2 < % L
WoARPREWE B FHEAT

An empirical study on the tool capacity allocation system
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An empirical study on the tool capacity allocation system

Student : Lian, Hong-Jhan  Advisors : Dr. LEE, HSIANG YI
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The M.IM. Program
Nan-Hua University

ABSTRACT

The purpose of this study is to establish a capacity allocation decision
support system for a wafer foundry factory. In today’s fierce competing
world, one of the key factors for maintaining competitive advantage is to
reach production efficiency. And this is based on the fully utilization of tool
capacity. However, this is not an easy job since tool capacity varies as tool
type varies and different products usually consume different tool capacity. A
correct math programming model must be set up to gain the optimal
allocation and computer software may be required. The challenge this study
faced is that tool capacity changes as it is used in a single process or multiple
process. That is, the capacity limitation is not fixed, it is 1.0 when a tool is
assigned for one single process only and it is 0.9 when the tool is assigned
for multiple processes. The study then adapts an integer programming model
with two types of binary integer variables. The first one is to indicate that the
tool is used in certain process or not. It becomes 1 when the tool is allocated
or 0 when the tool is not allocated. Another binary integer is then used to
indicate whether the tool is used in single process or cross-process used. The
result is then used to determine the right capacity constrain. The system is
developed via an Excel file with a Lingo kernel. The results indicate that the
system could get the result within 1-2 min, while the manual way used in

that factory took more than 10 min. The system also makes sure the output is
VI



optimized with the capacity allocation. This indicates that this system could
be helpful for Industrial Engineer when making capacity planning

Keyword : capacity allocation, optimization, integer programming
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Change MPS.
Reschedule
Orders to Level
Load

No
Can Determine
Routing Be Yes Routmg for
Changed to —————— All Orders,
Improve Work Center
Capacity?, Assignment
A
Convert Lots of
Material into
Labor and/ or
Machine Load
at Work Center
Labor and/ or
Machine
Load
Schedules
No
Can No I
Capacity Be ) Canacity
Economucally AvaEi)lablé”
Changed? )
Yes
h 4

Plan Overtime,
Standby Machine,
Subcontracting,
efc.

Trial MPS Bl

MRP Schedules

Planned Order
Releases for
All Materials

Firm up the MPS

Rough-Cut Capacity
Planning

Routing Plans,
Overtime and
Subcontracting
Plans

Bl 2.2 A F AL 7 B48(C Norman & £ > 1999)
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B>

£

#4231 ( Mixed Integer Programming ) @ <7 #7 % 4 % #ic

Iy

LR RS FEk
= ~ = A FHARF( Binary Integer Programming ) @ F 75 ;& % #ic

OA ik
1.p S8 F 5 44 (The Objective Function (O.F.) is linear)

274135 (7 #H/AZE Y or 2 E3%)w 7 54 (The constraints are

linear (equality and/or inequality))

3.97% $-#cE 5 2L 2 #ic (The variables are nonnegative

variables)
U L AR LS

B #E i+ (Optimize : MAX or MIN )
Z=C X, +CX,+ ...+ C X,
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AuXy +ApXs+ .+ ApX, < By
A X+ AXo + o+ Aoy xn < B

Alel + Am2X2 + reas + Aman < Bm
T Xy Xopeo Xo 2 0, 27

m = norm<n,

m : number of constraints, n : number of unknowns
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Either
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AR AL 1% LINGO® »eendfefa B 7 foid f/25 4 45 % % (LINDO

SYSTEM INCC.) -
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AFEF PhE - BFUEFH AN " RBA A

14

T

i1
TR Ardd it iite BRI R s 45 A5t

~mbe

oo F-BASTETLQERE BRI LY BAER o Ld 0E
- A K EE - BARFALTT SEOEART o Flgt o 7T R
o A oo drpt o AFEILF - EHP eha P47 & (Master Production
Schedule):Hv {74+ pF » A R ElAR S S A fe B MPS 7 (72 4 ¢k
LRI AE e (A PR ABEMPS T o I R AN 50 @
EE - HREY I AT TR A Ak o TP AT IR
o B ii o AR EMPS i T 0 KB A SRR B iU R
FANfE RS o hp RS AT ASHA N R T
Fl Tk A AR M Sl R o R ¥ 2 F ARG P R )
;oo EFH S lingo 2 0 1% lingo k ffz o

