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Scheduling method for dual-blade multi-cluster tools with residency constraints

ZHOU Binghai, LIU Mingxiang, ZHOU Shumei

(School of Mechanical Engineering, Tongji University, 201804 Shanghai, China)

Abstract; To improve the production efficiency of multi-cluster tools, modeling and scheduling problems of
dual-blade multi-cluster tools with residency constraints and multi-type wafers were researched. Firstly, based
on the proposed conception of virtual buffer modules, time interval sets were introduced to characterize the
running states of the system. Then a non-linear mathematical model of the problems was formulated, and a
scheduling algorithm was presented based on the conception of virtual buffer modules and the swap scheduling
strategy. Finally, experiments were carried out to evaluate the proposed algorithm. Results indicated that,
when scheduling a lot wafers, the running time of the constructed algorithm is only about 0. 5 seconds, and the
response time of the algorithm is also quick. Comparing a lower bound of the research problem domain,
solutions are close to the lower bound. When the device factor is greater than 5, the cycle elongation R is less
than 0. 05. The algorithm achieves good results.

Key words: multi-cluster tools; dual-blade robot; residency constraints; time interval set; scheduling

B, ST T R OOUR SR RBP4 (1) o AT R A 42
T AR B 3] (fundamental period, FP) f31

B 300 mm & (5 il i £ A f 1R 4 SRR
VA LE A BUOBOR B 32 3 7 2 S M i ot

R H AT, Anfar LA SR 42 o 5 2 A 1 R B
B8, R B T2 S A i 3 R G R IR R G
AR A B TR A5 R BE I 5R R
N AN Perkinson 25" Fl Venkatesh %512 X B A~
AR FNAUE 2 R AR R0 A T WP Re BT T 4

RS EEA: 2013-03-28.

E&WH: ERARRELSRIWHE (710711155 61273035).
EERIAY: N (1965—) , T, 20852 , 1+ S0,

EE1EE . JAJHIE, bhzhou@ tongji.edu.cn.

BT IS T VLR T4 BE A B30 (pull)
SRS FNBUEF AU T 19 584 (SWAP ) SR

BP0 TR AR 5 8] (1) AT ) SRR A1 1 45
A B SCHR 32 S T [R) b i 527 il AE AR S R 1Y
PEEE 7 v AN YAt AR AN 5 IR AL T8
(], AU AN 25 A TR i A1 0 T ) o i[5 i 1)
THOUT 0 At AT T REFT FP 2087, 245 10 T —Fh
OME DT R AR R S RERY FP TR A OF 4
H AR (P PG VR 2 ik, Chan™ Y AR AE 2 IR AL
TS R A AEF G G0, 0 4R R A



- 84 - /S N = W N S ¢ 55 46 5
FEIREHEAT TRESE, M3 T — R TREOURZITN &0 AT T B 2SR DU AR SRR A Y
IR JRA TR R DT k. BRSO IR R RS

BT R AR A AR N ™ Be o, HYY
VA 1A B T3 A e 9% it B Ak B e 5
B ARG SCIR[ 6 - 12 ) X B B 2 oAy B4
ORIV A5 I AT T 5T, SR1M Chan'*7 45
L2486 A2 AR TR 2 R 2 ) 1) & e PR 7
A BT YA RE HEE) N TR R R R A
P8 BE TR . SCHR [ 13 ] 007 5 P 240 SR B8 4
WAV TEAT TOESE 4 ) 1 — T i T 1) 1] 29
AR AR R A

AR AE HE O 8L 2% pp A 3R (virtual buffer
module, Vy, ) BEE MY LR - 255 B[R] X [H] 45 HE

SN Ly b R

A G RE  f

1 AR

RS SEMI FRift E21-96 5 X, — PRI
#— e R A (load lock, L) | BAJEF ki BUEF
B T2 B (robot module, R,,) VLKA
Al BN AL (process module, Py) 4. L, B93)
RESE A ARIE , Ry T 5T 58 I I 1 iz | e ek
HIEAT 55, Py 5T B A0 — A SR AL
il 38 B A5 B R S 20 i 22 AR R (buffer
module, B,) AHE ZE M E LA, WK 1 BT
N, H C R b AR AR A

