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A Dynamic Programming Method for the Dispatching of

TFT-LCD Sorting Process

Student: Te-Shan Chen Advisor: Dr. Muh-Cherng Wu

Department of Industrial Engineering and Management

National Chiao Tung University

Abstract

The manufacturing of TFT-LCD involves four main processes: array, color filter
(CF), cell, and assembly processes. The array process produces TFT plates while the
CF process produces CF plates, where the two processes transport plates in a
container is called a cassette that contains about 10-20 plates. A TET-LCD plate is the
combination of a TFT plate and a CF plate. In a low yield environment, a TFT-LCD
factory faces two decisions: plate matching and sorter dispatching. The plate mapping
decision, which has been well solved in literature, examines how to map TFT plates to
CF plates to maximize the resulting yield. Given an optimal plate mapping, a pair of
TFT/CF plates may be located in different cassettes and requires a sorter to
pick-and-replace the plates to form a new cassette. Practitioners report that an
effective sorter-dispatching algorithm is needed to enhance the utilization of the
downstream cell process. Other than using heuristic rules, this research uniquely
models and solves the sorter-dispatching problem as a dynamic program. Numerical
experiments indicate that the DP model significantly outperform the prior heuristic
method.

Keywords: dynamic programming, dispatching, sorter, TFT-LCD
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1.1 =5 % §
R o M A+ % (thin film transistor liquid crystal display » # # TFT-LCD)

AR & 5 = B3%A o o B[ (array) W AZ ~ 2 (cell) /AR fr e (module)
feo | Ara & Wi 0T & W A 47 (TFT plate i £ TFT #4%) 3 == ®l4z
AR BT RWAK > fe s bop W hphendi g gk B (color filter
plate » f§ # CF f47)ie (7 /B & 17 % » i1 » @ & » 253 TFT-LCD £ 4 (TFT-LCD
plate) » £ #- TFT-LCD 4% *» &] & ¥ @8 ~t enlfici® 5 < (panel) o 7 ¥ WARR| 45
- AR IR FEAT A R IC BRI TRFEEE i

)

i iz ? o TFT 4 fo CF Afrpeft i % ¢ B8 o hle >
@Az > — H TFT-LCD i 4= (plate) ¥ 4% ~ &) = {% % & % (panel)s & & F3|- 2 5
TFT-LCD & 4 @ feit {7/ & pFe0 TFT 4o CF 647 374 F 3 A & 7 5 % TFT
BCFaFHP - 572 2k BIBREFELZHATFT-LCD & 1 57 7 L& o 40
B 1.1 %557 > & 1 ¢ TFT A4 4o CF AfrenBul 2 535 75%» v At (7R & iF

¥ FlaipHEM %o ¥EDAX S 50% 0 TFT-LCD A4 > @ &2 ¢ » TFT

A
NS

AFIcCF A B o 2 X 5 75%  F 5 st SR A5 (75

& 15% TFT-LCD 4 o A8 § Fpt e 8 ch 2 5 5 fe ¥t 2 5 (mapping yield) ©



1 : L512 :
TFT 4R (75%) : TFT 4R (75%)
>< O TFT LCD #4& (50%) I >< O TFT LCD #4& (75%)
2190 \ sows [xJO] | QO | wewe [X]O
CF 345 (75%) X 1O | CF 348 (75%) OO
OO0 I | X|O
x |0 : 0|0

Bt ARH o A A+ @ (cassette) 3 H i T A @ A - BF @ T K
451020 F A - AFASHAFEFREPBEE > - Fwp o & - B A
LFALARE TR AFAAR ARG FEE L GY AR - R 5T HRF RY
TF A RBEF 685 B CFfoTET + ™ p infl e i £ et > - fefd & 2 e CF
1o TFT #4735 f 5 fie #F 2 4 (mapping plate) © 3k - B+ @ 7 12/ n i A o
% TFT - CF &3 N B+ @ pFo Pl r et A8 5 (Nxn)lfale & - izt o &
Poodem S PlEcE L S e e s o NP HEZ 5 A pe A (plate mapping

decision) fiE2 HHTF ¢ 22 F B EFE 2SIl T2 AEREAR o

BAFFR A R - CR~+ ™ p chflin srip e n & TFT 4 7 it sedc o
AR A TFT A @ p > 207 3 @ Cell AP vE » 1 FEE ¥ § LEF AP
H 2 £ % 1% ¥ (pick-and-replace) » 7 T~ CF + ® eyt TFT A p+ ®
BRI Bkt BATHTFT + ®p > RS B > g3 TFT + @ 4L
% P &=+ @ (target cassette) o 4] 1.2 #7715 » CF + @ X p 5 = B A4 (X1, X2, X3) °
H e AAAF (o, 12, $3)4 B 53 i TFT + ™ Q, R, S M o4 # (¥ - TFT 4% qi, 12,
SsEARFmR D > BRAFTATFT ™ YR > @+ ® X pendrg fhim > Hpe

HAFDLF D YR > piEFERIEnF DY L p Rt @ o
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Bl 12 4 TET 38

