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Abstract
analyzes and summarizes the production process of ATM, and proposes a new model which is named capacity-limit flexible

Taking one semiconductor assembly and test manufacturing (ATM) enterprise as the study object, this paper

flow-shop (CLFFS) as the scheduling model of ATM. By researching on the special scheduling logic constraints, strategies,
and rules of scheduling in ATM, we propose a forward heuristics algorithm which is controlled by both logic constraints
and scheduling rules as the general method, and present a novel predictive control scheduling algorithm in batch-prepared
one-processed stage. Finally, using the proposed model and method, an application example of scheduling in ATM and
comparison are given. The results show that the general method has the effectiveness in practical application and can
conveniently embed logic constraints, and that the novel predictive control scheduling algorithm can shorten production

cycle and improve enterprise production benefit.
Key words Semiconductor assembly and test manufacturing (ATM), capacity-limit flexible flow-shop (CLFF'S), heuristic
algorithm, forward scheduling

Citation Yao Li-Li, Shi Hai-Bo, Liu Chang. Research on scheduling in semiconductor assembly and test manufacturing.

Acta Automatica Sinica, 2014, 40(5): 892—900

A Ak d5F 22 K (Semiconductor assembly
and test manufacturing, ATM) J& & 5 o) H [5 5%
B TR =, R sl A B R R =k, B
A A 2 Rl B . AR s AR T
P 2e Gt 2010 4 i [ 42 s i 7 b A 5 4000
1424 fz7c, At i vk 383 447t (i

Wk H A 2013-01-31 kAT H A 2013-08-12

Manuscript received January 31, 2013; accepted August 12,
2013

H R E R LB H (20112X02601-005) % H)

Supported by National Science and Technology Major Project
of the Ministry of Science and Technology of China (2011ZX0260
1-005)

ALTHEMZ 08K

Recommended by Associate Editor LI Le-Fei

1. PERRE B R A SLBTFLRT YEFT 110016
Jb5t 100049

1. Shenyang Institute of Automation, Chinese Academy of Sci-
ences, Shenyang 110016 2. University of Chinese Academy of
Sciences, Beijing 100049

2. R A

NS 409 127G, EHFEMRARAT A EE N 632 12
TG, FaF RN TR Y o e ] 2 e v B M T R X
RABIRTT ) L7 — o 3 1B 4 R B 7 M s
70 %. 158 vp 2 AR P ML A b AR PR A B
FUIE A Y G AR I A P R AR R
G R A VE BEOCHE N 2E, B E— P A b 1
SRR ANV RS 1K) BT B

A R T AP B R A R Bh A TR
FRAS TR SURRHE ™, 48 R AEAESE b2k = 2w, e
AR PR IR ANAR oy i 1 — A I ) B 1) 2 = i 22
HET %, A sebrAde =i \EEM TR REH, 2 0 H 4=
THXIAR ST Bh AT BN e S B AR e i R
2 e X R A B L3R AT (0 S i R IR A
5 BARAH LE T3l A U BE R, 0 S I 7 22 SR 5 59,
{2 i T A =i i, B4 Rt i