ELSE I ) 3
B 1

AR R S R R T 5 VA A (4
OAF— AR AP e Z2 TR SR AR A8 1 42
@M TR B 4 WA B, 645, JErp—
A By FIFEHEHE A MEAURIR A 1 SR, —A~ By
THAEB TR IR 4 10 R B, B % FURERE AT
— I GBI B, ORI A O, B B 2y
AT R 5 ) A ) Ry, R AU LR HLAK
FHOPIRE R 180° FIHCE , 5K 72 VP IGE — 1 &)
B, 7 A5 B 1] 1 5 0 0 1 5 5 @) A
Py — W REEI T — R ® G P, i
BRI 205, BN T 52 BUR , R AAE P, PIBE BRI
N B4 et VR i, 5 0 e B 2
W L LA s © B 9 5 LA R TR
i 5 P Rt B A S D G R, 9 EL )
I8 72 et A R — A S AR B A P — B
4P,

a5 F

Cp TR BT, HoP F AR m F
30 B TR I 5 TR AL I BB TR IR % 1
BH;

J A SV £ 0 R

C' ATEIZE R R HEP IS b SR

XU T 53— Rie
WEERMREHTEE

IETERAL PR 5

W

Ry, Ry, 53 RN 5 R AR AR T A8 R HLA T
P T

By, AT H#ERE C" A1 CM SRR

Vi FBRBEIFEAET Pyyioyy Py ZIAHY
AR G2 v e

My, HEHEHEA By -1y, ZHTTEE C" 1SRRI
WG —i8 TPy

M, R C" 5 " EET O oAb BRAR Y
HH;

M, C" P PEELE Y RH

@y, PR B TR, o it R A B AR AT T
F?,ﬂ'l Ay = 0;%5’3& PM;L,- 5 Bth IRk 1k
AT W ay, = ks

bp oy M S AR Py, LT BN TA]

/S 11 O B T el = R < B D2y P BE
Py BN TR Y BE 5

to oy N AETIF Py, BB SCVRSE R N ]

t, AR IBEITE A R, s B A b B
Py, BRSOV B N A AR 5

Loy » 1y N MBS IR BEAFARASEIR v, PTG 2R
INTHF ] £y, = 0;



514

JEVRIEE | 55 IR B 2R B U TRORL S 5 TR B R B T 1% -85

Lovn oy W FHEHEROTEARREYE V., TR SV
I B A Lovg sy = ® 3

T, 8 J, &% T HEEMTREES BT =
{ bp inislp s ’tP,i,mj 5 s lp g } 5

Ty oy 39 J, 76 Py, b A0V B R 1] X ]
TP,i,hj = [tP,i,hj’tP,i,hj + tL’,i,hj} 5

e B, AE Py, HREGSZBR A B

oy 9 T, TE Py, HES TR

b AT AE Py, R ETEIT I TE]

lpow 5T, MY EA By, TR S B B
Ay 1

top 10T, N C*HEA By, R

fpons 90N € HEA By, SR B IFIRHIL,

toy SIHUBRTEI2 J; AOmHIR], D%

by AHUBRT A T, BB E], R

by o ST NPy, ST Py, B
[, S B 6], AR 1y

Lyve, i b M Ji M Cp,(m =12,
BITERERLY v, T SE B R

tvpasy 9T N Cpp(m= 1,20
Kot et v, s

Live,in 79 Ji M CTm<m =1,2,- ,n) iﬁ/\@*ﬂ
TP V, 5 IS P

by WAE TR — 1 #3 F LA 77
b Y, BRI AR T

bowes, iy 9 J; AN Py B BIPCERE] T —
AAE PRS2 [ AEAT LT 09 T L 5 P A ]

Tow o 9 KA 1552, J54 h AMEOBE
FHIHUB TR BT R, 3R, XTI A
X [H]

Ty WTESHIIET ), 7E Py, TTATHOSS
1) DX ] 46, A& A ol(i,h,y) A IXIE, BIA
TFL,i,hj = { TFL,i,hj,l ’TFL,L',hj,Z [ ’TFL,i,hf,d)l(i,h,j) % H

Tong sy NAESHTEE T J, 76 By, 147 HIFF
IRt TR X 4R, B &5 AT dbs(i,h ) A IXTH], BIAT
TFSB,i,lzj = { TFSB,i,hj,l s TFSB,i,hj,z PR TFSB,i,hj,(bbs(i,h,j) % .