Pavgil R anA R el S N A A I @B T 0
R EFAR X S HPB o T SR e L RAT B HALR
o E e HEam 01,00 2w pFen0.90 4 5o
e SRR VL AR AT BafARY TR - D
A 0 FILERBOANRELIFABELFEZSEE LT R T
PRAPELIAPRAMPS Z RT Bt AN EESE ST B
TEFEEA IR SRR ARAEN K.
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32 BHRALEL ARPZE A BE >

321 BEfA

BREA-FENAITAPERR DA SRR E 2 7H 2

(g
AEPAS ) AT AA-SE N Y OLEY o FlLERESL R

v

F RS A ER AT R AR ETEAF PR AT T

mas
SHARZAL AR AR F L E &R

322 A &2 A4
BERPT2AE 14 FAS - AFFEE= _{ﬁﬁiﬁ A ] GRSk
(Stepper) ~ % e (Coater) ~ & % (Developer) - &= A2/ P X & 7 ¥

P4 e en@ Az (Process) Bk G T WA g ke 123 ~EEG 8
o R R DG Fo AR bl PP RS ET BRI 4
EF g &7 i 583 P ol ipics @iy .
ARt ERElEh 1 PR GBRASBELESER - UE
Rw el ek o B GG KA fEG - B omove - » GREGR  ER
AARMKF A RAAERLAGES FOWRFE G - P
(move)#ic » /g 73 W1 (2T 224 F o

nd

#
PRZOFPAARRIE o ARAPREF R SBST
D . S o N i

3.23.1 —dxfs o

Bz EARA PN ARG B - Ay S R s e
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SARANEL CERANRY 0 T EFRETIAZFLAN
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EARR A AR RDAE AT 0 EIREGTHE TR A 50k o
PRl o0 P

i % Z(Avail) ~ & * F(Eff)» 1 AP w3 (ENG) ~ & B ik

s move #i(WPH) » & d1 pF i &+ (TP) » » ,I}qgf | PER T R R

move #cAEI® = 1 oo 50

R ] 1 (TP) = (Avail — Eng )* Eff *WHP

T
3

Bolkwo 2ap 4 10 s s 7 2 des v 10 5
E
N

B | EET L i move S B A IEE 5 T

fliu
)

|
GRARDALREE - FS AN E AN - BHFESEY L)
PFLE P BRFANRED G 720 ) pF o BIE D] it ehaprdiE
B gk b 7200 o dok 32, F ERERSTRERLE

O R ,4
B-\ '{;% &

140,709 -
)
-t “ - ﬂ %/\
# 32 WARFT hEEE M
Hour T
Tool . Demand Supply .
Process EQ Qty Awvail Eff ENG WPH Move TP Move Uil (%)
Machinel 1.00 90% 90% 46.0 36
Machine2 064 0% 0% =R 43
Machine3 1.00 90% 90% 550 45
Machined 0.ao 90% 90% 46.0 37
Machines oo 0% 0% . oo | 0 |
Process chinet |G 37 5% i R e i 3 140709 | #REFI
Machine? 0.0a 0% 0% oo 0
Machined 1.00 90% 90% 250 20
Machined 1.00 90% 90% 350 28
Machine10 1.00 0% 0% 320 2B

ETRN
=

Pz AL A 1R s AR AR 0 2 001
PRI - a2 E Sk R Y AL 100 2 090 A X

A
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P s v H - g @A F R B 1000 Flpto 412550
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EEF AT b & ]P, m 2 s e A B LR A
TAZE L PLE 0900 ot 2 A L ERE ALY R L e

3.3 S-¥c¥r FHP

AGRRAANAREAENLAAN R AFL AR S Z BAS
9% >k (Stepper) ~ % sk e (Coater) ~ & §%(Developer) - = B 425 '+ i e
PP RN RARS P gl TP Y U S A Rk AR

Bo Ve R@EN2 fpkppaigg» 1 CHeD 457

RFEZRA BT L ADE T

W A
|l
3
et
T
= frsh
|
ot
F_k
o
2

PR A o A F T R A

e F RHAE R W o f R F IR -

1) 2 A& F &(MPS): QL > 1 B33
B LPALL i‘}“gﬁ‘ BAFEANTEDREPNF 2 A KT >
Pt 4fA& 05 1-14 -

i
‘\54\
rT.I
=
B
e
Ry
N
™
]
g
gt

(2) A &L W L A5F kB F o  BF3HEE THEAE
8 SR E I

() A& Bl »rZ ch4 i (move) : FSy > F % frenquency ~i 2 #
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ke hflfen] vk A A S e G4oFS12, 27 S - fEA AR KT &
- AT R PA N o F KRB AR A 1 FCy ~ FDy % 7 o

