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Building the Scheduling Mechanism for Contiguous Batching
Operations — A Case Study of TFT-LCD Cell Assembly Process

Student : Sung-Hsiang Chen Advisor: Dr. Shu-Hsing Chung
Department of Industrial Engineering and Management

National Chiao Tung University

Abstract

The three main manufacturing process of Thin Film Transistor — Liquid
Crystal Display (TFT-LCD) are TFT Array process, Cell Assembly process and
Module Assembly process. The Cell Assembly process includes several batch
workstations; and the panel cannot wait too long without being processed after
leaving the previous batch workstation. Previous researches and papers only
consider the scheduling problems for single=stage with multiple-machines or
for two-stages each with single-machine:'Seldom scholars take into account the
multiple-stage multiple-machine scheduling problem that exists in the cell
assembly process. In view of"this complex problem, we build the scheduling
mechanism for contiguous batching operations by developing a mixed integer
programming model and a heuristic rule which considers the waiting time
constraint between workstations and the setup time minimization of bottleneck

workstation.

The proposed scheduling mechanism contains three modules: demand
planning module, mixed integer programming (MIP) module, and heuristic rule
module. First of all, the demand planning module approximates the arriving
time of jobs to the first batch workstation. We set a new planning time unit to
reduce the problem solving time. Secondly, we calculate the maximum
available capacity during each planning period in the capacity evaluation
module. In this module, the maximum available setup times is calculated for
each workstation in order to recognize the bottleneck batch workstation. Then

the mixed integer programming (MIP) module and the heuristic rule are built to
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set the detail schedule for contiguous batching operations considering the
maximum lot sizing of each batch workstation and the waiting time constraint
between two consecutive operations. The objective of this MIP model is to
satisfy the throughput target and to minimize the total setup times of bottleneck
workstation. For the sake of solving the real world cases rapidly, the heuristic
rule is developed based on the concept of Theory of Constraint. The heuristic
rule adopts full batch size policy to set the bottleneck workstation’s schedule so

as to minimize the total setup time.

Experimental result shows that the complexity of the scheduling problem
is reduced by the new time unit, thus the time for solution deriving is shorten.
Also, the MIP model can derive an optimal solution satisfying the waiting time
constraint between workstations and the total setup time minimization. Finally,
the heuristic rule can search out a feasible solution only in several seconds, and
it enlarges the application range-in this way. However, it may derive a schedule

with more total setup times than the solution:of MIP model.

Keywords : TFT-LCD, Batch-“scheduling problem, mixed integer

programming.
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11. 4t~ (End Seal)

Er RS EERC BT O U R &R AR 2-3 7T o
A

SR BRHP S RENHP 0 BT R S Y

ITOE

i
Bl2- 3 idwm it [1]

12. #tr 8% (After End-Seal Cleaning )

B fats 0 FHLCDAF B3t fh p i 7o kiRiE ~ A2 e E
BERREA IR AR F N R R WA
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13. = =+ x5 % (2" Scribe & Break)

7a|e R 2 TFT-LCD X #75% ¢h® ~f » T #-& pbg5pds IC eng

*ﬁf’} oo

14. i %45 pk%¢ (Polarizer Attachment )
BipZ 4 L RDBEPRELALCD G Ta G o dopt 2T % 5

k57 B 5 4 (Panel) 9= 5 > 4ol 2-4 #57 o

LCDH#R
ETRES
‘ FERRO0E

TR %Ay Pk (3]

15. ¥ & (Cell Test)

Hdem 5 5 B # R (Cell Gap Measurement ) » ¢+t % off line 8 5 » P
AR B ER LA RAFERBFOER > 1T T3 OK/NG &

M

UL RN



2‘#iﬁﬁﬁﬁw%wwéﬁ

221 -+ E Qe At 482 4 5

FEURIARS ERA LB Y WP R AT LS ERE
PERF o 2 TR AR A DR FPh e § RS B K AR A R A
BITRERFET » R E A e SR E R P RSdk o R
fRiz< T A A BAPR o 00T EHRPN HE F o e B WAr AR AT