AT TE E AL A RS B B (sorter) o 4o ) 1.3 971 0 — B AR A D
R - B RBE A (robot) ) ~ f[&ﬁe?l 11 3% (output port) » ﬁzfﬁkﬁs?] » 3 (input port) °
(T e T A pE ﬁ;f]:lzirﬁ.}g_%'{—- 4 o R R AT BT R deht

e dyd TFT &4 - :Jé;_g%;:’;tﬁig?]ﬂ:iﬁ.ﬁw«lﬁ ® o5 AR B+ oo

L NE- 1
— e FH 4 8
m/_;\m
=

Bl 1.3 5K F



ERFRHARLE - CFF®paflgoriRan B TFT A4 7 i § A 4%
w5 TFT + ® ¢ »igdt TFT + ™ 4 5 3% CF + ® 17 ¢ B + @ (member cassette)>
A3 % + @ fe 44 (cassette mapping matrix, f§ fLfe¥EL)E L £ CF+
mgrd g B+ w @t ® R R % (cassette-to-cassette relationship) ¢ fie $H4EEF
* My =[mil, 1< i <N, 1S jJ<NZ7 2 TFT+® 5 CF+m j2 ¢ i+ >
Blmi=1>% 2 Bl mj=0- Bl 1.4 5 4 CF~+ ®fc 4 i TFT + ™ i& {7 & 4 fie $H ik
K i A7 et @ fe AR Mgsy 0 4oBl#7r > CF2 + ® enfie 4 A4 2 47 & TFT 1,
TFT2 2 TFT3 + ® ¢ » 5]t TFT1,TFT2 2 TFT3 = F+ ® 5 f £+ ® CF2 ¢
R MR TEFTREPAFHEBERA TP R 2l & - Aren TFT

FEpA S i n PR B

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 1.4 feieers

LRSI EARY > €A A BRAE 4 B P RF W g diE AL
i (output sequence decision) % ¢ F + ® F T £t A g B 4 (input sequence
decision) » &% BRI P HE PRI HI BAK S AR - 2 P+ ®hg JER
(output sequence, f§FA HER)  AoBl 1.5 ¢ 1o 0 A AVERF G
CI2C2>C3>C4 > & C32C4>C2>Cl 2 > X 41T A K- Z g R+ @ ¢
T R #8508 F (input sequence, i ik~ ER) > 4B 1.5 ¢ #rF 0 2 CF2 B R
+® Ll B e R+ ™5 TFTL, TFT2, TFT3 » A R R 5 - Tﬁl;ﬁi%l * 3 el A

T o ERE G TIDT2DT3 & TIDT3DT2 & » £ 31817 -



AR - ) : RS G|
I
| & b Nl I 3
Pt @ 4 4 s 1D €2 €3> C4 P e T T e e
T L TFT1 TFT2 TFT3 TFT 4 I : ord v 1 v 1
g AT = | 3 CF2 1 1 1 0
1 CF 1 1 1 1 1 : ' CF1 - y - g
2 CF2 1 1 1 0 |
3 CKF3 1 0 0 0 | y
4 CF 4 0 1 0 1 | CFZg ﬁ + @ 5 TFTI, TFT2, TFT3
|G REmTRAREA
P+ ®g s C32 C4-> C2-> Cl :
¥ o Al AT TFT1  TFT2 TFT3  TFT4 I
1 CF3 1 0 0 0 :
2 CF 4 [ 1 [1] 1 |
3 CF 2 1 1 1 0 I
4 CF 1 1 1 1 1 :
I
!

o AR L R 4 & (flow line) » 3 A 7 255 B B & - (assembly
machine)’ T ¥ p 3 & B-Fe {4 TFT A v CE A EF R E-H 4 Z M 5
AR T O EEEHEER TR AN - BREF® > F 2 Al
ToOREPSAGAERE AL REBHBA PSR ISR ATHFTF A
N PR E o FR R TR UERREEAE REBPAN TR ETE
Flpv AR T F RO RS A R RI o S R A S P S AR

TFT-LCD f 8 % & di
1.2 ¥ 3 p e

1Rt e F o A gt e (T g o BB - R R AR
B o X RPANEAE eI 2 R > Bk TR RE S
g o
1.3 #~ e

A2 EFRFEEEAT 0 5 FRHLFE 45 TFT-LCD @422 TFT-LCD
W FmpM e $2F 8P HE S FHEAFL 2 R ERDF Y

A %I AR 0%E 5 2R ALAE ARE L o



- F é/l%twéﬁ

&% o B B(TFT-LCD)E_J * % &b ML e 538 b 4 TR BRE IR
Mo UM IRTHEE A NP R A Ik *gér_:sé—ﬁv‘ e b F5
dmk R TR EIRS S hE G o

TFT-LCD 2 # A g Hirip £ L ER - 1 F b - kR 5 2 2 @
w4 R HART 4 5 = BIRG (1) L5 2(Array Process) 0 (2) ez #l42(Cell

Process) » (3) i %] 42 (Module Process) » =] 2.1 #751 ©

TET Plate
X | x[x
Glass Input Array Output - g g T g Input
s toto TFT-LCD Panel TFT-LCD Panel
I:I n II
Cell Output Input Rodulc Output o
CF Plafe Process ? ? Eol Process a1 767 o
o|o|o
CF o/o|o
Glass Input Process Output 151y Input

0O 0 o

T SR

(TFT Array Plate)

REEAR K R m TFT-LCD
(LCD Cell Assembly) (Module Assembly) WA R R
EAR AN -3
(CF Plate)
B 2.1 TET-LCD %3¢ in 42 )
Y v N s 20y 10 3
B R LWL S(TFT Array) i Hori & E R A S@Espmn L i

FHMAEE s R B B EHE) AAFE IS KNS T LR

2

N,

2SI G G FN AR R 0 - LR e 90% 1 b o

|
«M‘

fo e B P & B A% F 5N % & 82 9 42 (ODF > One-Drop
Fill) » %t = e & i 0008 Jp s 5 R A u Pl g iTie
R S AR S TEERRE R B s 2] 23 2%+ ha