o,y N RESLAIREIRZE st rpr v, AT
FIRT ] X 1) 4

Tyovny NAE STV IE T, FHIASH ] IX i 5 o
T Vi BORTAT RO TF AR (1)

B @ TR, S BIEAE > Py BBy, 1Y
TR P 7] B S I [ 14 22 22 0 R TS T R,
SN — U B2 2R A R [8] T2 n] 15

U ts ingy = Tsighgs | = Lun s

— =
| by gy~ PLiyhy, L= 1y,

,n) FEA U

,n) FEAHEM

mhi

| b iy gy T Uiy =1y,
| tSBvilJlu'l - tSB,iz,hz/'z | = Lyp s
! tLBJlJIl/'l - tLBJz,hz/'z | = Lyp s
! tSR»ilahlfl - t'ﬂ,iz,hy'z | = Lyp-

M @ AT A — Py, 5B, #AN AT g
i S 73 g s A T O S o £ O 1 B A = <1
tL,i+1,hj - tb‘,i+1,hj = tL,i,hj Tt

_ >
bigistyy ~ teiviyy = b T tuae

BT AU ML TR SWAP S0, FOXT i R
R B E — DTS B 1R, BRI @ W] AT, &
[ 7E 5 A A 2 AR AR Y Py, =2 18] Y FF 46y 15 8]
SR [E] Y OC R AL AR AR
ls,i,h(j+1+a,-,,/) Sty Tin t 20y + by Lpyges (1)
tS,i,h(1+u,7,j) = tLB,i,(h*l)l + tM + 2tUD + tLD + tTMRES ’
(2)
tS,i,h(Mh’+l+ulhj) = tI,B,i,h2 ity t 2tUD + byt lovges
(3)
tspim = ligigm Ty T 2typ + by F tryges (4)
bsgin = Uipicnenm Tty T 200y + by + bpgese (5)
HI T8 A B A T IR IR O 45 44, s B AEAS
[ £ AL A5 Z [A) RS Sl AGE i B, AT Th %
PR AEARIRE (1) ~ (5) PRI AT 2R
J+1 T ay, s<M,,
M, +1+ay, <M,
BRI S G AT, SHIBIFE Pyt B E]
R T AR E], TR 15
pip = tpin>J = 1,2, My, h=1,2 - n;
by Stpipy T tL,i,hj’j = 1,2, M,, h=12,-- n;
X it B8] ) 3z A e A AE LA T 1 P AL
T Y B — S HUAUE B9 AT A s ] DCTR] Y T
prxcl
dg € 11,2,,00(i,h) | (s, = tystsin] ©
TTW,i,hk,q ’
j=1,2,- M, ;h=1,2,--,n; k=1 or2.
mm[BITE Py HPY B S B 45 B A I R] DX ] A0 25 7
Py WYHEAS R I E] X R T
dk e | 1,2, ,0(i,h,j) | ![ts,i,hjﬁtL,i,hj:I -

TPW,i,hf,k ’
j: 152"”7Mh; h = 1725“' e
IEJIE,X‘T BM &%ﬁnﬂ:h:

dp e 11,2,-,0b(i,h )} :[TSB,i,h;"TLB,i,hj:I c
Tows i b s
j=1,2:h=1,2--- (n-1).
VE R H bR JE B/ ME S 3 I T4 makespan , B

min fg ;. (M +)



. 86 - Mok EOL Ak ok o E IR %46 &
7R AT A KT R R 1, T
S e N - AL IR :
12 SR AR 4 F R 547 B B 24 511 U dgipgg \ | EOMEAGIED | AR
AU e SO | |l s g
SRR 46 AL A B B O 2 7 wigepn /| AT (TR P oty
JE ) SR D L IR ] A5
N \ Z B Vi,
2 ﬁ'%ﬁﬁﬂé !
G, BIASCHRL 14 ) vhA7 S ] X [ 4232 30 praneu Il A
(e X, ELARRER IR . e (AR
/JE.-H ‘ ﬁiﬁ‘ﬁ‘iﬁ i o sy A
N1 BRAMEKEET = (7,7,

T, | MBI A4 S = {S,,S,,,S, 1, T,,T,,
Sy, S, AMEIXE 1) TS FZE T NS
FoR; 2)TH S IFSE, T U S Fm.