()1 5 2 F 7 i * arn e ONSIJ & B LR RS 3¢ 55
- B AT M F eI o gt G IE T ARFF RS S B wgl S
A F TN TR G AT o FRARH V] E S ML ke Ay
g1 42 » ONC;; ~ ONDj; % 7 -

(B) W= | EFFREDEN CTPS; dpke i S * 307 b @WARPE
§ 15 WA - e R ESAE NS F TR R TS AT
PRl2E T2 HhTPS 4 i FFHHB s s Wl THREDE N o

SEAER AW oML AR R SRR TPCj; ~ TPD;

(6) A i+ 5 8@ pigc : HOUR » 46 /s shie ® S0t/ -5 » p
R B R E L 720 ) PR E o

o

332 %

D BB ST F oSk AFIESsTdEE

FAlegr e FRE 47 o

1) "2 A5 FHE QU SEA L HAEY » £ 457 idh
)
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(2) L g s * & 1S 0 5 /AR B STRE 5 BHE
AAZG G APF BT S S o Bl & Loy R Y T WAvag
BV RESMPREE TS ST R YA f RS
Foen®ll4z > 11 Cyj~ Dy o

() rrmired BTS  #oowfllar* 23 ¢ BEE D
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3.3.1 #°al ff i

® % MPRF|D 2 o Erp ok ALK REREE A LED
LIS 0 RSB AR R Y R fE o

® LR REH B i R o

@ WAINBEANTEDPTAE AL AT 2B A Nl SRS
Py ke

AR AIPR AR L P AR BN s R T A a5

332 &= p N

PR aRPiAS2ARERfrb <t a2 fid R H LR

A

T A

PRtk Fl ARG EEEW) LR 2AE
B K2y BALLT LRk i E o TV E RN

= (3-1)
QT LA ST 8o
N ASBHEE - B ERAA 4BAS -

3.3.3 = = 14| N
BRILHI R Y AT P T R AU N AL T A

ARAAERRGA PR ERRU s a5 4
SEPEE)RY U TRE RS AN G R 0T IR

& (Stepper) i F 4] 3¢ ez

f‘m
™
|
3
Tl
ﬁ\
o]
N
74-
A
ETIR
|3
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,dm
=
gk
s
X
A
i
o
B
N
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QUi>=QLi | vQU e Integer (3-2)

(2) 557 £ FH

A4l Lot B EE D T 0~1 2 0 R3S A & He(BSI)
fa - B oRECHEHE PO R AREL LIF B LN
Ap R DR ERAOLL - AR O A A3
o WL 000 5 WAEY ]IS HE o SN 4T

0<BS-Sij<1 , §;=0 (3-3)

Q) AT ETE L

WoAE Lo AR L E A R RBIFF IR o
B2k o % ONSj 7 £ 3> ®mre % i A 8RN i 8B 5%
Bl MBI WRELF R OW S E LRI ERRY (A
i) e pldr ONSp=1 B T S %5 2 R kehs 1L flae s @
Sy i 5 F 2 ONSpp=0 £ 48 5 2 A AR L 2 i * » pt @ % & F chfy
FlmELkp TFREEA L > WA TED o

FFEA)LE P PERATW AT L o A %H o BTS-
PESSEHAES S > # % v a Wi (XEBS>=2) » BTS & E_;
1; Hp* > - Blamp, *%- BBS 51> *EFBTS:0-

BTS < 2(BSi *ONS;)-1<ZONS;*BTS, 5

OF EICEE S TR
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m BTS £z s EF 2% ch- A%k T 44583 (3-4) >

PRRAINE - BRAEEAUFIN D RS 0OF A7 5L

FoRF AR Hjpk - BRAR 2R R R ER ALY

Bl 1 Lo

BRI > L E S B B3R AL 0900 TN AT

A FltE3R*E 5100 %=~

>(Sii *ONS;j) < (1-BTS)+0.9* BTS

VBTS; € binary integer (3-5)

ARG RkE S AE BT E S0 AN (move)dk o -2
AEBEE LA RN AT AN RELIFE 5 X (FSi*QUY) -
ks A &u &S

