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Abstract : A new scheduling algorithm for large scale semiconductor processes is addressed. The difficulties of
scheduling for semiconductor fabrication processes are mainly due from repeating production of wafers that
experience reentrant flows. Sequence branch algorithm (SBA) is proposed for large real scheduling problems when
all processing times are deterministic. The SBA is based on the reachability graph of Petri net of which the
several defects such as memory consumption and system deadlock are complemented. Though the SBA shows the
solution deviating a little from the optimal solution of mixed integer programming, it is adjustable for large size
scheduling problems. Especially, it shows a potential that is capable of handling commercial size problems that are

intractable with mathematical programming.
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Fig. 1. Basic steps of the semiconductor manu-
facturing process.
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HAY AFEL EF 4 AEFEo] &Y AV dlA
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< 3#HE F7t gk 2N, HIA ok 3R TR
FeE 71X ZAEC sl =27t o]fA1 YTt
Dobson¥ Nambinadom{3] & 2& FH9Y Xﬂ-e.—g‘ﬂol
g 3oz ol HYE 4 I, 2L FTHY AF
25 398 2J4AE Zdeda sHgsidd. aE
3R ARGA Y SBATE JAZEe BAE
A7stanh. =g o] EA7F NP-hardelte AHEE £%
31 o8] 7}A heuristicsE A A 8FA T

Gurnani et al.[5]1& unit-capacityZ zZtv AX| el 3
B A X7 AHoR FAHO e A&
& nHIFA FEA FAHsY] FAAA dojvie
82418 unit-capacity X9 1 Fo] Ugle] %1‘4.
3|

3.

01°l

flo rlo
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E@_\O_‘

4 Y 2JAEE 3 sl e FAsih
&Y o

oy HoMeE ¥red| AlZ FA reentrant flows]
EAld dis) FHE F83A Huwy (111 A4HE7
2 gk

S dAelA AEY setE P = {p)=B FoIA Ua
AFo g Z+ FAH YA ZAIHprocessing
time) AsA Yokar RS A Fo] Aor &
station®] set2 S = {s}o]H, AFo] AXc} & ZE &
AEY set& K = {kigtxm Aot ad M = {(ks)
A ke station sol EFHS JdohE Fgd 4 Ut

a9 82 AFo] A7) & 737';1‘3][ Q = oA
E& Gantt chart2 EA89T ZE AEESL 543
AR FAT ZJAE FeTn 7}763'“4 o 7] A
A Fo] Atel & stationS 4/°1™, 13719 SAE P
M=ol Aot ame] M o= {(1,1), (B1), B, (22),
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Station 1] [: — 1
Station 2 EI:

Statlon 3 O : —
Statlon 4 k:: D

19 8 HEEYY) g Gantt XFE.
Fig. 8. Gantt chart for reentrant flows.

62), .1 set2 2 3HE 4 ot 2HA, station 1
2 47129 439 45 93 2UAZELS R
2 FEY ¢ Utk 45 B9 HE 49 2PEL 3
7Fel ZA¥El2 FESE, ol#d FH=EZ e A9
ZAEE T34 =H4E 42 390, 340, 349 =YEE
TEZ + Utk olgd FEIMEL M2 OE AHEES]
g5 FA9 FHE A AAJL €Y &4
(sequence)2 FAE 5EF AL 44T £ Utk o
2% Z99 U= A9 HEE sequential multi-
purpose processZ} FTH15].
31 SH&nt Mok
AF p7t e DA koA z2Pe] fRHE AL
G2 A, AT AEANLS a7 g2 oz
o8 + gk
MS = Cy V(p, M (1)
et EFEeE ogd 2o vehd 4 it
min MS VpeP )
A7l A BE AEFEL UIS(Unlimited Intermediate
Storage) Wete wEAl Hog zt AF prb AR kol
A 2ol EHE Y 9NN Cuol WE ATZA
S v 452 Yehdr}
Con 2 Copy+ PT V(0. B)EM (3)

Cow 2 Chpoiet PT, Vv WM (4)

A7V PTue A3 koA ASE pdl 2GAZS s}
w old] tidt dHlojel= HE 1o FojA .