= (Panel) » I #-if R 47 B> B8 GBI (Fo sz P wh EFA T 2 WAz o



B e flfr AR E RS dn FEGRR IC TR - F 2T

N

ek 2 SR DRE T 0 DPENERA T 3 0 L RG

100% -

2.2 TFT-LCD #li¢ § 247 b < ¢

2 TFT-LCD Wi FaLenfp 2 jt > 127 2 58 3 > ¥ - i 5 hHpe
WAL 22y a5 FRFEARRBRI LR 2my -

AR Y ARG 2R A &gk 2N RE(3] - 1
FR2]2 RAEME] eits gy e F Rl REAFSFEEE  F 3 g
BEF oA AR APIRIERZ 6 o RGP B3] PER[2]2 22 R[5]=
Eu?/]% » A B TR e

B HgAEE W E PR A ch B o 1 6 [3]3k 0 A Fw 2 (Genetic
algorithm, GA) % #-#% 12 X ;2 (Simulated Annealing, SA)z¥ & 2 I fie 07 2 o 3587
TEREAYT 1 BEIE KR % FF Nt ™l 3 &t e
Fh#E @ AHE - e 55 kB TFT + ® ok B CF 4 ® 0 2 15 s hl
(Linear Programming, LP) }f& - 3P R Arfedfend & j2 o 2287 3 7  sfget @
TR e d o A e e R R

SREAFRHLE 0 ARt W TR A S PREQE
7 Fldp it R fE S ety AR 168 B Fo % 2 % (Heuristic Methods) & -2 p &+
W A A (A ST R)E § R+ B 1 TR T A (R TR > B 0
B iR B LR o AT T B AT AR B H LS 0 A 0 A RfER

FReH MR AERE ZFY BRERERGIFERN - 2k G fE T

Fof BB IR BSE o

»fe & TFT-LCD @ 312 & chirit > 2 2 R [S]3 B A FRes sV B2 ok
R8I RAL > AT D R 1 Foa 3N fRi2 G 7 K2 P00 8 A R AZ (input

sequencing problem) » T 5 = R £ 4% = (assembly machine) {1 * I & 5 e fiTE 4p



o Tt 1 L A TR B E i el KRB FARP P AR @ chAd 1D B (output
sequencing problem) » pt A FETFE N2 P FE LR BB ITEZ TR 2 50T
¥ UMM RELR e 2 W Ar s g o e

FH T RRTAR 0 S AT R 3 R[S]8 L ERE L R KB TR
W AR AR EERAL il B FP AP LA R -
Ll T

ik .3)/% (Dynamic Programming, DP) 2 s £ 3 % R [S]eF= 7 ¢ > & * fagf 5\ 2

~



%23 Fip

F’_*

% - 38 4_p &+ ™ eh A 18 B (output sequence, [

=
=
he
A
P
I
-
fﬂ
\
NS
[
T

VIE R it @ pe AR o @ % Z JE R AP

SRR IR AT RN S SR EARYTRY ¥
R C3> C4> C2> Clo bft & I A T cht @ e 4B Mysy o 2 42 5 535
*HBHE 2(p=2) FPEE R F g R L (T1L,m)=> (T2, T4)-> (T1,

T2)>..>(T3,T4), mik £ 42 5 i » 31 g+ @ -

LPNE 4
‘ Output Sequence: C3> C4-> C2-> Cl1
— AR FH Lok R
— A B A TFT 1 TFT 2 TFT 3 TFT 4
/ﬁ\ 1 CF3 1 0 0 0
2 CF 4 0 1 0 1
m@m 3 CF2 1 1 1 0
4 CF1 1 1 1 1

B3l =555

AR R 2 AR AR 8 B4 i 2 80 4] 2 4] (Dynamic Programming, DP)
oA B AT e R kA w B e 2 UE R > 5 0 Y (28 A 3
- AR T A 4 B ARG 3K AL — 5 2 R 48 (Traveling Salesman
Problem, TSP) -

TSP 3 6 BRG]k AR M BT RS- %74 50 1 F Wl g ola
Aok ? L AEBLEIBST R ERRS KR RS AR K) ) R -
A i N e RE SR A K BB FE £ (stage) 0 AP e Y AT BB T (arca) 0 &
PRBe® 3% 5k fi(state) » R AER Y T § TS 0 8 (7K Ak 7 ek |
Lo BB B ] BB R T - RIS P EBL L

9



Bl 32 B OI0p TSP 4t e (7KK A B I3 > B BEL J55 o %ig § Lie
BEF o R BREFRE RS FIRBS 0 AR LR BT EER
Syk s ok T TR T AR A Bl R DB R i+] hiEseY o ERT -

BED LSS > B FEED 5L o

stage 1 stage 2 stage 3 stage 4
(area 1) (area 2) (area 3) (area 4)

B 3.2 52 A6 R

AL AT BRSNS RO R R K AL bR
SRESE RS ST XIS R S U W

10



2 > > >
EH i Y S

AT AR AR AERRE N B R Tt AR & F B AR O R R R

o

i+ f#z\l # 15 23] #-7] (Dynamic Programming Model) » FE TR oo A AR
P B R R AR S R e R kR S 2 F A

;})V; )N “lé,-}‘ef’ °

4.1 3= ﬁ'i‘ N ER
PR ER KA AR R R BT L L8 BINA
B FRA A N R R E 2o AR AR ¢ 70 [ e (stage), SR i (state),
= (batch), @ z & 7 ff9uE = 1% i Stage Modeling, State Modeling {= Batch
Modeling = B e k== 5 @ % = 04 5 Sespde it 54 > {1* State Deployment
Bredh 27 R Fayk i EFI0F & 5 = B S BRFakE p S0
FH L S R o 0T 2 A ik F ¥ Stage Modeling, State Modeling, Batch