Fiswrw @ pIE AN

FITS
£
o
L

F RS S EN T e EAER O € T WA R

§ e Dl 5 E L R A & (move) T e o
%E’ﬁﬁg B B %#c TPS » -l 4mp t‘“ﬁ S

Jffg‘r 7 H’:'%E\l
g1 H TPS tasE i iE

o v @A aTEESS L 5 BETERS " mover A A

ve e B B AR > R HOUR £ 77 o
- R A R 1 F (utilization)w i 100%HE 3 { § 0 AT D

Al FEEEN G PR Y P RBBERE R ®
H 7 4738 95% o o> V40T

0.95* (Z(Si *ONS; *TPS;j)* HOUR) > (FSk*QUk) (3.6
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35 EHA N i

Toe ket T3 RE 4 (excel) Sl kR o A (T HEAE B pEAT

\\\?{r

&&%ﬁ{;j%f";ﬁ%%é v -1l Llngo E=ES £ 3E - hF A
TG IRIRE AP o ITEE @RS %

B AP WM EH IR 32

i\

R excel e

St LingoBPE I |

Lingop eV el i

SET TN P Zexcrl

B 3.2 i 5 (79 2
351 iz

-‘g’ SIS (& fﬂi%lvv?a*:—?éﬁ;ﬁ Z¢ 124 &3 QL) A &K
TEW) 55 | EFPRENTRE(TP) s # 5 RBGH LT @
* x> 4z ¢ (ON) ~ 2 A it 13- B 3 8 pr#ic(HOUR) -
GRRED AN RE LAY SkE O BRFEAFRFEY L
HBHEPELGF ARV AALBHEIQU) - B oA E

b
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3.5.2 = % Lingo #c ¥ Az ;"

Lingo £.i¢ * M# & (sets)iva # A AEH AL Hsels i3 4
fioo T f 0 T LR IC { R 1T 5 R IR Lingo
crsets ) AR IR A S B SAT 0 M-S CD REETLg KA

WY

(1) product/1..14/:W,QL,QU;
TE A& Py LA SN Bk A S UERE B0+ U T
%W QL> QU At » BT 1L Sk
By R EA KRR LA B o

(2) tools/1..21/:BTS:
REBEEBIULPET RN TR ] Bp T
I-L IT:‘PI i%%t ]%q‘f '—mgﬁ}’} oﬁﬁ‘ ’ﬁ — TB;E%:F::’:_,BTSO

(3) process_s/1..8/;
@R G~ E AR

(4) processtool_s(process_s,tools):S,BS,ONS, TPS;
Fok? i Srre Ao B > HEMRG 1S, AT R
*E I BSO AFWoEFRY - A%EONS R S HFHELTE
Vi ErY %, TPS L5 [ BT R DA AN o

(5) Frequency_s(process_s,product):FS;
Rk P il fer 3 it A s e B EMFSA 7 A 5 il Aep

212 A i (move) o

(6) TIME/L/:HOUR;
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TEARRPDEFN g 5T - B B HOUR £ 7 -

P 3.32% 333 91F 2 P FNE RGN B0 N S AR
2] # %8 > Lingo iz ;0 v B ;ﬁd F/g N £

ﬂnp
4
nn

3.5.3 Lingo # %8 Ffz i &

AE S8 R RL iRl & (R 3 SERN LR A T

Z LINGO - [LINGO Model - CCS]

B¥ Fi- Edit LINGO Window Hslp
DlcEs el <] »elol 2mBlal olsEE 2 (e

mode 1 :

sets:

'weight ,min, max:

rroductcs 1. .14/ W, OL, OTF:

VE T EHREE . T STEReh (HeoiE D -
toolss1. .21/ :EBTS:,

tool_cdfl..27/:BTC,EBTD;

BRI

process_s/1. .84

process_odf1..125;

VAT T ARERE - ATRERER - RN HSHERSR .
rrocesstool_sS(process_sS,tools) 15, B5, 05, TPS:
processtool cdprocess cd,tool eod) :C, BC, ONC, TPC, D, BD, OND, TFD:
[RES--

TIMES 1/ :HOUR:

'Frequency:

Frequency_s (process_s, product) :FS;
Frequency_ cdiprocess_cod, product) :FC,FD;
endset=

| Chiect ;

max=Ezwn (product: WFQU) 2

B A A R R R

Bfor (product : QU>=0L : BGIMN Q1T ) ;

‘TR R -
IStepper

Bfor (tools(j)|Bsumiprocesstool_s(i, ) :ONS) #ne# O:
Esumiprocess_s(1i) :S(i,3) "ONS (i,3))<=(1-BTS (3))+0.9*BTS (1)) ;

Bfor (processtool s(i,3):(B3(i,3)—-3(i,3))+0.001<=1)
Bfor iprocesstool si(i,3) B3 (i, J)—-S(i,31>=0)
Bfor (processtool_s(i,3) :S(i,31>=0) ;