5 10 LIRSS SR S 47 e s 2 2 g 1 57 893

F, SRR AR AR S DA G AR A Ay
FUH 5t RPN TG K, el Rz, BIHE™, 247
{31 B M Vi N ] e Vs P = RS

ATM A= R iE F AR =28 1) g
TIB B F 151k, WHRA BEON R 7 ikb) 25 %2k
T3 O IR 28 SR AF e e 1) R B 7 %6, R 7 22
R TE IR TR], A& A 55/ IS 52 ) . SR
(6] H4 VR B BN TV I ATM 1) P B B il
i) 51 R O AR B HL & B A B e T
D7 FLEAT TARMF AL ROR. 2) FE T3 R T7
2, WAL AT | WOREREE S %2 HAT R
WA R E R, R, HA R MR 5108, /2N H
FRASE T T [RI R 52 30— (R BRI STk (9] ) H O
AT ATM (20 1 8 FE AT AR AR )
BLAGHUD, 0T RS 1) 8, AR M 7 R (10 I i)
WEs S aF b g 3. 3) JET i3 A R iy vk,
J2 o L IR I AL AL T vRDO I B ]
TR ERREAC. 5 T 508, AR SEprrh 45 202 1Y
R 0 AR A 7= 2R L B 2R (R AT AR 340
WL, REAE AR = L AR AT 78 43 (il A2 5 AR,
Lu %55 780 F0r0s R AR A =04
X 2GR A e RS el D 2B 7 I R AT RO U B A T
WEFE, B T ARLF (R E 50 s SR 09, Tovia 55060
ATM HE5 By B 1) e £ 418 & ) st gk AT w1 9T, K H
— P R TR AR AE A HE & i ). Chua 2507
EEXE ATM BRI B, 70 & T 26T )8 R AR
M) APS (Advanced planning and scheduling) %
48, Yin U8 BESCIF R T 3T R 2O 1A BR
Ae JHEF” 24t (Finite capacity scheduling system,
FCS), X8 R Ge 42 M FH TAFIG s £ 0 (Job
prioritization rules, JP) FIHLA LR (Machine
selection rules, MS) #& il SCHULtL, H & RN
FI#E—48 ATM A, B3 T AR G 1 8 F 2k 001,
SR, IXBEAF 5T 22 2 10 dab 28 P b i — B B 1 3
JEE 0] REREAT VAW I, FEAR S 2 AP B B ARt
FEITZ, RIS I A 4810 3 e G B D7 VAN A 5 1 5
PN SR AY, IR FE 3 S Br 32 4 2 R AL 3
oAb AT H A FH A 4 249 ORI e 2 8 R0 XL
JEARATE I IE P A 7= BEAE N 2 S A 3 e K )
SVARHE I, [RIINER AL £ AL B A B B, R
HH T R RO AL TR A vk

1 FEREFEMRE =D
1.1 IEZN4E

S s 52 7 N B W R o S N D N =Y I
B W LRI, B ITEL. DI AR A

R B DA 028 H B 45 )7, o Hh— Lok
TR i BT A T SO A I AR AR B . A
Tk R AT R AR A R R R 18k B R R
WA B (Wafer) DIEI g /NFIE B (Die), SR 544 D) E
Lt 1R P 288 T M 2 0 I 1 15 | 2R HE 8 1 A L
TR F R A0 1 42 22 3260 i B I R I L 2
SERRIRIAH L5 |, 60 R T 2 SR (1) HL % s AR i P kT
(1) 80 i R AR 52 i DA e 0P, Wi 2 e, et
T—RAVEAE, WOBE G DA A A
JATENAE T2 B 58 e AT i i MU, i % 425
K S IR A28 T, e Je N JBE B

1.2 #HFEZEESH

Her= (1) = ZE D RE 2R 0 TAE b e He e I T
Z S ol i R e (SN A R ) [ L1 O M B X0 ey
AN RBEEI N B N TAENME . i T & RN n T
[A].

1) AR, 23 Rk ds e il o 7= 2R s
BaniE 1 Fros, SR AN T, EIT
AR HNINT AL, AL L Lot hy By 3E4T 4140
A7, Lot At AL ik R v 1) Ja) 5 50 2% 8100 5 19 3
NN AT, BRI B T — AN B N A
ST LA Die. Lot 2 A5 & RS- ik
BE AT, TUIHER= I R0 4 A A M P 8 2% ) Lot.

P
wan 1 || w2 | s || a4 |
| Lotl-1 || Lotl-2 || Lotl-3 | | Lot3-1 || Lot3-2 | Lot3-3 Lot3-4 |

|
Di¢ Dic Dic Dic H Dic Di¢ Dic Dic

1 S ORI K
Fig.1 Production types in ATM

2) ML ¥, PP AREEEMA, A s
HEPEK, R TRk &8E LT, FKE-—ET
FPAFAEZ P 5 B 9%, 7 b ANTF), B B 4 R 2K
REA . H T HZUVE AL Lot FEARITIER X
EHUBAT W SEREANTT 2 1) AT, AEREIN ALK ),
Lot Al LLpfEZ G HLds LR, X2 EHLG4IM—
AP 0, EARSCH AL P B S TR, DIHLA
N AR EAIN . IR F I B N 1% 73 D4 PR
ol RNV A ZUE 0 T, Ak 73 Bl £



894 H | 1k

F {4

40 %

BUdL; ZECLRAHLG A2 W TR, I TAR Mk i 215
.