Modeling §= State Deployment = - 38 7 4 & o

Stage Modeling
—» AR LAl —>  State Modeling

3E f#_DP B B2 Batch Modeling

1 e B2 07|  —— State Deployment

] 4.1 2% 4§ DP % 5/ 42 ]

11



B EBEHTE
ESEE
N: CF/TFT + ®= g%,
n: CF/TFT + ® } chk 47 8 8k
My =[mij], ¥+ ®etEL, 1<i =N, 1< j =N
pr B AL~ HehiR i
P ADEREP PR Y p Rt ®
Member(Ki): B #+ ™ Kich¢ f+ ™ & &

Qi: Member(Kiy)#r¢ 7 e~ % Bk

RHT K

Stage_i: FFE i, 1=1 =N

seQij wlrfci® Gk BER»"ER) ), 1= j =5(i)
s(i): FEE i P ek i B B

Bejk 1t Seqij ® 1% Kk @4v=t, 1= k Zh(i)

b(i): AFrEi ¥ ax B i sre 7 =t Bk

4.1.1 Stage Modeling

Stage Modeling £4& = A A g 28 en% — 3 > B p enfaE 2 Dipged o
7 er B Stage_i, ISI=N &g 32 ¢ o FF B i(stage D EApic A 1P R+ @
Ki 75 35 » "8 B (state) 75 = ek & F]PL FFEC T 7 & o1 = Stage_i = {seq; j| 1=
j <s(i)}, B 42 % o) CF/TFT + ™ % s 4> & 408 A 5 (C3,C4,C2,Cl1}, 7
PR E Fow B REE B B p=2 (iR T P B+ ® Ky(Ks =C2)it 7 Stage
Modeling » 1+ ¥ Stage_i = {s€ds1, S€03 2, S€Q33} * H ¥ seds =(T1, T2)> (T3, m),
seqs=(T1, T3)> (T2, m), 5€q33=(T2, T3)> (T1,m) > mi* £ £ & ﬁkﬁi;—l b ER

+m o F T @R R 3RS 3 B EA(State) B £ 0 AR AN P

12



WKy 2 =87 gk 2 9 5 (state) ¥ EiEHE o

A 4 - TFT 1 TFT 2 TFT 3 TFT 4
1 CF 3 1 0 0 0
2 CF 4 0 1 0 1
3 CF 2 1 1 1 0
4 CF1 1 1 1 1
p=2

Bl 42 feited

Stage Modeling 1 & 1 f &8 5 & fs RFIPEEEH N TG Pl b o e P Jp
SRR BREEA Y ¢ e i B B s(i), | = | =N Stage Modeling ™1 Q; % % 3+ &
S() ey » T > @ Qe B 45 1 i~ S B Hep SR T A A - %5 Q=p*
Qitri, 13 ENY Qe ET A XA i s 2

FiE- Fq>0, Bl
s(i)=CJ-C:P...C0" -1=ﬁcgi-"p 1
=0
Sk s qis0, Bl
s(i)y=1
VLRI A2 5] A BE R AR WK, Ky, Ks, Ky i {7 Stage Modeling » #718 5 %5 %

» C(DK=C3, Fls Q= 1= 2, #rr e fl* =% = FRk G B ak, £E s(D)=15(2)
Ko=C4, 15 Q=2=2, #rriJigf* 3 2 - 5k ik B> £EF s(2=C}-1=1; (3)
Ks=C2, F15 Qa=3=2, #r i s fl* =2 - fk s B> £ s(3)=C; 1=3;

A K=Cl, F1% Q=4=2, “til A% = 2 — Sk Bl £F
S(4)=C;-CJ-1=6 {34511 F #r @ P enss & » 7 @ F4eoB] 4.3 ek h e i 2 bk
A5 B P PFEC0 & FFECS G OB IRIS B (virtual stage) > A B GG A= Bher o gE > H 4
R AERE ALY R BB 1 BB 2 R B 1 A3 R

13



GRS 3 MR 4T RERES 6

Virtual stage Virtual stage
stage 0 stage / stage 2 stage 3 stage 4 stage 5

% %
Q Q
Q Q
X B
2 N

B 43 Fe 5 % 485

4.1.2 State Modeling

State Modeling = Li‘*}ﬁz’%j\%}&&%ﬁﬂfa?: -}55}? » B P enEaE s AP i
M Ak (state) seQij, =1 =N, 1= J=s(i)> &85 P > AfFfci @ ok fi(state) 2
dpie A2 PR ™ Keh r 5 A > B d DB frfp~> 2 H- e 3K
PiRE R+ ™ Tt APAE I R T &7 & se0ij= Baji~> Bajz>. .-~ Bejniy
F_d b(i) B+ = 97 2 & et = B 7 (batch sequence) ; M Bl 42 ¢ B+ ® Ky i
W BB R BEP=2 NRT IR 3 E 50 3BRE 0 A 85 seqa=(T1,
T2)=> (T3, m), se0s,=(T1, T3)=> (T2, m), s€Gs5=(T2, T3)> (T1, m) - W% 2 4 A
*EptaaEmtwod PETESARE3? 3 BRAEES 2 BRI eS
=X B 7| o

State Modeling 1 & ¢np ehd 5 & i RFIREEH N EFFE Y 975 TR & o
HEBATE NP cht BAREY & o= B D(i), ISi<N ; State

Modeling ™ Q; iF 5 3+ & b(i)fﬁﬁig?l TR A Qifri R st ﬁig?l B BHcp Pl
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FAA A RN QEprgitn, fIRESY g racE T A= i 8 b()