- w2 /n\Lk\F‘

()

2211~ xR EHL
fERHE AT N2 BB E > ART A LA AW 5E[9]:
€ 7 5EP 47 4;% (Family scheduling model)
¢ i F 5 H3% (Batchsmachingimodel)

FEREES A ph 12 ARV R R UEEEA L S BAS
o R G AR A 5% Ay o PFie » 3§ % 5a2 7 4c1 5 64 TFT-LCD
Cell #lA2 ¢ e S it Az SR P RS 130k ¢ < 5 4 o A %4
PRS2 AR F 0T S E9]

> AfA KBTI SR
> PEP oy HFRT SR AR
> FEW S EII AR 2R F_o

PEBSES LA A5 L AT F D Ao S
o B G LT SB[

> PEH ‘_:. H 7 arﬁ'ﬁ@'ﬁ v Ao 4 B r*r:] iﬁ‘f”{gfﬁ °
> EA SRR A RA AR

> PEB L AHIPFRLFAI 1B GGIFER R B blird 2
AT B D41 HAr IR A S E 122 30 pF s Bz
e L PEER R 3 PBF
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2212~ BERPILL K

PR AR AR T A RN - B B e
RRREY ¥ R PR - AP AR BTN HE o

Wy R QAR 2 HET* alBly kK& T[12] aZ o
S B A AL A UH 0 Ay Bl A RATR g R
E“hp ’f%—\zl'rﬁ,("

B - Y T HE M g L IET A G
> H #(Single machine)# € #% ~ » A& B 5.5 (]) -
>  H»cT 73 £ 5 (Identically Batching Parallel Machine) » # % 55 %

P,

~

> ZEE T 73§ % 5 (Nonsidentically Batching Parallel Machine) > i %
FEE(0))

> EAPBET 742 18 o (Untelated Batching Parallel Machine) > % % {# 5

=(R,)

» A2 A) 3 £ 1 Fu(Flow Shop with Batching Machine) » % % 55 2 (I5m )

> %143 £ 1 f(Job Shop with Batching Machine) » % £ # % % (J )
> E 423 £ 1 B (Flexible Flow Shop with Batching Machine) -

% {#5L5 (FF,)

Ba7#rd et ARGHPIZ U > 1T LR A RENE s

> o REALIEJORFERL 0 1 E AT ARI RS R o

> d A1 BERBZPHUD, M d, =d N AT h3 F2 B
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xq»ébf. d -

-

> S . IA“'{\F\: %\j/}—;

g

P AP % 23K
BB R R ERER S, AP
» prmp PR EAP\ Lz 123 R
AARRE B2 1 kI g
1 'T‘ EARAFRFZ IR AN I BHE LA - K o
Y A2 E A S MAETEE RO P RE 0 T F BB P RE
> w1 pr I (Make span) -] it 0 VA BELE C
» o £ fe(Maximum lateness) & -] i+ > N & BELL L

> 4 4o g 2 2 c(Total weighted tardiness) s -] i » & B ELE ijUj

BF o A kRAUESEALR b S RPN T s R W
PATR AR APM AT o

222~ AEERARAM 2

TFT-LCD 42 ¢ Cell Ptz ¢ Frili 4 B M 2 2R 0 30 (R PR B 4%
Pt de X PPN BT 0 P R BA TR T AR 0 ke
LA A ECRE AN o @ T E A - RAEEE AT A 2 h e
TLHA S P WHENRGE L AHIE TR AT 2

Monma % Potts[7]# 1 &4 & F- = £ ARR 452 B 550 > fir & &#ﬁ,
L2 > AL BEARIPER A AU BT B kS
oo S BEEE > X P HEP S - FALE NP-Hard 2 3845 [ -