3) M La). AR A 1, T Lot
1 Die 3R, %2 T/7H UL UPH (Units per
hours) E4 1SN 025, LR RN IR AR 1)
Die #tH. #F b pr -GN LIN A1 5 UPH 45

(1) o,
tij = nZUX ,60 (1)
2,7

A, i 8 Lot 4 75 L7 5 BT ia], BLy ik
AL, ny Ron Lot @ Frtl & (1) Die #&; U, ; Kow
Lot ¢ f£ )% j ¥y UPH {H.

1.3 4FREFLHRLE

e AR BB A R T, AR IR Z R RN
AR, HEre iy, TR T AN 1R A B

1) & AAFAER BeHE =@ 4 b 3. 2% 200,
FAFAE IR B, T Lot I ARYFI 581, [7]—dbFh
P AE g — AR U T, RO B, AT HE
PRI, TR R T A B Lot TS 1EN
AR S 5501, JEHWHE X S A Z A Lot, TMie
H 2 Lot 4147 4it; Lot #7435, LA Lot 4 H
REArIE. 7EPF 2 BB B, J& T R —H = e pr
Lot FTRTHFF T (8] A1 58 TN [ AH R, o & T
56 LI, BRI T A B et i A7 Lot (1) 4b B
I )2 0, sk (2) Bos.

Bpj =S+ to;

i€y

(2)

Ko, E,; Jor Bt p (058 TR S, Rmtr
He p MOTF TINT; ¢, 208 T4 p 1 Lot i 19
Jn s fA).

TEm PRI B, P55 58— Lot J&, 1% Lot
] HAEEEN R BT, TG T R AR L)
B Lot ¥4y 525 )a & T

2) WLAAFAERY B =2 i ab 2. DAMLAL Dl B Ar
LA P2, INTCEESK by Lot ZEHLLH BB 5L
& WA RS, A Lot N Log a4 GEEN
AL, Lot A= #e v, HLAH W T4 —
BHLEEAS FCVFHEAT HoAh Lot (0 L. WHEF= 1}, wf
BEHLLLAE y— N 4K, # Lot 43 FC4h #EAHLAL AL F.
SER AR PRI TR 25 T G e R eI TR S AL AL &
MR, R (3) B,

tig (3)

mj

POV AR BRI ), ¢, ; RN H B

— / J—
Pj=t;=

FAvC I

LRV

AP T], my e RN TR 5 HLAL k IHLES R

3) HLHER — HEAL BT Bl i A AR B o A
Ji B e A e (T Y, BT A R HEA,
ROl A5 — LT B4, 24 Lot A% —5E
L5, T %A Lot — i NAEREATJLRE. Hir= i,
) P LR AL B R, MR Lot MU AL B/t
I, WA ALY AR AL B FESLRN B, T
Lot ¥ 40 HHI (] Ay [ € BB IR TR, AN e UPH BEAT 1
5, K (4) Fros.

P ;=1 (4)

4) HLHES — PR B HE 2 A B O Sk
BRI AR B, TR &R, A BAERE
—MEER Lot HAAIAE|— w5 A Ge T ahpL st
AT, AR TR, AT A Lot — kM
AT, T ARAESANK ) MU T, HA S Tk
(1) 75 BEAT I T S HEE 2% — Hb A BEAS [A] 1) 5 22X
B eSS — AR B [ HEAE 1 Lot IFFLR
D/ I S e ) O T N BT e R
o R4 AE P 1 Lot B4 0 1B TR) R0 25 5 1
TRV AH ). HEP= I, ZEHEHE 2% — AR BE Y B[R FE AR
UEfCENL G I DL, [, S ROS I — e M, b
(RIS 0 TIPS Lot, B S 42001 T Lot #1460
LITA) Sr, ) ar, S5 T HTTHOIN L Lot 45 AN LI )
Er, vy, W (5) Pios.