EX 2 BRiABHXEET={[L ,H],
(L,,H,],,[L H ]| FMX[HEQ="[a,b]:1)TH
QMMM S TO® QRFER,T®Q=1{[L, +a,
H +b],[L, +a,H, +b],,[L +a,H +b]};
2) min Al max PR35 H min T=L, flmax T=H,
2.1 HiERE

BRI O REARESIA v, A R XUE 4R
ORI A8 FE ) Vel FZ [ A i AT v, A U A
SRR I B2 (R RELHEA TS v, AR S S
T XU (W MU T 52 bR _E AR S TR AH AR
1) Py (By) ZIEEGI T —A> B, 4 il B 7 AR5 B
LYRE  HUB T T LI I A B A > T
FRUE T —A B, SUE BIHLA T 5% 6 BV LR
T, [R] Fsf 7 0 o AR 5 8 FEL 1 g P 1 A e 2 i) 3
TV, B BEANIE 2 FroR. P, Z 18] AY (5
Bl V, .

/,’ Prih1 (P \\ I/{j{%\;/ Prin y P :/V;T\/‘\\
16N 1N 1@ ] No @)
P o= iel 1P o)

-\ S @& Wh)/

\ 1hd WS PR Pas 3
____________ D
2 EHUTEE
BT ERZC R, BRI 3

56, B VB U T 1) — A>T 5 400K A7 7 T AH 2
[ Py(By) BV, XA, 7 5E B 2 0 0 XU 4 o
TR 28 PR B4 VR 32 1) AT 2 £ SR A T )y B B 240 5
ATV, PR A SRR SR 2 A 14 R 2 1) L. ), )
HI Vy, ERTF AR FISE SR f0 B (B 2 5 (R 7 R, 1Y
Horpr— AT 09 T 18 TS5 AR 455 SWAP
e, I DAL R AR5 X B AT I, B BB IR R
SWAP ] BE SR, 33 11 56 L B2

B3 EHT SWAP RREHE LRI

2.2 FBHEBRMFERETSRE

X E AL G AT A SE R AR v, R
T B RO A8 R U] ) T, 5 T 0 B ) B[]
5, B B S A S i B AR X Y 45 AR
B (45 Py By WV, FIR,) BITFHRFISS T[] 25
LI (1% 8 I B) 75 A58 i 2P R AN 18] 4 iR, 307
W& T Py BT IR [A) HUAT 4 bk ] X ] 9 e K
{8 ; 715 By, BYTF AR I [R]HRCAT 47 X R e/ ME.

! I 7224 190 -4 T 47 X [
VR —
B l
S5 P S R i
> gk

B4 SEREEERETSBE

BARRHE TR .

B AR AT AT ] X R SRR, TV
UL AT B8 T 46 A0 25 I A D) 4R Ty,
Tyiyp.y FOTEER AR 5856 T OB g0 AN [R] , Al
PIAr R UIE 3 A oL .

1) e L B ERRET L, 19,84
R ET .

TFSVB,L‘,}U' = ( (TPWVB,i,hj D [ - tM/Z,O] ) N

TTW,i,hj @ [tM/Z’O] ,

TFLVR,i.hj = TFS\'B,L',hj-

2) E—AMEHGE Py, B RER RS B —A
Py R BESS R IR 23
= TFLVB,i,}zj = ( ( ( TPWVB,L',hj N ( TFI.,i,hk D

[ty/2,t4,/2])) B[ -1,/2,0]) N
Trwis) @ [13/2,0].

TF‘S\'B,i,hj



514

JEVRIEE | 55 IR B 2R B U TRORL S 5 TR B R B T 1% - 87 -

(3) R E— A BB By, BITHRE
BT By HRAR B AR IEIT
Tysviin = (CClowypigy O (Tog i @
[ty/2,ty/2])) @ [ -1,/2,0]) N
Tryin) @ [ty/2,0].
Hwk, MmBEEHEA Py Z 80005« it
A"V, IR BRI TV, e 3T
AR Hat AT .
TFS,i,hj = ((((TPW,i,ILj,k D [O, - tp,i,hj]) N
(Tovpipe D [ty/2,64/2])) @
[—1y3/2,0]) NTyy,,) @ [1,/2,0],

TFL,i,hj = (TFS,i,hf,l D [tp,i,hj’tp,i,hj + tu,i,hj]) N
(Tow,in @ [tp,i,h_,-,o] ).