Crauwels[11]5 % 4 44 H - 3+ 8 S 2 AR T 3 g F 2 enfE i pF
B> fedi e BARTIRIEE S 2 HpfRavdo ] P H R BRI R
(total weighted completion time) o *73} 48T f230% > 2 {;}F L e
IR s -H P - o m f # (forward shift) & E_% {8 4% # (backward
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shlft) iR H PR R KTVER S Eom kB A IR 4 273 02 Crauwels
AxE T e BARITEOE 2 2 5 4w F_Descent method ~ Simulated

annealing method ~ Threshold accepting method 12 2 Tabu search method > &

F SR T ) RACk]F > Tabu search method 7 #d# cnffz % % » e

Bl P 3 fra P A d a2 o

Monma £ Potts[8] R 4 M » &z (73 £ 48 5 a2 N B 5 £ {88
Foz 1 32 P 48 > 007 3 BAENZR > RES ) AR 1R
(maximum completiontime) e 2 ¥ > M S 27BN B 24 2 B Bi#E
Kd® > 3R B R R o @ % - BECH N2 BIFE S LSS(List
Scheduling and Splitting);z > £ ] % 7|8 ~ A @2 EHpnd 2 > FH I iz
f3 o B jz4Ei & F & =% ON+(M+B))log(M+B))crps fF » @ H 7 K ) chde
,Jf% fRE B F Rt ] 5 3/2-1/(AM-4) % M /|3t 5 pF o Hordg I en¥ — B Ez
FRER GG A AER 2 2k F & ON)ERIEP R > 7 1% i f2 2
B fRamt 6] 5 2-1/([ M2 +1 )3

¥ ¢t > Chen[6]% 4 RI3- Bt A B el 38 i & 02 0 S48 H S i Az
IR RAE 0 B P enft BV % 1 B (Makespan) 0 3 ¥ - E
FEPEFp» T8 HFh R 8% 287 -

223~ #E P cHARM 2 R

PEW SN BRI AF S e 2 HiE o
B AERESE T LAY BT E k2T B

Damodaran ¥ Srihari[14]4 ¥ 2. A28 1 3+ 215 & #AR R SR »
B BERRGIEE 0 B R A DA o S B Y - B
RPN AL 2-FS(Flow shop) » % 7 {8 2 455 £ & #7241 &
b = B EEARL N # % 2-FSNB( Flow shop with no buffer) » B] * ** 73 #
Rz {3 ERRFPNRT &g 52 oo P RFE 5- ooy 20
b e oo (Lt S B AERCREI O 8 e R 2T
ool WFH R R U] T R AITR A DR E

KOH[16] % A R ¥ 5% 4 T T 48 22 PARR AT > B * Z B2
hfpth & 5] 5 3= 1 pF R (Makespan) » 3, e J2 P fF (Total Completion Time)

18



A& 4o FJZ pF [ (Total Weighted Completion Time) » i B8 7 Ie ity 545 B
HBF PN 2R 2 BAFIRE E RO i R F R LA R
IR RS B RIEE R L P HRenR AL B oA B 2 o SN2 Rl F R

FIEe 3L o

Pranzo[13]4* ¥t 8 A2 1 B SR AEFH - H P £ &) P =
B XA SF s RLCcB o %L T 0 l[%?x«i?/f@“’ ¥ c=n-
HINE 57 8 i H M X b L] 0 B RAEE 1 2 TSP R AL