E- T FEQ>0&ri=0, Pl b(i)=q;
EZ 12 gi>0&ri>0, B b(i)=0qitl
= 1 E0=0, Rl b(i)=1
TIB 42 5 A e R+ ™ Ky, Ky, Ks, Ky 32 7 State Modeling #7{% 5] & % & ¢
(1) Ki=C3, F14 qu=0, #rr2 5f]* > 2 = fx e, £9 b(D)=1;
(2) Ks=C4, F1% q=1>0& =0, A" = % - F3+ = B> £ bQ2)=q2=1;
(3)Ka=C2, F1% Qa=1>0& ra=1, &4 * = & - F+ = B B £F b3)=qs+ 1=2;
A K=Cl, F1% qu=2>0&ry=0 &F]* = 2 - £+ Bl K8 bd)=qs=2 -
i = State Modeling {8 » 7 HR A M REFER & 7 PR R E
EBHREY T G Bl RS R A A AR R F N R i
Moo b E i) o & Bk AT e § i oS R 5 b() 0 Tt fbE TP

AR T o & 508e0ij=Bij12 Bap22 -2 Biijoa), b(i) 5 =% T #ic o

4.1.3 Batch Modeling

Batch Modeling 52 2k & e e ihd (8 — B 30 > P enilad = gt @ cher

FoARREPN e 7= Bjk =1 =N, 1= ] =5(i), 1 = k =b(i) ; Batch Modeling
1 & FEE A A 0w S8 E P42 A (Random Select without Replacement

A
Procedure) % & # — f# fi N 7 4= B 5] 0 %425 12 Member(Ki) % 5 3 $#
o2 5 Qi=p*q+ri &7 b)) LA T EPED > b F N E B
oA MN cng B+ W Bai St D BERER D B WAL - B
PPt G- = et = (filled batch) 0 -+ R B o) 3t po RIEB-FlR B §
Bob (e i endos— B4 0 PIR S 5 - 3 % A = (unfilled batch) » 5
WAL A TR TN RN G A A NIRRT P SRR & o

%% = Batch Modeling & » if ¥ 7RI A A P 740 ¢ 7 7 FF B ks Y
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2R IRATE Z et Bl 4.2 5 6 CF/TFT + ™ Bk 40 2 IV R L {C3,
C4, C2,Cl}, ‘5 Stage Modeling, State Modeling, # Batch Modeling {¢ > ¥ ¥ ¥
AR FRACR A4S rm o B e g B RRE LG - BRGE O FER2T
- BREFFE3F = Bk FEE 4 ¢ > Bk AL @ 5B Batch Modeling 4 >

LRGP o B 4o B 43 SR

Virtual stage Virtual stage
stage 0 stage / stage 2 stage 3 stage 4 stage 5

Seqq,

T1, T2 T3, T4

Seqs, I
4.2

T1, T2 T1, T3

Seqys

T2, T4

Seq,, Seq;, Seqs 2

Start 11, [l 12, [l

Seq; 5

)1 M| ) | ses

T2, T4

T1, T4 T2, T3
Finish
Seqy4

T2, T3 T1, T4

T1, T3

Seqqs

T3, T4 T1, T2

4.4 2 h 4 5a %

-

FIpA R RRERE ZATEPTI- B0 k- FFEY R B

FenEfi o m a?d FalFERF O FREFTALZNT /A7 Faef > 1 Qi=p*qit

212

it & 58 s 2w ik gy

FT

ER- CF>0&=0, PIRER D g B RO

BEZIFG>0&G>0, Rlzzkid itz 1 B3 2 Bape=x
AThE R

BREZ D E =0, Plb@) =1 Pl iEd 1 B3 2 it A

R 4.2 2 fedtae 4 3y~ TR e p=2 FRT oA BRI P R W Ky, Ky, Ks, Ky
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it (7 Batch Modeling {4 » & FFECp aubk i5 2 85 25 ¢

(1) Fefc 1, Q=1=2*%0+1,0:=0, F]*

B e A

(2) FEE2,Q=2=2%1+0, =1, =0,

(3) B 3,Q3=3=2*%1+1,0s=1, r:=1,

Ji

(4) BB 4, Qi 4=2% 240, Gu= 2, 1= 0, FISFEfe 4 ] 2 i fii— o = |

ER L SR

It

PEE TP 2k iR R

rd - BA

FIPPE L 2 N 2 R R R - ol —

FIPE L3 N 2 R R s ol —

B R - R R e

EI 2% 0 B 44 BB YeT AT

g g TFT 1 TFT 2 TFT 3 TFT 4
1 CF 3 1 O 0 0
2 CF 4 0 1 0 1
3 CF 2 1 1 1 0
4 CF1 1 1 1 1
p=2
o MEEX1x HKAE [ 4B AE3 e MEEX3x HKAE [ 4B RED2
o MEEX2x HKARE @ 4R AE] o [MLEXAx K AE @ #ARE]

B 45 ki e

4.1.4 State Deployment

i &) B

£ i Stage Modeling, State Modeling # Batch Modeling = i # 3¢ > ¥ 7 3] &

R AR T S ARG 27 el 4] 45 40 0 A u] 5

‘e AL — o4k

fi3od it
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% = ‘ Lt = o N JVE w7
5 . &) 9 [ B ,I_.m. o
K% = © ) 1 RS
.- =) N = 2 = 9 &
N = < 3 3 AT k\ =
nm. u\J H = & ABM <=l o ‘FC
[N aw .m.; ~ e
5 O O O ® m ® BT e
+ " - * )
; O O | Fle 9 gom ¥ %
;3\ o = Lm =+ ) .MJH um
> A " '
2 < b AT ol
3 f f & &0 g o= W
N =g o
@ O O SR o
1 - - kW oK
N o
< | 1 1O O | Soww oL %
_ R — 8 ) S U g < W3
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C(\'ﬂ'
I
[ ]
‘f_:%\
G
(11

o % AE

(OOop(0OpF-~Onm

State D‘)yment State D‘)yment

CIDZCIo) SR CTe)