I 89A JEhd AXNY

=

reentrant flows =4-&

o

Ze 3L dwtygom o (multiproduct) EA 7
B9 A4 A A4 P A= @ I A
olty, &, 1Y 99} L HBE ZE T R T
4] Gantt chart® 1#3le] ®A}.
b . FAARE dolH
Table 1. Processing time for example.
station
sequence 1 2 3 4
1 10 20 5 30
2 15 8 12
3 20 7 5
4 7 17 10

ad 9 1Y 6%

If& aL 7§ o Ezﬂ
Fig. 9. Representation of a multiproduct process
for the system of Fig. 6.

5, BE AFEL 19 949 22 42E uan
AdEGI FPske Aotk oY gl mesfol

g AFzAL 19 89A vehbe Z4zbel stationol A
el gAY stepEo] XA He F9E zHE FU
b otk olyd AF¥RAL disjunctive const-
raint(1515 ©o-&8tH FIF Akl Mz & ZYo]
ARA &1 29E AP FUE Aotk

Z, 59 Azt M2 g8 2go] B9 Yojukx
BEE 3t AdERAL UH 2L Yoz FEY &
Atk

Cya— Co — LY,y = PTy

Y (p, EYN(p, HheM (5)
Cpk' - Cﬂ'k + L(]. - Yppk) => PTpk'
Y (p, YNV, HeM (6)

o 7]elA L& makespan® upper boundZA Bl
g a4 xS ia= Yo ojx WP (binary
variable) 24 F o] FUF stationoA AEF p9} p’
7 ol® Zo] ©A xPo) He 718 FAsHE wgo)
k. &, ol 2l&}q

1 if product p is before product

Yo = p’ in station k

0 else

2 v

aRZ, 4839 A3 H Y (Mixed-Integer Linear
Programming, MILP)9] 2HAle tj23 o] e
 Sith

min MS VpeP [M1]
subject to:
MS > Cy V(p,HeM
Cope = Cyp—yy + PTy V(p,RleM
Co = Copopp+ PTy Y (p, HeM

Cor— Cow — LYy, = PTy,
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V(o YN, eM
Cow — Cpa+ L(1— Ypp) = PTy

V(. YN, beM
MS,Cp 20, Yy = {0,1}

V(. OV, HeM
32 485 2Yale 21 Y 24
zda Mle] A GAMS[2]E E3t OSL[12]
MILP solverg °|-&3td A4k A2 AE2 7)
F7} 2004 TS AFEE Dz Yarstdor & uje] 3
£ H3lY makespan MSE TAld HAdEE 3)
T h

i

=3 A4 SUN/SPARC stationdol| A 33ty
OS+ Unixelth. & 294 o]8jd Ak A9ES vlmw
.

£  2.Ml 248 £33 A

Table 2. Results obtained from the M1 model.
Product Constraints va?'ialble va(i;):l:le Tt \Node MS

2 128 30 27 180 58 |215

3 275 90 40 815 | 172 | 246

4 482 180 53 2019 | 333 | 266

5 749 300 66 4400 | 586 | 301

6 1076 450 79 9545 11093 | 336

7 1469 630 92 115404618654 | 381

10O Station 1 =
Prod. 3 3
Prod. 5 I Station 4 i
|

140 150 160 170 150 190 200 21D 220 230 40 250 260 270 280 200 300 310

2310 5709 FYE HAES OE ML 229 3
#E BAFE Gantt Z}E.

Fig. 10. Gantt chart for the result obtained from
the M1 with 5 equivalent products.

a3 102 AFo] 5707t FAld] 2] o|Fe] A o
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Tl tE EAS s AX HHIAE FY5}

N dlo it

MOt - Kisat - ANAEISS =2X R4 3 R6s 198 12

o A HE L& 7 A 2, AFY NS
7t 871 ool FAlol 1EE we e B nddoz
T 71 g olRAe AdzHE 4 H$Ut
obd ZHLo]7] o] dold F Qe ol

T3 AP o8 MeE mdae oF g
g A9 oA tiste H&sghck e HA FF
ol M= shtel stationtfoll o8 M A7} TUS F}
AE FY357] 943l E2ABEE o3I AYox FA3}
o 8% 7t Atk =3 FEHoE ZYHE station
drxe A8 719 lotEe] EAA w7A thr)sAY, &
2 gAY lotvt 2HE FHE) A o7 Y &
8 22 ARHE F%E Aok