Bfor (tools(Jj) |Bsuw(processtool_s(i, ) :ONS) #nef O:

Bsuwm{process _si(i) B (i, ) *ONZF (i, j) ) -1l<=@suwm({processtool sS(i,J) :ON3) *BT3(3))
Bfor (coolsij) |@Suml:prclr_:esst.clcll_s(i,j:l 1 OMNS) fnef O:
@sum(process_s(l]:BS(l,J]*ONS(l,j]]—1>=BTS(3)J;

I mmr = -

B 3.3 Lingo #z 3

35



I LINGO - [Solntion Report - CCS]

Eﬂe Edit LINGO Window Help

BIEEIE] @ 2 wlee x| == 2

Variahle Valus Reduced Cost
w{ 1) 1.000000 0.000000
Wi z) 1.000000 0.000000
Ww{ 3 1.000000 0.000000
W 4) 1.000000 0.000000
Wi 5} 1.000000 0.000000
Wi &) 1.000000 0.000000
Wi 7 1.000000 0.000000
Wi 8l 1.000000 0,000000
w{ s 1.000000 0.000000

Wi 10} 1.000000 0.000000
wi 11} 1.000000 0.000000
wi 12} 1.000000 0.000000
Wi 13) 1.000000 0.000000
Wi 14} 1.000000 0.000000
QL 1) 19.00000 0.000000
QL 2} 61.00000 0.000000
QL 3) 1155.000 0.000000
QL { 4) 1079.000 0.000000
QL 5) 1137.000 0.000000
QL &) 3000.000 0.000000
QL 7 4240.000 0.000000
QL{ 8} 35818.000 0.000000
QL 9} 3500.000 0.000000
QL 10) 10071.00 0.000000
QLI 11) 265.0000 0,000000
QL 12) 16245.00 0.000000
QL{ 13) 8500.000 0.000000
QL{ 14) 409,000 0.000000
Qe 1) 15.00000 —-1.000000
QU o2y &1.00000 —1.000000
QUi 3} 1155.000 -1.000000
QUi 4) 1079.000 —-1.000000
Qu{ 5} 1137.000 -1.000000
QU &) 11z250.00 -1.000000
Qui 7 4240.000 -1.000000
Qi 8 3918.000 -1.000000
Qe S 3800.000 -1.000000
QUi 10} 17304.00 —-1.000000

B 3.4 B RAAEE &5

4 e 78 .
£ 3 - - -
S0 “‘v"-ﬁﬁ B ;r\‘

g SRR A A FRAREMPS hE KT > WS

<

%
=%
by
B
.
Tl.‘ N
~
W
>~
(=
-
A
{\:
N
-
~

FFZ N aZ Al EOERp oo RE DA

.
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199 3.4 0k BLiE |
2 g hF R 42
%iE 4 i D) en

ForeE

ﬁiﬁﬁﬁiﬁﬁ
SR E E(W) - o=

W 4.1

Frocess2

M N WUl

7 bR By s

,‘5}? ’

FREHANRE AT BT 041
= = Lingo #c 8 #i3

JA3 P Ffranid %k 44

= % ot PR o

FA RS EE AP 14 A3 P MPS(QL) ~ A
| R e F R E(TP) ~ 48 & R Ap AL

T Az (ON) ~ 2 A s o3t B % 8 P #ic(HOUR) -

GRS R Rl S SNl

tachine 1 1.00 Q0% 46.0 a7% 36
tachinez a 7 5 0.00 a0% [ }i] a7 % a ] 25033 1G]
tdachine3 1 0.00 an% 560 a7 % 43
tachined u] 000 Q0% oo arw u]
tdachinez 1 ul 5 0.60 an% Faa0 a7 % 61 ] 26,384 0%
tdachine3 1 0.00 an% 430 a7 % a4
tachined u] 000 Q0% oo a7 % u]
Machine? q 1 u] 0.20 Q0% 250 87% 20 0 4,228 s
Machine3 1 0.00 Q0% 250 a7 % 27

Bl 41 s Sk
FEXE SHE T TNV NERIES StE SRR S T
Prod 4l A WIRFEEZ R A AN MPS B
% 4.1 MPS
P1 | P2 |P3 P4 P5 P6 pP7 P8 P9 P10 P11 | P12 P13 | P14
19 | 61 | 1155 | 1079 | 1137 | 3000 | 4240 | 3918 | 3900 | 10070 | 265 | 16245 | 8500 | 8409
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4.2 3= > Lingo #%3"
#-3.32 % 333 1 = chp BN BT 0 0 N i L R