Sripim; = B (5)

2 FeREIRAEIR % A PR

20 40 90 AR, Jm T 3 e Ik B i I i [0 )
12 AR, T2 AR B, 2 Ak
B A 7 G 7 I A &5 A VRS TR K G Rk
i) @ (Hybrid flow-shop problem, HFSP)!%). B
P AR NRE A5y TR e R (R ke, B
DA A ST A M ARFE A 45 Ok B RTTE 2 ANl
T HR, AR Rh 26, T2 MR a 24 DU
FEMR AN A BT 5, Ra LA R fian T 1)
AAAEZ AT EAE, I N T Rs b i T R 8
[F—hn o7, el g kA, B, iR —TE i
FRAESHEMNE TP PO — P1, W HARAT AR
A S A 5 I TP AR e P1 — PO LSRR
Az 2) TR0 SRR R A [R] R 0 A 58 S
T2 06 2, AN R0 TR v i R — P i
B JC 58 5 U7 20 45 . 3) Rl T3 A 4E 2 Ppa Y
IR, TR AR I TR, A 2R AL
& EA IEA LI B P %



5 10 LIRSS SR S 47 e s 2 2 g 1 57 895

PR RE RT3 A R A AR 2 T R,
R BT T A I R R A A [F) 7 1), CAT LLA%
ol — Sk 2, AT IR e 0N T, (H & HAL )
MUK Ze I AL i X Em/KE i T, /£
F ERF R B A = IR 0, ARt A
B “r=RE IR TR 42 0] (Capacity-limit flexible
flow-shop, CLFFS) B fF 4 - T A d5f 2 il ik A
(R AR = 15

77 R PR 8 TR S A AL ) ] Fi A Ry n AT
PEAERUK Ze AT m ANBY BN T, BB B b
6l a8 Bz Gailds, B4
B B AN — & I A B TARNE A T i 15 %A
TARMEAEFH N (R0 TR Be, Haefe 3 T2 Rvrif
& B HE A R ) I R AR R
B IEOL, 7002 AR AR, DL—E i PERE
FaAn A HoAw, B i TAEMEAE 5 T i i % 23
FAAE B & L rn Dy, Pldse/Mb ek i L 5¢ LI
i) (Makespan) 4 HAx, BUAR a] @ arin h:

min _max {Cim} (6)
s.t.
doah=1,1=12-,n;j=12---,m
icl;
(7)
dah=1ie€l;, j=12,m (8)
=1
vk =1, Fay=1 (9)
keMj;
Z Yijk =0, 4 x5 =0 (10)
keM;;
Cij < Sigj+1), Vi,7 (11)
Cij =Sy + Py, fay=1 (12)
nglsij < ng(zﬂ)sij (14)
i€l i€l
szllyijkcij < szbyijksijy L <ly (15)
iel; iel;

BRI RoR A%, § o LI B, 1 Ronfr
BITH, k Ron T/ NME B 3 & L sipldl;
I; FORAEMN B j BRI A § B2ty, ny RoRAE
it j e S PR TAF S8, m s BUE L, My,
FoRMr B § AR AR B T AT ¢ &G oy M 0-1
A, Ron TAF @« fET B 2RI L L, Wi
A7 L, HGE A 1, A 00% 0; 2, Jhy 0-1 A5,

WA @ TR B 5 B fFAE s 1 A7 a8 WIUE Y 1,
IR 0; g A 0-1 A8 8, WR LA ¢ 7EBYBL j #
2R k AHLE (BHLAL) T, B 1, 750
N 0; Sy Fon TAE ¢ 7EM B 5 TN LA Oy
FORTAF @ fEBVBL § 58 TR Py o8 TR0 18
BB (1A B ).