Fefgz o ke # Hafit b R RGP o

R TIAE LR RN AL AN ¢ e B R ek ¢
'%P\zbt"i ‘&["z‘\* 2-1EIT7T‘ °

~\¢ &

19



= 7

= U F T~

‘\ AP Fﬁg > )§L7‘ L od #Li—%—#}r'l\i #& \.:' *jr'l\i 12 ’F%v" :IL& A0 *35%&“{#']
Familv Scheduli ez R
Monma & Potts aml)llvlcdelumg W 3 B it SR Ty
. o OF DT ERE S
Crauwels Family Scheduling ) 2 i ARIT fRi0E o e
g H 84 YR E T PR
[11] Model L ot R - P ACES-3 B
Monma & Potts Family Scheduling |% 2T {7 % . e 2 F N B L {8 g B
ST = [a 2 s Nk
8] Model B fuay =7 BRE R R
Chen Family Scheduling |BF4% i 423 | e e e
WAL R 3 #FoEp ¥ B F T B
[6] Model 1 1 R BRCENER | FRE AR P
Damodaran & Srihari | Batching Machine |BE#% 7 423 1 ey , . e
R il B B ac 1704 ER Y- iR
[14] Model 1R 2 BEgCRLIEE (RS BRI E
Pranzo Batching Machine |4 /i 427 i L e T RABEFY G
%1 PR &z (7 X B AT .
[13] Model 1 ARIER & L S I
KOH Batching Machine w Ll
s TE s | MAEER | B )
[16] Model & 4o B EE pE
X > Family Scheduling |38 147x 423 5w 2 - BERERYEE (TR EFFE LS
’ Model 1 Ry e 2 - RO R SRS N
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2.3~ WARGAZE I R AR AR B 2

S AR R fﬁg E F Z - B BB Tk A E BT
TEFEBTEP S LFBLITEY O TR - PR 0 B B
Yo 2-5 T o MM AR A L i K ¥ AR 3 W E Y anIC T;‘.%i? PCB
BE R

AR AR L R AR R K T RBB S BIAER KA K AW 54T
¢ 7 ¢hfe [FlAF 2 & (Processing complexity) ~ #7if K2 B #(Modeling criteria)

™R Arig * g ik (Solution method) e

Linn £ Zhang[15]#-58 4 i A2 3] 1 R 2 A2 f2 2. = }F¥J¢ BT ek 55
BEEIE o H AU = /0 & R REA B 5 (1) BEFE(Two-stage) S8 14/ 42 4] 1
R~ (2) = F#(Three-stage)s& 147 #4271 B 22 (3) 7 P (k-stage, k>3) 58 14 7% 427
Ao @A 2 A R AR SR S AR ) 1 Rz e B AR AL o

b > Linn ¥7 Zhang » ¥F384 442 7| )f?v‘”i AR B R E A KT B T 7 A
FeR o~ TR R PR R TERE 23 SR kAR R A -

m T\ﬁ*ﬁﬁ-f’*ﬂfﬁi 3 f{«#kfiﬁv {iﬂm—5 0 il d g F #F g # O ;F
7 e ;27 ’ —Qr’fﬁ‘ﬁ\giﬂ,ﬁj /n\"l:)s \/z‘ > ;gtg ’}'3— S\ A };}I”ﬁ’ }\4 E]‘J o 1
T GiEE KB PRI 1 R AT 0 g

Brah ¥ Hunsucker(1991)% £ 1% & 4 *i2 44418 P o= 1
S TR E P RBE R GE o d W27 T R £ fza
P R enpE I 2 R e k5 F -2 e 5 > Brah 22 Hunsucker »
o Sde R R S s o2l I e e L e gl i S W £

Vignier[5]% A Pl& 41 B (2 T PR L P 4R2 § FRsE M AR
1 R A7 R 3L 0 §1* Brah 7 Hunsucker % B ena 4 B2 - & 017 - B AT

B 32 1% R R o R R gl REER -

@ Lee £ Kim[10]R] #8315 Fi B2 {200 A2 7] 1 Rt A2 B %\ #
FRTen™ Jogr KRR U AR U2 kg wrEana Bk ) it X
AN A2 AT 4T b R B 4 o
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R I e 2

3.0 BALE KA

~ 2 pxfE AR 52 2> TFT-LCD & % ¢ Cell Assembly % 2 7 £ g
FRa v WL AR AR BT IR o AT

1.