B, KT By WA AT I B A2 s ] X [] )
R 5 Py KL, B, BYTHR AR A T A B Y
Vi VHREERA HAH BT AT

Tyspiny = CCCTowp iy O (Thayp e @

[ty/2,t4/2])) @ [ -1,/2,0]) N
Towin) © [1,/2,0].

A FR AT # R IR AR A Y
MU, AT DA— RT3 R I 9 AT A7 A5 SR [ [XC
(] 4. FE I LA b A 9 32 ) A 0 5

HERK T MBEATES V, BT R RIS A
) ST TARE T T LA ] ) 1 0 4 20 #r

1) bR T Al E 0 58 A A
B Ly,

Lovp i = min ( TFSVB,h,lm) s
I 2 B TR AR 1,1, + 102,

2) A b — AR Py, BIHRR R —

A Py AHICHER Y, ]
bive,ign = bsi ~ tu/2,

Loy i = min ( TFsvn,z,hn, N [O’tWR,z,hn] ).

3) Gk E— R By, BITHEE R B
—A~ By AHSCHRHY, ]

bivg i = tspinw — ty/2,

Lsvp i = min ( TFS\'B,i,lm N I:O’tLVB,i,hn:I ).

HU T MATE By, 19 TF 46 A2 o B[] 1)
PR S R IE T Ve O, I 0TS
NEATE

Tospiny = CCClown iy N (Thayp i @

[tM/z’tM/ZJ )) @ [ - tM/2501 ) N
Toy.n) ® [1,/2,0].

B JE s BITES A Py TG AN ZE S [
BOTHEE B T Py (FF R REIET Ve 10,
B A0 7 a8 a0 F

Ui = lsveinw — ty/2,

lgim = max ( ( [tL,i,hn Tl T Ui b T
t}’,i,hn}) N TFS,i,lm)'

2.3 ETFEIEH SWAP REGAE

Xof 4 SRR 5 45 T 118 ) B gl o LA I 2 45
BORMIEOLT 0008 25 WU 19 S VR I Fi B
[i], DASE B0 08 BE H 5. X T ANHT 5 B 2 R BR
il (8 XU B o A0 15 28 SR 106, SWAP SR g 2 HL AR
R FEE S, I B & 2R B T Ak ik 8
SR T A T B 2 TR WU A ORI 45 B
A5, DU ALK T 76 9 3 I 45 R 19 1) e e A2 4 43t
TR G2 e A SUE HLA T X — 1
FHALTE A 9T BR 24 o110 42 A AR TR0 35 1 1Y) R B 4 1t
T BT BE 2S (R). FEASSCIY SRR K SV 8L
B ARIBITE V), b B T 2 SR R 1] g
[RIAZERUE P, 9 — AR bR N2 SR ]
FEEIEIER) SWAP g, T 15 2% 42 o A 25 B
P4 R B8 6 N T B 24 AR R 114 4 TR R O 45 A
K, SWAP HEWE st 2 58 4 MR 4l b 152 79 Jn T e (1]
Kt E AU T 45 A4 S AR (%) B 8] RN, 76 % JE 3
B 2SR BRI L AR 2.2 IR B e
DI A2 1) — AU T 14 45 A Sh VR (R B ], PEAR 48
s [ 76 R FUL AL BRASEEIL 1 %) s R 5 T s ) 6 2
— FUNUBRT (4 AH N7 F) FF s 8 SR B[], AT 7T A
i 2 OUEE HILAR T X it 158 1 9558 1) 30 476 DIt A isf
[i] , DT 5 G IR .

3 GEER G

TR TE A AR SO H 0 RS T
SCHK [ 3] M & 9 % Al R B B 31 ( fundamental
period, F,) F34E N benchmark , 3 H. 5 3CRk [ 3 ]
ST RAOIE v, T VAT R L, T E
TR B ZEG Rk SN SO A AR SO B
SRR A

FP, - FP,
R=—"—"""x100%,
FB

FER D NIk B AT T Fy BOIERT 2R
IS BT, BIA SCHR 8 1 e

! pmax Tty
(NN + Dy,
FRIEAE A RED R, ISR, K,
I 55 AL BRI (I R, 55 18— Y 2 ]
O LE K, EB R, RS IR, R 2 R R,
A,

MR Bt ST F,, Ferm b B 5 1 7
TSI ; £y, 05 3CHR[3] TR0 F L
WA ;0. FER G ISR T 5 P

F



R

bt

- 88 - T

5 46 4

(i KA BRI [ 5 2y, 3RR 58 W — R 3 A B[]
N R R LRI P, WEH ;N R
WR[3] iy v, HerseH.