R (6) Foafe/MEsRsE T HAR. R (7) ~
(15) 4 CLFFS BRL R4, o, 2 (7) Ak
(8) LRUERFANHIBL, WL A Fr A 73X ANB BUAE A L
TR AR — A1), 2 (9) Ml (10) RastE:
i — AP B, 7R BoAr A i C L i LA L R
ZM BT e AR B T AR — G e (B4
T S(11) RS A L R AR I ) 06 25 i
BT Jaris; X (12) Mk (13) R T
PEAERE— B BEAE AT N T 0, 0058 T IR 2% T JT 4R
N ] 5 0 T s [R]85 0] 58 T i TR) &6 T 146 0 T
P I); 2 (14) FRom DARERM G 6 kAT AR BEHES,
HEB AT BT R LA T 46 Ab B 1 i [a] i 5K (15)
TR AW B ECAE R — WL B, HEG S5 I L
A DA 00 S AR HEA S I 1) AR n T 58 B8 S5 A B TT 4R
T

g CLFFS 5 HFS 2 W riAR: 1) HES
TER AR AL — AP B B 58 B — i LR R0-2;
iM7E CLFFS ', &AL B 2 —1i )7,
WAL TN L. 2) HES SAEGeiiK 4w 5
HATHLBE LR G, A B, LA IR NG
=223 i CLFFS o, PRk AT B e, n TAE
NI L KB AE B Be A 1) $a e HLas R B (1 i 4% b
ML, FEAREENE.

3 ETRAXANBBFHENR

CLFFS Hir= A HFS #Hir=—4f, A NP ) i,
FLAE SE Bl SRS R AE = ) RIS AFAEAR £ 1
ArFAR. BT R RN SRR R BT
ST RIS A DDA SCR 3 T i & QR0 1 5 v 55
CLFFS MEREATSRMAE, AE D 215 At e ks A4
FEIT.

3.1 HFEAERIERE

W B S A P Bl T T AR HE R A
T U RH=. 5T TARMHE B, AR
PP BT 1 A, AR — e I S 1 B R AT
—ANAEHES; SRR AT R IR, Sy BCE, St
SHEI T —AS TR T Ly 28 5 7547 F—A4
TR 2 HE. ST TP 2 1 TRk Er-
R AR i U /K 26 b T 1P AT 43 L, 3 T
XF—1 TP T TRl e e )a, ENT—iE T



896 H | 1k

40 %

Feit . B2 T AR A w] LU AR A 7 B,
{H 2 i 3 3 LA AN A 7 EAT 20 T, AR A7
AN AL Btk AN AN [R]85 b 21 17 35 -1 5 1R R = )
AT RAAE AR (R B B N 32 AR A SRR I 42
IR Ty 3k SEIL R Fa b, AT I8 B AR Pk e i bR
Ak, CLFFS fEA KA, WEASCR AT T
Fr R SR

BT TR i HE™, AR HE 7 1) ANTR) AT By
e EFPHERE RUEN P, IR R 2w i 1) sk
IR I AR DAy kS A, A R T) ) 9 i U 2k
IT#E T2, ST A 22 . (R
SRR (T B o8 I TR) B B4 T 2 AR 11 7
THIN 58 Fa I TR AR DR i, AN T T 22 4 45 PP
A AR & LR T T, A ST
BRI T, #EAT R A B 2
BRI BT, AR a5 R, e B s H 4L
i, AR SRR IE P HE = B 52 B Al i 4 3l X AR
e

T8 K AR 1E e HE - 71248 CLFFS
(AR N AR B an ] 2 B, HEr= i A i T
Fedtih, R UAE Lp e fm A e NN — 18 L
FEIIHE, IARIE T CLFFS AR A (11) (#ri
AL AEREANBY Berh, SR AR B A N L L
M CAFHEAT L, PRaE T 20 (7) FI2X (8) WL, [7]
IR — %€ ) AR e £, FEAT 3R A 70 e, R
WE T2 (14) B2 0 TARSEAT 20 e, g i
IR — B (BldL), fRIE T =X (9)
ML (10) L. S34b, 2 (12). X (13) FI= (15)
E V53000 I T I o 2 PRk H 2, FERR & AE HE
TR R