O

(€9r(©9)~(c9)

iz ey i A - 7 % Bt i State Deployment #-le 0 o5

S

=
F
=
-
g
&

-
ik

Ce Rk R E R L - BR IR G - BREMOKRE S
TP > 2 AR AL 3 REGP TR S By, State Deployment #-2 4 B,
BEELEGD N E FL By T E B 3 973 o AR T S AR
- tE BRI voI=], RAREFEE GFRAMREEL o
B, E By R s>, BlEAE e

A

deb i T AR By AR LD L T FREFER S F D

v

W& H B E T eh By 7 £ 2 1Y State Deployment e iy » FAL SRR 0-1
Pog - BRAETNE s(-1) B Y hdcts - B3 B j) b, 1=j=8(0-1), & 4
¥_% % B¢ State Deployment H- 2 % & B A B P $HEF ™ o K B P

FAk o AR ATEP R By, BT E (S o R EED €% R Rasy()B o A B

e
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Procedure State_Deployment_for Case3(By, B, Sq(i), Br)

B={ujf 1= i=r} [FByAd ri ¥ ®m Ak £ ¥
Bi={fil=j=q} [*Be A d q B+ ™AL hfk £, 9= p¥/

By= Bi—Buy, N(Bg) =d [¥Bg & Bifr ByenL & &%/
ifd = (p—ri),
Select the d cassettes of By to fill the vacant position in B, to form B;
Number of states deployed Sq(i)= 1;
Else ifd > (p—rj),
Random select (p —r;) cassettes from By to fill the vacant position in B, to form
Br;

d]}
p-f >

Number of states deployed s4(i1)=C
End if
%’gﬁ State Deployment 7% & » & A& 30 e g = el fE @3B0, =1, B

3SR B R o o B 4705

o W B A i= 1

A HURF TFT1 TFT2 TFT3  TFT4
1 | er3 | 1 [ o | o | o p=2

T, W ‘ T, W

FRALEEZ ARG R LD, BIEE T R o £ so(i) B ATR
o doT B 4.8 AT
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o FH— B ML i> 1

mlfd=(p-r)
IR TFT1 TFT2 TFT3 TFT4 TFTS
1 CF3 o 0 0 1 0 =3 r=1
2 CF 5 0 1 1 0 0 p > 2
B, Ae M52
BA{T4},d=1= (p-r,) T2, 13, » T2, T3, T4

mlfd>(p-r)

TFT3 TFT4 TFTS

& B EA TFT1 TFT:2
1 CF3 0 0 1 1 1 — 3 7 :1
2 CF5 0 1 1 0 0 p > 2
T2, T3, T4
B e PE 2
B (T4, TS}, d=2>@2ry) | | 7273, M »
T2, T3, T5

G?r

Bl 49 iz 2 {752 K€ 26 B

©

B LIRSV S e S R S A I T

Dt

KA

[¢

SOHNMTERP > EABEE- B REAMITERE BB Bt ® 2

(p-ri)® % 4 ; State Deployment #-e 1 p hf 5 #-B, € 2= 5 % et B,
SEEERE-wR kR Lo I Bl gk o

§ = ek g iE 7 £ % > State Deployment %i.ffﬂﬁ?ﬁ%l A N

Y

¢ Byw - BREF By By e 7 p B+ ™ o State Deployment #-k e B 18 A
JEBg? P EM-r)BF @ > IR By P a0 AR Rt By, (7

Tatd  REEkD ¢8R ks o FEZP FHRP 40T

Procedure State_Deployment_for Case2(B,, By, Sd(i), Br)

B= (U 1= i< 1) S4By B 1 B m AL chl A%

By={gjl1=j= p} /5By Ed p B+ ™A, chf &%
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Random select (p—r;) cassettes from By to fill the vacant position in B, to form By;
Number of states deployed sq(i)=C_ o
% 1 State Deployment #-e uf & » o A B30 fe = a0 iR 1L ehfg
Bt €8 sy)BATRMG » 2 AR ST R P e d 0 dof)

49 917 > FFE 3P BT 3B R F BRESY - BREFTE - B

P REPI G EA g R FE RS - RET £RL L CP =C) =2

BRE TR AN BRESE B 2 6 BATRE > ¥ & Bfiod 3
fl; %gm#b" m_rzg,;\, °
& A TFT1 TFT2 TFT3 TFT 4
1 CF3 1 0 0 0
2 CF 4 0 1 0 1
3 CF2 1 1 1 0
4 CF1 1 1 1 1 p=2

o HMEINKERITEA

T1,12 )| T3, W = {13 ‘ Tl T2 T3 T1 T1, 12 }»( T3, T2
LT

T1,T3 }» T2, | B.= {12} ‘ T1,T3 }+( T2, T1 T1,T3 }>( T2, T3
B=1{T1, T3}

T2, T3 T1, W ={T1} » T2 T3 T1 T2 T2, T3 T1, T3
= {T2, T3}

% 5 i Stage Modeling, State Modeling {= Batch Modeling = #1524 ¥ {7

FIZAA N RRFEH > 4oFl 43 977 0 2 {5 £ & State Deployment #-e & {7 7% & £ >

Penf A RAbpRe 2 2Fapadedi- B 5 BEap=i L Th
Ao frez Rk EEF T AR B - R E T REBEKED R



Al BHES DL sg()BF > AT B 41097 0 BRAAIFER LY R AT A R(F
Tl ZaFhRihefl whAABEPFER3 P 53 B2k Gk il 0 516 State
Deployment fice cnd 28 > 5 6 Blej— ayfkiy > A5 - B2 e