414088 > Lingo enfes3iF 3 o

S

max=@sum(product:W*QU) ;

R

(1) 2 A8 F%EEKE R

_ =

@For(product:QU>=QL;@GIN(QU));

(2) 5@ * £ R
@for(processtool_s(i,j):(BS(i,J)-S(i,j))+0.001<=1
);

@for(processtool_s(i,j):BS(i,j)-S(i,j)>=0);
@for(processtool_s(i,j):S(i,j)>=0);

(3) - s LF &
@For(tools(j) | @sum(processtool _s(i,J):0ONS) #ne# O:
@sum(process_s(1):BS(1,J)*ONS(1,j))-1<=@sum(proce
sstool_s(1,J):0ONS)*BTS(J));

@For(tools(() |@sum(processtool_s(i,J):0ONS) #ne# O:
@sum(process_s(1):BS(1,J)*ONS(1,3))-1>=BTS(Q)):;
@For(tools(() |@sum(processtool _s(i,J):0ONS) #ne# O:

@sum(process _s(1):S(1,J)*ONS(1,J))<=(1-BTS())+O0.
9*BTS(}J));
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(4) o(=*r&aT)r 11
@for(tools(j)|@sum(processtool_s(i,j):ONS) #ne# O:

@sum(process _s(1):S(1,J)*ONS(1,J))<=(1-BTS())+O0.
9*BTS(J));

B) oA BERFERELA N TR
@For(process_s(i1) |@sum(processtool _s(i,]):0NS)
#ne# 0:
0.95*(@sum(tools(3)-S(i,J)*ONS(i,J)*TPS(i,J))*HOU
R(1))>=@sum(Frequency_s(i,k):FS(1,k)*QU(Kk)));

43 FHEFE 2 5%
AR B R 8 AL JEd e oAl Lingo i3 0 ks
FITHBET L ERERBOERE > £ 42 5 AFF AR o LE T

_J-";o

ER W= ratkds

w = e
(2= S Windows XP
Ry 1GB
CPU AMD 64 2.1G
2t Ay LINGO
AL dR EXCEL I SRS S
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Z5LINGO - [LINGO Model - CCS]

BP File Edst LINGO Window Help
DicldEs &=lal 2lc| sl sRBlREl BlwlEEl 2

mwode1:

sets:

'weight, min, max:

products1. .14/ :W, QL, QU;

VE R R AEEE . TSTEERY ((hsoE A -
toolsf1. .21/ :BTS;

tool_ocdlfl..27/ :BTC,BTD:

VIR R

process_sS1. .84

process_ods1. 127,

VHERRT AREERE - AREINERT - RRHRGIRIR .
processtool s(process_ s, tools) S, BS, ONS, TPS:
processtool_cd(process_cd,tool_cd) :C, BC, ONC, TPC, D, BD, OND, TPD;
[NE3

TIMES 1/ : HOUR:

'Fregquency:
Frequency = (process =, product) tFS:

Freguency cdi{process_cd, product) : FC,FD;
endset=s

'Chiject:
max=Esum{product : W*all) ;

S EE S A R R R
Bfor (product: QU>=0L;BGFIN( Q) )
VR B R -

'Scepper:
Bfor (tools(j)|Bsumiprocesstool_s(i, J) :ONS) #neg O:
Bswmn(process_s(i) :3(i,3) %03 (1,311 <=(1-BT3(3))+0.3*BTI3 (3] :
Bfor (processtool_s(i,3) : (BS(i,3)-S(i,3))+0.001<=1)
Bfor (processtool_s(i,3):BS(i,3)-S(i,3)1=>=0)

Bfor (processtool s(i,J3) :35(i,3)1>=0):

Bfor (tools(j) |Esumiprocesstool_s(i, ) :ONS) #nef O:

EBswm (process_s(1i) :BS(1,3) "ONS (1i,3) )1 -1<=Bsumiprocesstool_s(i,J) :0NS) *BT3 (3]
Bfor (tools(Jj) |Bsuw(processtool_s(i, ) :ONS) #nef O:
Bsuwm{process _si(i) B3 (i, 3) *OMNZF (i, 301 -1>=BT=2 {31 :

ot o -

Bl 4.2 sEARFHT

P1

P2 P3 P4 P5 P6 p7 P8 P9 P10 P11 P12 P13

P14

MPS

19
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(5)74,269 74,969 700 212"
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