] o 3N F de T AT

For k=1 to i-1, /*for each task in O*/
If my = 0 and h(qy) > hs, then hy = h(q;)
If my= 1 and h(qy) < he, then h. = h(q;)
Endfor

*(reference task)g, » i F 3 F 35 £ Bl Gld x g F e 38(])

Pgite g BT A o e Q)g s g 2 W T A 0 A FApt Sk S e
‘\‘(3) EYES 'Fagg%%m’\j/ leZ‘qr’Jv (9 I;Fjl»ql liz}z»qr7 ETR T g b "‘—\‘L‘- |’;|]:f;‘\
p =M(qiq,)

%Qﬁ?ﬁwmeer%MMQMMQ%%GQ AR RS
i3

k*=Arg Max { M(qiq:) } * qc €O (D
r¥*=Arg Max { M(qiq,) } * qr €O (2)
r =Arg Max { M(q,q:+) , M(qi+q)} 3)

(3) 145 PWP_matrix > #4 {7 ia¥ 4 (Bernoulli)z# 5%

S REAN AR AL BE 0 APH - % % 4 Bernoulliyiksk - 19
T @8 @R @b FES S FHRAH N A TR g T g 2 HET 0 T
() <h(q) ERERBELITE he=h(g) ;B AT HRAPTN R ETiqg RiEFR g,
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