A2 frfE e £ 1 ke w5 Cell Assembly A2 ¢ aisz - &
Fw N R&HEN ST e BHIR o AoR] 3-1 977 o

& # 7 Cell Assembly #4727 ek * H = 5 + @ (Cassette) » @ #+ &
WLV I EEA LI B ™ o

cEIMERS oS )fﬂuf» e -
1 EkY e L 0 BJIAR R DA S B edipE R Ap ke o
WA S s BAEE R A SR - Avie A B
1 iFxbiEF4ed o
F R S A P B e A R o
EREL RN R ERE B R U A SO R
@’#i%é*ﬁf ~£§§§ BFAeL o
FRHEW A I RPERA TR ABD > 2T

B o

d R4 R BRG] & WARRE 5 F i pF R (Queue time) 2 *T
«;’;IJ’/"T‘E:'PJ‘ f;"’é__ _‘,Ll:,\.lb,/? .——’,""LE%F%&P\{E_?—?T_-}-&‘%-GEJ‘ )
TRIEARIFER o bldel F R EEEE T L WA SR 240 A

BRErNRS P ABERRREN TR0 SRR TH G

IEAF °
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EaRE 2 S S EE S ﬂﬁlﬁiﬁﬁﬁﬁ’%ﬁﬂﬁﬁﬁﬁ%
BBV R - EE SRR B Y
;&L#&é*f*?ﬂ%ﬁiﬁ‘zé_ 2_ B i
2 PHAR

—

7#ﬁk FEOME %‘“J 2
ﬁliﬁ’ﬁﬁlﬁ%@i&@w&’@m@éw;éﬁﬂ-@ﬁ£°5
ﬂ’a@%pf“@%ﬁfmﬁ FARF LI, ¢ FiF41 2 8 &
BFEGEERU 0 3N iE S R RS gﬁdﬁﬁﬁﬁﬁﬁéﬁl%
FESE SIS TR S T TR £

Fobod g AR G ABA AR 0 4 TSR EAR A SR 2
BRrEGRREE A G RRRER U] AL AR AL PR
PR € E RRLET R SRET L -

¥ - R
( 14 Grinding)

e B e AL AFEs
(PI Print) (Rubbing) (Cell Assembly)

TR R 7| Tk

£ R AR Exzw S
(End Seal) (LC Injection) (Vacuum Anneal) (Seal Bake)

PEPEL R

Hr ik
(After-End Seal

- E gy T S 5% R it w4
(2nd Scribe & (Polarizer (Cell Test)
Cleaning)

break) Lamination)

RAEE 71 (Tt
B 3- 1 TFT-LCD Cell £ o 4 2= fr i & WAz 1 (F:k [
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o 3B 2 BERCR I R FOH S B AT AR A RK

B R 2o FLSE 5 fee % 5 (PIPrint) 1 1k P A 4 APie Too

BARRIER PN o A SRR POR AT e R (PLPring 1
Txbz & Mg o
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A R R (e PR AT M R
oo P ERTRIEHME- 2L
3-2 #5 o

PRI E D
e

[3F 8P 2 B T2 Ao R

FAOREAEAES - XFRFMEL TR P2EF RERL TR
IpEEALY R EAF - PR T RGFY ST 0 A FRAEL R
Ay AP (Trb2 g R E 1 (TR RPIFHHL T, > &

WA o

T BP oS8, 8,88, 2 PR A A A Ak - A H WSO~
WS02 ~ WS03 2 2 WS04 z_ 3[4z 42k 5 » )J'J'zl»\ifﬂ.— Bdste 1 A 52 b
EEF’&,«:.‘!'—-° IE_E;'r:\xé_rr'j\iJﬁFw%ﬂ?’ %—ylg g;*kb_iufﬂfﬁ& é_ ,‘j',f[

_\m

Hig1 iFeb2 Bdpte 1 A SR SPFRTAE Sig &2 Fic 1 PFR o Glde s, £
RS ENE SUREEE: 4 £ = A0 et D R S
be 1l pERE o
/% I (T)) for WSO]% \
<E$'Jﬂ ﬂ (T,) for WSO1»
F%ﬂiﬂﬂﬁﬂ (T1) for N -

‘ﬁ%ﬁiﬂﬂ,ﬁﬂ (T for WS02

WSO T ARG A HFE WSOII{’E;E%%@ZTJFE WSO01T

WS02 TAEEE S5 i HFE ‘Wsozlf’Fﬁﬁﬁfﬁ‘éé?ZﬁFE

WSO3 ARG 2 HhE WS03 Tk

WS04 TAERS S ZHFE | WS04

| \ \ \ .