IV. &4 7IX] ¥ (sequence branch algorithm)
1. g2[E e

SBA ¢i2lEF2 O o-E3F 384 FH(Multistage
multipurpose batch process)ol] W3 YAAZNL 93
Zt AHE(product)®] H(stage)dl WE  =E=(node)?
reachability graphE =& <1 Zo|tH1] o1z}
3l dAEAE N9 product i7} M7H) unit kS 2
7l & ZHWHoE AXE ZAS$E ARYe] Us
jobshop YAAE EAlolth product i7} unit k& A
= 3 3FL 39 stage j2 FAIE 4 Utk AAY
o] & B/AR, & product i8] ZYALFH o]FAE
unit® stageoll whel 2AFF) oln] AN FYF unit
E A JYY o, staged] N ARE eEPFogH o]
£ BA doid - 8 4 7] dfEolu)

SBAY glloAet Zo] A 7158 ZYAEEE
nod®} branch® A4 7% &€ makespand AR

g e dudFelth

Py A A A
1.2 2,1 Die i+1,1
4 AANY & 4 A A Y A deptht
|
1
& r'S
Lj+1 i+1,j

depth d

29 11. SBAY A,
Fig. 11. Description of SBA.

8 node® £41%(product, stage)©.Z X HEF I, o|E
7|[goz &A I 713 AlAE tg nodeE X HE
t}. o] 3% A nodeEL A3 nodedll vla) depthe]
a7k 198 o AAA "ok nodert AR FAld
1 nodedl B3 A AIZHcompletion time)o] A4k
ot o) zZtel did fAAE vwEN 7 F#e
F3ANTE ZEE noded A T M nodeE AT
U Rl FARAGKE)AHZE 2o} ool 34" A2
noded] £ A77F FAGE nodeXtt E 7
, @A nodew FAFET Hz @42 =L
Z}2 noded] s thg AMdie] node®E AAAZIT

B K
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staged] AT F Y& witd] FE oG ol o
Z 3 product® IS o FIANTE HE Y
F e umitg dgdor HH, o) tF FAoE FH
& & Ak

Co= "M {Cyy+ (Pt Ty} for i, j  (SBA-D)

a3 125 99 Fgol o 9AE ez it

ol AYL EE product®] ANAZ7L FEE o
AA AzD AAZ o]Hs Wure 13

Re B 753 A4 EE nodeE AXRANE 2
FE ¥r] wie] AA dFAE AHE dojdl=de
433 Algke]l WadtA "k A, B dFdlMe Al
A noded] 45 FoluA thgd Z2 AFAES E3F
el A st

0,‘,': C,','+ AR,‘,’_ a)D,-,for i, j (SBA*Z)

Step 1 : Construct initial schedule lists from initial node
and save it to the schedule list pool.

Step 2 : Select a branch node with the minimum
completion time among the candidates.

Step 3 : Generate succesive schedule list for a branch
node

Step 4 : If the schedule list contains all the processing
of products, terminate.

Step 5 : Compare the completion time of the branch
node and nodes of smaller depth and do the
following:

a) If the completion of a branch node is the
smallest, then go step 2

b) If any other node exists such that the
completion time is smaller than that of the
branch node, then replace the branch node
with it and go step 2

a9 12. SBAY ¥xgE
Fig. 12. Algorithm for SBA.

Ry= A A8 jAA stageE YENIE nodeo]
Aol e A)1ZHremaining time)2.2 & AejoA oz
Agsior & 7}FAIZHprocessing time)d] oz vlel
WolAch 71F3AIZEe] &2 stageths AFMAM 71 7HEA]
e 2= stage?HeS 9ATE nodest I Wb AH$e
nodeE 3123l7] AFo|th D= == Zol(depth)E
etz z7|¥Ee APF=E el APFxo)
o 2 A A7Hcompletion time) Cjol Aol E A
L Gdsty] Wi o]F Hedtuzl ke otk Frt
Ao IHATE weight FF 1,03 3l Zdo] 7}%
ity F A #ol AR £5 duIEL ¢S wE A
ZF ¢tell Sl AN FFS A WHojue Fxrl AR
o whE, 09 X2 JH, S oAt Ak
Alzke] dojZdke d@yo] A7) uEol FAlel AFd
we} HAAH AR S trade-off7} L7 HT