3.2 HEFERLERE

KA e BHE = 757, SEBUERE E PEREFR bR
1) = e R 35 2 — a2 T P L SE U i N . O
FEPL S AT 43 A W R TP T MS #E4L4¢ Job-shop
F1 Flow-shop ", T In Limie, JAA4Ef JP
SR RE ) T AF N T 1) SR M5 CLFFS 1, i
T EEAR PR A I R0 AL 2% 40 BC ) oG i 2, D)
BEARSE M BR T JP Ab, IV 1% A MS. Panwalkar
Al Iskander T P REFEFRXT 113 FlAS [A] KL EAT
TR G2 2R TP, /A SR S
(Earliest due date, EDD). 4t 2]IA %% i T (First
come first serve, FCFS) 4&; MS K7 T/ 24
WA AR BT B0, Qs B85 A0 T &AL
%% (First end first work, FEFW) . ¥ #% kA8 )1 K
FALSE (Capacity large first select, CLFS) %.

HAPTIfE J BB I T TR TR BOVRS I TR

l

o TR A, AT (2 2 ST |

|03 20004 B T, ORI IN T, O\ S v |

l

R 28 D S BN, o i 7 L T
MBS RO BUBTIRAE Y B

INRF I TAT 358 | IR T4

INTATS R T

2 CLFFS IEFH LK
Fig.2 Flow chart of forward scheduling in CLFFS

T ATM A2 g MTO R4l x-F
AT PR REFR BRBR T R BORL T RIFE RSN, £E T
A I 7 D ARAIE, i T IE T Lot 1Y
BRI T Lot JEiE Ly AR g THRAIRK
(Rrsm, WINAE B2 TR, JP KA EDD BN [
IS, b T ORAUEA 7 (R DR e MR SR VE, 78 )5 8k T
i, JP R FCFS B, MS kH] FEFW #Ll).

3.3 BEARML

P GEHE T RN AR J A A T 2 SR A2 R ]
R U P SE A AL, (E R R 2% RE S B A 7 4
WA FLRPLAG. BT ATM AR p=id 8 op, ek A e
LPREREZD, Wi AE A . B BL% . ks
FLAREE HEAE S ALAREE . BLAUIN T A%, XA e
FRRLRE R T LA AL A, A REAT A (13 A AL
ARBE, MR AT LI L 45 2R, e A7 s e
4 5 ARATSCET X HE A — BRI G, i A 2K
BEAT TARALAR B, $ OB IR TR ML A
PREDTI%, A 1 AR R, R 1A R AR,
AR SR AR DRUE AL A 7 L R Ak b R I 4
LR B BEA T RUZ PRI



5 10 LIRSS SR S 47 e s 2 2 g 1 57 897

4 —FERRI TN FALE R R E A

MR AR S5 e B AR J7 1, ik 3 2RI
FEPRAN 7T 3 R 2 B R T ) A5 FH IR R0 4R £
AWIARAAL BE. 3G BRI e B 90 8,
IRIZ 2 AR AL 3 A6 2 A AT R IR A
PEACAL B, $ 2B P20 as . AE B 3 1 a A UM
TP 1E P HE = Sk IR Sk il b R REAE & — R Ak 2R
AR B, A SCHR B — i T o LA G A R T
1%, PR RIZ B R BT AL, X 15 2% T AL
(R EAT S mr P, RIS Bk e /MR I, HLaswhnl 5
FIFF R RBEAT I L, R CRUE T ML S/ b k& 1)
W, HAAGH L T AR B s LA ™ 1
TR, RIS 4 T AR A, P T AR R

s T (VR Mb AR ST (] 24 0, kol £ oAb 31
2 g /NI TR H & N, TG0 L i
A BE T 0 SR v fak G R

LI 1. EHMES — AR B, AR %M B AT
AL TR Lot IR I AR AR (Waiting
job set, WIS) H, FHAKHE &A™ Lot [RETTE T/FH4s
DUINFTE], P HCHEAT HEY, 45 AOBCRL, HE P BEEdT (fR
UEWG A2 FCES FU); [RIEE, R B PR i 25 N ]
NI 4L (Spare machine set, SMS) 1.