R T R FEARR — R R T, A
BB A B 7 T R AR X 1 25 IR ] ¢ Fng:
BRI ¢, AR AR 18 TE 2520 A b A | AR 4 Xof
A RO 2% TR R B AT 5 038 A 7 A, AR SO BE L
PR TEAS R B ) B 38032 B 1) 2, by oy A
W, 0 T 3R, & Jn , R R R AN & #F b A~
e ANV 2% & A WAL RS (0 8 H AR AR, JR N,
PR
3.1 EERESH

R T B A BB A R e 7 R X AR
B AT AT T B AT, SE R BT R . A
m=8;N = 6;T= 251, ~N(40,10);t, ~ N(30,5);
MR A LR % H R .5.10,15,20,25.,30,35 .40,
45 .50, Sy B SR AR B A SR A ip ). R
IEATHRE R B BE K 320 G B 2 GB N AE AN
2. 13 GHz =M S ¢ /R AL FR AR Y ACER > A2 il
AHLING. BTSSR A 5 iR,

~

(5]

AP SR
o

—_
T

| | | |
20 30 40
Al (R HD

(=]

10

BB ITRE

HI1E 5 AT LA 2 — R AL B & R $ it
25 (14> Lot) B, yL A2 47 R 0. 5 s, sk
SEUEET LITE 0.5 s LNZERXT 1 > Lot B94L
A . i i [R50t % 9 JE A 1) SR A B ] 2
PR SE RIS Lot UL T 3.4 s /2
A, AT RN 7 A R At P ) S A S A T
A [E] 5.
3.2 EEEFHE XN

W T Cp S I WTE 5 AR 5 T I LA
TR R HIZR A R AR RITEASAS Py B T
[ () 6 2R B8 . 1 48 PR - S B b i e 1) 2 7 4R
SR T A ML T 2T 82 1Y) R

ISR AN, = 4,7 = 2t ~ N(40,10),
1, ~ N(30,5) ;734 m=2345 RILTEC, =
1.2.3.4.5.6 B0 RAE, 5P E A PGB T Cp X
R 52 HA5 R A 6 Frk.

E 5

031

AN Ko

Cy
6 C. XHEEHNFM

M 6 " LA i FUSE R R R BEAC 2 bl
& Cp IZEHE KWW T B, BANE m (AR5 5
fhk i E mFEAMEL Y €, > SR < 0.05,3%
BHAEATR) m ) SRR A5 BESS AT T 4T i ]
FERCR T L, 78 SE B T U T ) iz B ) 388 A
XoF T i B A e Kn T [ E/N  DKTT C 3K, B
DIASSCHR Y B SR B BT 1 S B 7 X
3.3 ERBIGEHLEMINEZNEIT

AT B 2 H RN E XA R
AR RS T A B4R 9 L PR R LAl

TR R AR R R B A ) m (X Bk
MR LR B R A N, = 4,T = 251, ~
N(40,10) ,¢, ~ N(30,5) ;0514 m=23456,
7, SRR R AH, 704 m B AR B i
RESZMM 25 RN [E] 7 P,

0.06

3# 0,04l
00 A/

=0.021

Yy

E7 m3xt&EEEERm

R R AR R A L Py, BGE:
XPEEMERE IS M. SRR .4 m = 3,T =
2;t, ~ N(40,10) ¢, ~ N(30,5) ;50514 N, =2,
4.6.8, THHE AR RAH,IF50HT N, AR X512
P HERERZ I, 25 5 an &l 8 TR,

H L7 7R SR RE R R B m 178 1E, B
SRA BB, (HE AR UL, 1 I 3h A L 7 IE By
0. 01 LA, XS Rt e A /0N i B mT WAEE X T m
Ak LA By R e R 8 LT LE H S
B, BRI AE K R R LA IR R &
AR RS X T N, AR A BT &
NP, £5 AT AR SORA R %) B8 0 AN [R) i ) 4



5513 JE I, 45

BT B 24 SR B0 OURES B RO IR A B A 181 B2 T 1% -89 -

RIS HAT AP A IE I E.