ofix 1 : dxnEFel s B8] #8585

AT R ZAE tFEYT. ¥ 32 &4
A 7R ©E $£3FAANE RAFu ok FHAH
Hojl 93 AZ WH-E productZt 7Sl AS7E FAA
¢t SBAE 3070 zE]li 507X = E 7 flo] o
g At EF%ge g FEAgd o3 HF
kel vig) 5% olE A3 e} 7| optimality
error7} 10%% AE& neld o EHHFPLEAN VST
w3k ghel ok

old 2 : & dAdAE Lu et al[10]o] ©-& AAT
29 BAE tFojRuxt . a7 4o AI}FA
gk 2e] lx 2R AXA He 5§ 39 139
veht otk # 4% stationol WS machine?] F9 ¢
48 doldrt AFHAA AXA He ¢ 2 FTAHA
g el i g

3 3. Ao v,
Table 3. Comparison of the caleulation results.

MILP SBA
products®

CPU(s) MS  |ltereration| CPU(s) MS
7 604.8 381 110 85 397
10 - - 169 321 565
15 - - 196 78.1 797
30 - - 396 703 1531
50 - - 652 3371 2472

Enter-1-2-3-8-10-1-2-6-1-2-
3-8-9-1-2-3-8-10-1-6-
11-1-2-5-1-2-3-8-9-1-
2-3-8-10-1-6-11-1-2-5-
1-2-3-8-9-10-11-1-2-4-
8-3-1-1-2-7-8-10-1-2-12-Exit

o8 13 Ag4telloiAe] A ZEE,
Fig. 13. Manufacturing flow in production line.

dol= 570e) Bt M EAe) sl EAS 537
A Aoz sy B¢ BosA He 0-1 W
T (Foly F)X @A F)xX(F FIXAAEY §) =
5X60X40x5 = 60000747 At 49 EZ==Z 3§
7189 e gHME e A B Relnh H5E
SBAZ 3% AAE vehln Utk delH e AErt
570ell A 10701 ZA7EA] FasiEsiet. 18 145 8749
dolm o] AZe A ALY 23S HoF1 9ok

V. Conclusions
AF7A RxA FAHY B4 L A dHAYSH
< 9% FHZ U uls) AwEsity Z2YAThe) dA
Sttke 7H4S e 28R g shia &A7t
HH(SBA)E AAIEHACE SBAE Zb product®] stage
ghte] =2 HHASA AAH scheduling listE 7
ol ¢neEo g2 B4 £5& wW=A 37 A

M o
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4 oA 28 9% dlojH.
Table 4. Data for example 2.

station number of | number of | processing
machine visit time [hr]
1 4 14 05
2 3 12 04
3 10 7 25
4 1 1 1.8
5 1 2 0.9
6 2 3 12
7 1 1 1.8
8 4 8 0.8
9 1 3 0.6
10 9 5 3.0
11 2 3 1.2
12 2 1 25
sum 40 60 16.2
bR MR
= =SHE= i - <
E OB oas T T
: % ﬁtiéé ‘%:‘:%éa T mz_%{feﬁ?w“g:
15— issimm :iz*:":si Ee RS
Wi i PR
R hrde

a3 14. dA 29 tF Gantt ZFE.
Fig. 14. Gantt chart for example 2.

¥ 5. oA 29] 43 A=}
Table 5. Computational statistic for example 2.

SBA
productd
Ttereration CPU(s) MS
5 300 298.1 739
8 480 1629 838
10 600 3750 905

Zt ==29] AAZol(depth)9 FdA]ZHremaining time)
< n33 AIF,E o)At FIH mdag o
g3 HAz sl PHL o TR =AML & EA
gatd Hgstr] SN E B 9A% A 2PELS
HE3la WsEY 72 29 F de 99 A 7Y
EL AgEdol e T Kt} e A7 gesid
HHo| SBAE ©]43 ZA$e AATEY EA diF
Aol 7bgetda HFo 77k dXAEY ARE F
T 5 AUtk 53] AAHe SduEe vieA] i
¢lo] Halyoz tEEF AT E HEs s ot
LFHE FFAFANE i gste gngEes Y
=3

RIO1- KISS - AREIBSl =2X) M4 M6 19% 12
ZHugsl
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