Bl 3- 2 &RF1FH 2 Mk
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Pt BOIRW > 5 3MAAFG 4
AAbhEr BLIFzEZ e 1FRFL 240k
e A2 1237 Bihig 0 £ RPN 12 B E ke~ 2 Flior TE 2 @
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tifx
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AEFRRHLEF A BP0 F AR LT AT R R R
RGP BFRL R e R G L T PR s e R AN
2 RPIpEFEREL > H AR R4 @] 3-4 A7 o
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~my

331+ ERBFR

BRI P Rt B TR o RBIPER S A A R
BFPH i ood SR RG22 1 BT 5 PR RIS R Y P P -
@ﬁ?@ﬁ%w,wg@%&@%%%’a%&@ﬁﬁﬁpwoﬁiém
HEHERL I E - BRYIFRIE PIRLFH P E S T FIEB
PERTEL R AE BRREL A €3 SR A8 0 21 iR
-

4 Jopt — 3 X ek @}j ’—"“r%,'i”ii-”“ %&ME y {2 Lﬁ} g\émmﬁ o
%ﬁﬁﬁiﬁ%’Mﬁi@ﬂ%é&*lm¢vﬁ = A N
Rolp 2o Bt o Flfc o Bt Bk X FlRIF G H LI - Bhl ki 75 3

f&
A S 4 B %ﬂwm$ﬁ1’ﬁfﬁ%¢ﬁ@1w¢1ﬁl
LA g AL 1203 ARG S B A RBE 12 BBkt 2T
T ER 3 RS- X Y Pl

BOH
=1

L BRSNS

d P B E L FREGEETIIQLEEY  RFHE AT
%ﬂ’mﬂﬁﬁﬂ> FleiF 5 BB BN 2 AP > 0 3-2 0 gt
T); Z:"Q ﬁ:‘l_ﬂfd-#’rt' m”l’ F IE’ B"_ﬂ §’\ = 4\ qﬁ/{ o

9)={P., | forall i, g} 3o
2)=10, | far all ¢f 7 3-2
s =(P(i, g),0(g)) i 3-3
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N=_ 7 3-4
S +

3

=3

KIS E

P AETEW L IR AN TS ARG R
wH o

s fe hiand 3-5
e =g or eachiand g 7
' Qg -
Q, =5 for eachig 3-6

332 35 & AR D ER

d 20 & TFT-LCD fe 2 ez @ 2 B RAR S £ A 711 175 > g9
g8 1 (Txb(PI Print)2 £ /2375 » T oz 4 & -
1 {Fxbz pERYEE H -}5,%.&‘_—-—1: s
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T P ER R TR M H S B (TR 2 e IR AR ]
5]
rﬁy

k- Xfactor ta s Bt g (TASI® % jF2 & 1ERFL, 8¢ K,

NEAHLBREA L Teb4e 1 A 502 B4 1R o

L, =(X — factor)x K 3.7

F,, =W, +L, 38

L2 LR SERRE S (g S #i3

Rt B LR RIIPFREF T S URBIPR G E 2 R
L Ejﬂfrlé 'T AR Egjfémﬁlf——lfé';ﬁ&%t"‘ e 1 AT i §
o ¥ A E PR E

[
RN A S el i Eah S LAY, P

32



342w H
A p B AR R 3-597F c Ad AN B E 2P A
1 Fs2Z B ATH E 0 A% L1 T2 7% 20 .2 AR H
Az PRgReri E- Brivpagzf FE PG R D¢
Rl iTg PP eEfE w1 H 2 é%éﬂﬁ%oﬁ%lﬁ%1

< A A3 irEh2 o< U0 P E b (Max Batch Size) k& 7 5 B 0 2 47
A

R A E AR E AT 2 o AN R E RE S AT
HF- ERBEH P LR R E - B2 FET Y AN

LRI g BB m 2 FRT AN SRR RE B
FRECEREIMFTEFTARN S FIAT Y A B P 0 3-979 2 Py,
BDT, AW 41 iFehg? & S mAGE AR G 5 g B
Bl &) o