LI 2. K SMS &8, WE A, Bk
LEEVT 3)

W 3. fufr WIS HFI &R Lot L N, 215
KT Ny W N, < Ne,, WEkEE S 008 5.

P 4. WIS FIEFERT Lot TN 1T
BLENL4E (Current job set, CJS), M SMS BHLIE
F—H&&, K CIS 1T Lot 7 BLLA %K 4%
M WIS H1i% Ne,,, > Lot, RIBAE CIS. Bkik 2
AU 2.

W 5. N WIS ks HE Pk £ 5 — 4 Lot
(ATTE T 55 45 K11 Lot), Lo fc s 26— N 3%
WA (WA N 158 1B 220 LA b R 45 B TR) K124
W20 Lot A TE TP p g s (a), HIL2ZE{H & /).
M WIS HflRi% Lot.

LI, 6. frfr WIS &8 A7, WA, W
Bhit 2008 2; I, g R REiE R — FLAb BERY BE I
BEAy e, N — B B

TOUIU T R4 ) B 2 A AE T e e ik =
SRR, O 205 PR 5 £ 1) T AL 1) 2E 47 3wy ¥
W, = BRI DR 4 B EI T, e X CIS
o Lot M AT T3 &5 oI TR HE 7 a4 ik bs id A
Ty, WMoy ooy T, LR RIRARIN R 0, Witk
#% M, 1t Lotm, BiK5EBIFHL, W ECAE & M,
1 Lot BRI Ll my ansX (16) fros:

Sm,j = Emﬂ’*l
Srag = Erij = Spivg + tping
Srig=Fri—15 =501 tln_1j=
Ti—1
Sﬂ'i—hj—l_ Z th,j
h=my (16)
Sene i =FErn, —15=
Cmin Cmin
S’ITN —1j+t7TN 1 =
Cmin Cmin
TN¢ . —1
min
S’"’NC —1.J + Z th,j
min [

Kb, E,, 5 0 Lotm, {EdbfEs — PALBRT B j 145
WISTE], Sy, ; 4 Lot (IAERTEL 5 WIF4G I T[]

TR AL A2 51 0 B 7 9 i O B AE TSR AR 7, T
ARACG N EHZIER 7y, AR 7, FIALEAGE R
SEE SR

1) Bk, =m, Bl =1;

2) FMHA (16) 75 CIS B Lot fEfibiE
2% — BLALPRRY B 1 T4 0 T TA];

3) LLERF B 5 JFUa I IR AIHIE TP j — 1 450
), Wit T CIS Hh fEE Lotmr,, =X (17) #k
52, MY M, WIT S T El S, = Er i1, &k
WS B, 2 =2+ 1, B R 2).

Srij 2 Erij1 (17)

5 MAMRSHK

N T B UE AR SC T H R 7 A R AR
FR G SZBrANL A 7745 5 CLEFS B K4 F 2 ok 4
PEREAT N A 5 LU, BB AL 5 A Lot, 8 A
IRy Be, BAASH R AR 1 Pox, 2T
e P e A A A (1) A (4) THES RG]

FiRIth Lot 1. Lot 3 #1 Lot 5 J& T-# 74t P1,
Lot 2 f1 Lot 4 J& T-#7=4t P2. FrEt 2 4 Lot ¥4
BB BB 4 S REHES — HEACHE T, f R Ab AL
h5; BB 5 ALl AR T, HLAL 0501 HAT 3 %
7%, 0502 1 4 G BB 6 At — AR T
7, AW G, BEwRS RN THER 2. £ 1
W s 0 KR Lot ANREENLE LN T, Wideph B 5,
Lot 2 1 Lot 4 ANRELE 0501 HLEZEF=, Lot 1. Lot 3
1 Lot 5 ARETE 0502 HLE A=, W RAERER B,
Lot 7EiZM BTG HLE RN CHRY 0, WK%
Lot {EiZM B TN T, 1, Lot 2 Al Lot 4 fEMY
B3 ETRINT.



898 H | 1k

F {4

40 %

#£ 1 CLFFS fM S5
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Fig.3 Result of the traditional scheduling
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