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Abstract: It is well known that the production scheduling problem is essentially combinatorial, and generally there is
no polynomial algorithm to find an exact optimal solution. Thus, for large-size scheduling problems people use heuristics
and mate-heuristics to find a satisfactory solution. In practical applications, many industrial processes are subject to strict
process constraints. For the scheduling problem of such processes, it is very difficult to apply heuristics and mate-heuristics,
since they cannot ensure the solution feasibility. To overcome this challenge, with the scheduling problem of cluster tools
in wafer fabrication as a case problem, this paper introduces a novel production scheduling methodology based on discrete
event control theories. With a Petri net model, a state that violates any constraint is described as an illegal one and a
schedule that reaches such a state is infeasible. It shows that, by analyzing the schedulability, the space of feasible solutions
is obtained and the problem can be converted to a continuous optimization problem and can be efficiently solved. It also
points out that it is applicable to other application problems.
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Fig. 1 The illustration of cluster tools
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Fig. 2 The Petri net model for the system
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3 (12) BIHLAR T 8 1 B 18] 23 B AR R, s = why+
Why +why +wh Mg = Wi, +wip +wy +win +wi +
Wiy A& MU T 55 15 I8 ). 73 g0 2 1) ) DX 51 55 gy A
Too Z IR X TZRABL. 752248 H 1UAE, oo AT AANEE T o3,
u&ngﬂux%ﬂ:ﬁg, {ESOQ + 1M = @3+ ﬁgﬂzj.
43 TFATRREEAM AR
BT UL B4, BLAE T AR AT R A7 A
A R S R BA B (1) —(14), ATLAS R
gh IR
V=@ +m+ @2+ =01+ m+ s+
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m =71+ (A4 win) =, (16)
o1 = To1 + (A + wh) = @1 + @a, (17)
Tos = Tos + (A +why) = +1n2,  (18)
T =T+ (Atwp) =@+, (19
T2 = Tao + (A + wiy) = m + 1. (20)

R, o Min a2 ORI AL I, 288 F i rk
KR, ERIE T, o1, To0, T3 a0 B2 BT g, 1o,
03 MIng, L EI A U U T 6 B Fr g, ; 1 55 A5 6 ).
M2 B 7 T PNASE 2R 2 s AR RN ] 601, 4 LT 1)
SERFIT TR E 2 5, BT A MR T R BT 5535 O e
KRR, RG] DL A AU 55
IR TA], S5 E I A LA T P A5 AR B[R] S, ] R
(1) B AE T o Ae] U 15 WLk 3 55 5 I8 18] 4845 % BT
FIPMZIER ()il 2, Rl RG> R .

I TH] 8 22028 s mT e, 3 ok A 15 WU T (R S5 R
B () ] DAE SR AR B F o603 o (5 /2 PM PR 3 B B[R] T
PRAE fi [ AT LI C5ese, R i v a8 A U =55
Ry Iy ) 4845 2R G0 R FRLE A IR 2 0] A 1) 2% 1 22
AHDE R BE . LU B45 Fok B SCHR [24], TR
Fir bR, X B R 45 HE S50 AN ERAILIE B, G R 1 ]
PAZ25 3R [24].

E 1 S AT 1 SRR AR A
il 15 1) m = Tog + Top = g1 + T30 = 3 2) 4y <
71 < a1 + 01, as < Ty < as + 0o Mag < 73 < az+
83,1 € {1,2}. A4, XFIX BT B4 A 1% 1 B i
AR — AR RS RE AR RGA S HIEE

FEE PR SRAE N, AT HLR TS5 45 I (RS 455—
ANPMTE R — MR R B TR AR S, [RIUL, 75 Ek, ik
(PRI TR) A EE AT 20 ie. B RIS A S B,
1, WMo M mas, 1 € {1,2}, MAZLE—AS LV X ] P,
X)) ST A0 BT TR

I, =a;,+ N 1Ly =a;+0; + \, i € {1,2,3}.
(21)

T R B M B R U ] PM FIPM 5 7K, 4
I ox = max{Il 1, 2115y, 2115}, FHF e, Bkl
AT LASRASAH R AT AT S

WEEZE1 WHR[LL, Oy N [201,, 211,y]
N (21151, 2 5y) # QUL Ry < I 208 5L, B4 —
ANATAT U EE AT DA I AR A5 Rk E BT 1 S5 A5 I
EIEIRE

Y R S R Y
1) w1z = wiy = Wy = Wiy = Wy = 0;

2) 0 S wfy = why < Mpax/2 — 11

3) why = Iay/2 — 1 — W5

4) wi + W2gl = yaxl2 — T — wgl‘

A DUUE B, BRI I, A o1 = Tae = Ty
= T30, AR =M1 + Mo = g1 + T30 = Ipax = 1,
gk 2 1 E B LI S A DI 2. BRI, REEM 54 2
IT o TR A8 B ORAIE FH BV 13RS I A0 2 2 B
T2 E2).

EE2 & [y, Ty N [20, 21T,y) N
(21151, 21T5) # @5 2) M1 < Hax/2; 3) HLIK T 55 £
I [] B BRI e . 8 4, P 3RAS 1 U B2 BT A 1)
PMIJi 2 29 (1).

YRR S A 2, T T2 T B B2 e ok
RAMATHIAEE, M PRUEIREIRES A2 H L.

WEEZX2 WHRIH./2 < <Iy,ic{2,
YL, A AN TSI TR e U T

1) wip = Wy = why = W, = why = wh; = wny
= wj = w§; = 0;

2) wh, = max{max{Tyax—m, Ilor, I35} — 1,
0}.

P W8 SRR 2 BT 7 WL 37 55 AR5 I [], AT DLIE B
T = a1 + Moo = 31 + T3z = N1 + max{ I ax — 11,
Iy, 3, 01} =L, TRR1E B R 264 1) 2.
B, KRG8 2&n + max{ . — m, [or,
I3, o1 }. EE2FTRAS R B AT AT Ve e B3 A
FHSZ55E.

B3 BB a2 < < iy, i€{2,3};
2) m < Ipr/2; 3) HUAK 55 45 I [A) B R0 E20 . TR
A, FITERAS O X A I PMUSIH 2 203 (1).

SEFI3E R, < Iy, € {2, 3} Ky < ITy/2.
et — AL Wk, > [y, i € {2,338
> I11y/2, 5 AT ATARAELE. N TR € BEER, a0,
> Iy, i € {2,3}, REAAFEATIRE.

EM4 BT € {2, 3MEB I,y <, A
ARG AT R RS AL

HaE, FEFLLRAT N, I p/2 < m O, RS
PIRT DURAS B di AR AS TR B, I e BRAG T HZ%
.

EES ) /2 < < Hyyi €{2,3};
2) Iy /2 < m1; 3) i + max{Ilyp, I, 1} < Iy
4) WU 25 Rt ] ph B2 e . 04, FakisriR i
XF AT PMESH 2 25 (1).

PL B8 B SR (I, Iy N (2105, 21T5p]0
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E = {Z‘Z S N37HiU < Hmax/27i c {273}}FDH1U/2
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(23)
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.
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