0.04 -
A — A A 4, A —A
0.03 -
) 0.02 -
-
E0.01 |-
0 | | | | | |
2 4 6 8 10 12
JV;
B8 N, BEXEENZIL
4 % ®

1) FE4E ) HUS2 ph A B ARE 2 1) SE Atk b | A 1
TIHTIEIE SWAP TR B 14 7 5 77 20 3 FR il () 7T
22 T 1520 o 25 198 U 2 T TR A 85 ) 08 8 5
5, RIS S (R R AL T — A B 1k

2) TR A SR A T (AL, FEREE 14 Lot
BeE ) AT 0.5 s 254, Mal o i [a] 404

3) p A AR R 5 A% ) T X B R 1
BroJ i 4k &N F>5 i, FIEKE R B4
<0. 05, 7 B 53 1k AR T 4 4 1) 8 B AR
S, B m FN, BYAEAL, FIIIE K 3 R BAKAT 2L
W Bl B S SIAR XIS S AN ] (1) £ R A
WA R BC B HA BT 038 W M.

EP

[1] PERKINSON T L, MCLARTY P K, GYURCSIK R S,
et al. Single-wafer cluster tool performance: an analysis
of throughput[ J ]. TEEE Transactions on Semiconductor
Manufacturing, 1994, 7(3) . 369-373.

[2] VENKATESH S, DAVENPORT S, FOXHOVEN P, et
al. A steady-state throughput analysis of cluster tools:
dual-blade versus single-blade robots [ J ]. IEEE
Transactions on Semiconductor Manufacturing, 1997, 10
(4) . 418-424.

[3] YI'J, DING S, SONG D, et al. Steady-state throughput
and scheduling analysis of multi-cluster tools: a
decomposition approach [ J ]. IEEE Transactions on
Automation Science and Engineering, 2008, 5
(2): 321-336.

[4] CHAN W, YIJ, DING D. On the Optimality of one-unit
cycle scheduling of multi-cluster tools with single-

blade robots[ C]//Proceedings of the 3rd Annual TEEE

Conference on Automation Science and Engineering.
Piscataway, New York, USA.IEEE, 2007 392-397.

[5] CHAN WKV, YI J, DING D. Optimal scheduling of
k-unit production of cluster tools with single-blade robots
[ C]//1IEEE International Conference on Automation
Science and Engineering. Piscataway, New York, USA:
IEEE, 2008 335-340.

[6] ZHOU B H, LI X. Try and error-based scheduling
algorithm for cluster tools of wafer fabrications with
residency time constraints[ J]. Journal of Central South
University of Technology, 2012, 19(1) . 187-192.

(7] Bt . il 5 B 5 N 2 T A 4 TR 33 5 3 2
Pk [T 0F 50 PLSE CH & R S, 2012, 18
(12): 2667-2673.

[8] WU N Q, ZHOU M. Schedulability analysis and optimal
scheduling of dual-arm cluster tools with residency time
constraint and activity time variation [ J ]. IEEE
Transactions on Automation Science and Engineering,
2012, 9(1): 203-209.

[9] WU N Q, ZHOU M. A closed-form solution for
schedulability and optimal scheduling of dual-arm cluster
tools with wafer residency time constraint based on
steady schedule analysis [ J ]. IEEE Transactions on
Automation Science and Engineering, 2010, 7
(2): 303-315.

[10] YAN Q, WU N Q, ZHOU M. Petri net modeling and
wafer sojourn time analysis of single-arm cluster tools
with residency time constraints and activity time
variation[ J |. IEEE Transactions on Automation Science
and Engineering, 2012, 25(3) :432-446.

[11]LEE H T, LEE H Y, PARK D B. Schedulability
analysis of time-constrained cluster tools with bounded
time variation by an extended Petri Net [ J]. IEEE
Transactions on Automation Science and Engineering,
2008, 5(3) : 490-503

[ 12]ROSTAMI S, HAMIDZADEH B, CAMPORESE D. An
optimal periodic scheduler for dual-arm robots in cluster
tools with residency constraints [ J ]. IEEE Transactions
on Robotics and Automation, 2001, 17(5), 609-618.

[I3TXUBHAE, JEAR . J T [A] 24 42 1Y) 45 o R 10 4%
PHEETT )], A Bk 4R, 2012, 38(3) : 479-485.

[ 14]DECHTER R, MEIRI I, PEARL J. Temporal constraint
networks[ J |. Artificial Intelligence, 1991, 49 (1).
61-95.

(mEE B K)