Tx24x60x(1-PM,— DT .
Cap, =, (S g L for'each g and m v3-9

2= PP ERBPIGH TP 0 F T gL E AT AN Cap, o

1 g2 B AT AN G AR B M AP FE

A

Cap, =M ,xCap,,, for each g 7V 3-10
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B P EABEP PN o L g2 T R RU,

RP|FHP L2 fesb g2 T JFKRU 2378255 L AR

1

2D xF, ¢
U, =8— : — for each g v 3-11

Cap,xb

WA B o Tk g v * IR 2 A i RCap, ©

1 ik g T RIERAN RCap 2355 755 L1 vk g FHET 4 E
,;‘;,;}r",% 3 iFxh g * N 4vd AR '?fi"\?lﬁ_’?’ﬁ?°

ZDlg .
RCap, =Cap, - e for each g 7312
g

HHT D E T g2 BA T M HSN,

B2 AL 0ERT M2 A G RCap, f'/WIF‘th WoXKE
AR IR K ol A L S R S SR £ E S R N A
Pl Pl T L B D Tk FLFEa iRk o
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foreach g 73-13

SN ={RCang

3.5~ B F R fRiz

350 FitpEREE

Bt g el ARG AP jj‘%u{,i_*‘iﬂ %,
SONEPEERA L A S R R R LA I Lt 1B o A
e - R E P 1% iLog OPL 2 #r#8:e {738 5 » 0™ 5 H @ aizp
2R ARG -

¢ Ep

(1) #5771

I Fip

R,

eri=1..1

g8 g pairyt g=1..G
BN ' A7 fitF 2 AggFa (vt

m :gaitskg ? Fm BHES om=1..M,

(2) #» 5k

bYN 12 ishg R g 4 )
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Cap,, - 1 7E5bg 7 2 # 2m 797 # Z 5y (17 RAIER L E )

D,.,g DRBIFHPN R B (Fik g irp R A R)

M Cfga itig P HEFM

S T

‘—.“i"?":/ﬁ‘e‘_—:‘

R

8

B
B

B TEskg 7R R (RGP E E )

S
3

g
B
F.K

AT Eh g™ P e T (1 R BIRER E )
Q, -1 itshg /2 itk g+l 71Queue Time (14 £FIFEE 5 K 1)

r, CAKED BB FTEME T FE R RB L E )

S agmpism i e

ST, A7 1 t3hg ¥ 77 8 Dot B g

(3) i+ # ¥k
lgmt @lﬂp.fﬁ:—;ﬁtfg: I p17t3kg ¥V om 2 F 1974 Z#E

. f]' é_tfg:,ﬁﬁ/'ﬁ:,l /E‘,Ef,glf’(mﬁ—e fwjép'{f"/zrr'l’ﬁ/a'lgm[,a]

1,8,m,t
0 - otherwise;

Boyw (1 ZFi 21itsbgP2mp 2 2LEFREL FEHMZ ]S

L 0 - otherwise;
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(1) P ARG

Min ¥ 38

BN
i=lm=1 & ™
(2) "I
Xlgmt_anlgmt foreachi, g, m, and t
max
Xigm;t = bg for eachi, g, m, and t

Cap "

for each g and m

S5 g X BB X ST <
1t 1

M T

. > D. .
szl,g,m,t - Dl,g for each i and 8
m=l t=|

¢ M, t+P, M,
Z Xiamk = szlg+lmk foreachi, g, and t
k=1 m=1 k=1 m=1

M t+Q,+P ,—1 M,

t
Z Xigmk S Z Z Xie+l.mk foreachi, g andt
k=1 m=1 k=1 m=1

1
<
Z Figme S 1 for each g, m, and t
i=1
P,
. < .
al,g,m,t+k <1 foreachi, g, m, and t
k=0
t M, t .
DIDID. TR 3 for eachiand t
k=1m=1 k=1
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