4 o A7 % B 5 iE Stage Modeling, State Modeling, Batch Modeling {- State

Seqe Sedso

T1, T2

Deployment i 47 > ¥ 17 31| = B el i 28 Jf# s T fS M de AL ALY Fefz oo
Virtual stage Virtual stage
stage 0 stage 1 stage 2 stage 3 stage 4 stage 5
Seqs. Seda,
Seqs, Seds,z
s S Seds s Selss
P pe GOEED
T1, T3 T2, T1 T1, T4 T2, T3
ey ED-ED) | @EED) |
Sedsq Sedya
Sedss Sedss

B 401 % ek A B i 2 4

4.2 #

G

US| Dl NP

" R
P A

Tur #-§ B+ @ 0403 B0 TR & R
To: #-§ B+ @ iy » Bt or g & chopr i
To: #50B—- BAF T E & iy

Timit THFEZREWP S NTEFHEFR
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=Rl S
S_CoSt(Seqi-1 k, S€Qij): +* B $ 1145 » 8 B (SeQiy k, SEQij) B & = & P R+ ® K #f

e R
TS _Costij: #5487 % ~ "5 seqij, =+ P %+ ™ K g
W_Costij: 3% » "B F seqj it B i+ (T L hpE A A
I_Cost(Seq;-1,k, S€Qij): = 4% » "8 B % & (Sedi-1,k, S€Qij) X & B #78 4 cpF i & A&
DStream_Cost; j: #: B 4841 % 4 » "8 B seqij, T A5 o 2 2 p B+ K hpE R
Delay(seqi1, k, S€Qij): T #5e > REW LS EHF P EF ® Kiorg 4 chff § pr iy

TDelay j; Tr5e > BRe# 3 23 £+ @ KA e LT

RPor MR AR A R R R R AL I B RRIT 2
i RfE AR enE BEA S 4 43 A (branch cost) © £ RKfEE E B B A
FrER AR eE > G NEREAREEN G AT R [

BAFT G AL Ak S A gy e B E R PR -1 gk » B R G R )segik, £

*ORE BT A AR IR )Seij, EietRiNS B~ A B E T Ar e A p R
K Ad s 2 TERE SIFE D A 4 5 B pFR (Delay Time) o 4p i3t 2L 4]
e G RGIEA—5 B RA A S AR AN ERES R -] s KB D
B R iaus T Tt Kol D J 2 Bekic £ A -

FERPVE AT RS A AP IR AE NE - PRt o
* T R S_Cost(sediy, i, Sedif) (AT =~ &) > 2T X FRF e 213 BEF
Ao B EH - LR AR TR 2 & W_Costjj (Within Cost,
FEP R A) S AR A 4 apE S A (Interface Cost, f #2476 =
R)> PR ALRAEPN A P TRERMF L OERF A A AR 2 AR
AR NER B EETE A PPEFER S A Ao T B 411 o 0 BEF PR
?OHH N I B Seigk, £ iEF FREC T S~ BB seqij, P B+ ® KiehitE A AL

PRI Abe PG A A PR RS Ba,j1 B4~ - 2 B(i,j),b(i):@‘ﬁ"\?\ » B @ b(i) B
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AT TRERNTEF DTSR D G S ARG BikbinF Baj D =
FTREBATES R A A T RPN AT TR e AR

R A A

Stage i-1 Stage i

— — — — — e— e,

———-—— \_—.——

I & A ER S
TrEmAs + AFRE = FERE

B 4.12 (F% & &7 2 B

421 pI/E AL E B

AR o PR R SRR R P LT R T 4 R S A T 3R
S oA E R PR e sedij= Bija Bajz> ... Bje » > FALES
EE APk R P B B D)7 A S A A%
Ha,- tEbliy=1, BIPFWE AT F 3Bn BAFSERFN*T,
H252 1 F b(@)> 1, Bl * p RpF R 2+ 8 42 B (Procedure Compute_Within_Cost)

BiFEY

Procedure Compute_Within_Cost(seq;;, W_Cost;;)

Set seqij = B1=> By>...2 By

N (BjN Bj:1) =z

/*7j: Bj v Bjay @ $ X dE G AZY 0 3 F R RS et @ B Y/

b(i)-1

W _Cost; =n*T + > (T,+T,)-(p-2))

j=1
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422 fid = A EfCe

R EE BRI RS PSR el £ Rk E s R I
F AT By i, 1 = K= s(i-1), fr Bgjo 1= j=s(i) 5 8 » T
FE o WP EAEBiy iy & s B, @ Bij1Ea&EE B, B A A
PEREY U F S Bofr Be A P BT o s w7 A T
- IBeh REPA&Be 5 R o BIR Y g BFRE 25 - (Procedure
Compute_Interface_Cost_1)
A2 1Bsh REPT&Be E A R 0 MR BT
B2 Bsa ? R EPHT&Beod REF TR R 5 RS 425 - (Procedure
Compute_Interface Cost_2)
BHaw (B i 7 REPA&Be 2 A R BP > Pl Aa BT E AR -
(Procedure Compute_Interface_Cost 2)
Rt FHm - g o BRI ERAE- EFEE A F =22 e
P AGRERFPERE S RFES P A AAAYREEY L SR R
FlA R EHERY 2 g5 e tRDP B 2 g A e U o T
PHAGERIIRE- 2 REE - EFAE
Procedure Compute_Interface_Cost_1(Bs, Be, |_Cost(seq;.1, k, S€d;))
N (BsN Be) = ho
[*No: Bsfr Be & X @3k Az? > 7 F R P AP o cht @ By

I_Cost(Seq-1,k, sedij)= (Tu+ Ta) * (p—ho)

Procedure Compute_Interface_Cost_2(Bs, Be, I_Cost(seq;.1, , Sed;i;))
N (BsN Be) + N (vacant position in Be)= hg
[*ho: Bsfr Be & =t i i A2 " > 3 F RGP R ari et @ gt/

N (vacant position in Be) — N (vacant position in Bs) = h;
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[*hy: Byfr Be & 4 B AEY 0 WF R 1 I PR et ® B

I_Cost(seqi.1, k, Sedij)= (Tu+ Ta) * (p—ho—hy) + Ty* hy

413 FEFEFREE

Ed PP MA AT E R eIl S A E R et T @ ITE LA
S _Cost(sedi1,k, S€qij) * » TP E T HEB L EF P EF W K ArgE A o B R
Delay(sedi,k, S€Qij) * & * % A A% - TN KL AP A D P T = K ps
2t TS_Cost; j= TS_Costi.ix+ S_Cost(seqi-1, k, Se0ij), ¥ P& fI* ¥ - &34 kg™
P REW SR PR+ @ K apF 2k DStream_Cost; j= DStream_Costi. x+
Trimit + Delay(seqi.1, k, Sedij), 4ot # @ BT 2 5 ZE P+ ® K27 4 o §
P ¥ Delay(seqi.1 k, Seqij)= {TS_Cost j—DStream_Costij k, 0} » 5d r2 F i@ ¥ >

v EPIF R PR Delay(seqig k, Sedij) M B R 5 AB L ARFIHA| P s s Ao

*E AL RFE S 2 Aol A1 5 B R RE R fE S @ 3 B T (shortest path)iB A2 5F
o B Z FBERGIBAN P 0 AR TR SR EFP RS w KRR
7 Delay(seqi-1, k, S€qij) *» L FfE R BR B TI s N B+ ™ 5 25|
AT B A A RS PR E AL H AR A B 2 B R
LRI R ISR B RBELE RIS BE o

A AR R BB E T A ST RR
TDeIayjj =min{TDelay; ,, + Delay(seq, ,,,seq; ;)},1< j<s(i)
FAs ke B LT R PR NS b ek R a8 B 0 k% 7 93] TDelay,

.. TDelay,
j =Ny b e 2 BT e 2 4 5 % &5 Utilization=1- : °
DStream _ Cost,, ;
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A

1% F bkE
RE 0200 B 1 RFENR ORI KA A B eh 25 A R o LSt
i * enF "k 48 £_ AMD Athlon (TM) SP 2200+ 1.5GHz 1GB DDRAM - i 12

Microsoft Visual C++3£ 8 /& & /2 g 30

51 F# %J S Sl
R Gl ok L EA AR R T E S en g % TFT 2 CF+ ™ 4
UNZT o ZRBF®AF BEI N 5B RAF D5 F B #Ec2 panel 457 o CF
B T35 5 90% » TFT fhdrenT3ad 2 85% » & H 488 = 38 58 4 fie
(Binomial Distribution) °
BARPB 7 - FHFIR p BN E - BEDE ARGRHT B
Wi p=1>2:324>5 AP Te: TEE XA BFwOEF L TA
4> TFT + ™ 1 Uat re PR B nps Ff L ZARS0 T e 2 0k > 2t
BT R kw4 pE 0.05T o ARV RS B B ER R ¥ g
B SRR 2 23 R[S]HE N FI R R
ARG LB L 0 L AE T 32 R[5]908 B en FlEoE S &

ﬁ;’ls;’;\', f |J15 ;ﬁﬁ,{limg»llnlgj;,]jwlS II;B%%—-F@‘E]g»IIM};F%

Pa-=-1p4

TR B L ARTE 2k KRR TR AL 15 B R Gk g e Rl L £

52 %45

T &S5 HE g R L 0.05T iR S o M S licek 7 B

P
&l;

Z4 A FA5m 320 A P ARHCE  #B(Generation)s LCD iy 0 ALF * I KT

+ R e s EFERagnt s it EX % 5 0050
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% 5.1

H okt m R L 0.05T colhe s %

rE G

1 89.9% 96.2% 100.0% 3.8%

N=10 2 91.2% 95.9% 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% 94.5% 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%

1 88.5% 92.8% 100.0% 7.2%

N=10 2 89.1% 92.6% 100.0% 7.4%
n=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% 98.3% 100.0% 1.7%

N=15 2 92.6% 98.2% 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% 95.3% 100.0% 4.7%
n=20 3 92.7% 95.5% 100.0% 4.5%
panel=12 4 93.1% 95.8% 100.0% 4.2%
5 92.9% 95.5% 100.0% 4.5%

1 93.1% 94.4% 100.0% 5.6%

N=15 2 92.5% 94.2% 100.0% 5.8%
n=20 3 91.6% 94.2% 100.0% 5.8%
panel=30 4 90.9% 94.3% 100.0% 5.7%
5 91.4% 94.4% 100.0% 5.6%

N=20 1 94.9% 98.5% 100.0% 1.5%
n=20 2 95.1% 98.5% 100.0% 1.5%
panel=6 3 95.7% 98.4% 100.0% 1.6%
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4 95.5% 98.3% 100.0% 1.7%

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%
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) = A R

g rided 5.180R 0 kod § 8.3%:eTiE tRR o
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S FEEE ALY

<l o AR R A R

e 3 ef 718

EE V@ A7 2 A S TFT-LCD 4 A |5 ¢

=3 AR
] S 0.05 sl

* gf’)%\ IR, TR
E3 =

B Ae T4 ) F %

i ER=TEE SERS RIESSS
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