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A Petri-net-based deadlock-free genetic scheduling for
flexible manufacturing systems

REN Lei, WANG Feng, XING Ke-yi

(The State Key Laboratory for Manufacturing Systems Engineering, Systems Engineering Institute,
Xi’an Jiaotong University, Xi’an Shaanxi 710049, China)

Abstract: A deadlock-free genetic scheduling algorithm for flexible manufacturing systems is presented to minimize
makespan. This algorithm takes into account the facts that jobs of the same type have the same predetermined processing
route, and the processing time is different from different job. The operation sequences of jobs and the allocation of resources
are modeled logically by a Petri net. In the proposed genetic algorithm, the operation sequence of all jobs in the system is
encoded as a chromosome. By using the deadlock-avoidance Petri net controller for the system, the chromosome is tested
and amended so that it can be decoded into a schedule that satisfies the resource constraint and the deadlock-free constraint.
Thus, all chromosomes in the algorithm are corresponding to feasible schedules. Experimental results demonstrate the
effectiveness and feasibility of the proposed genetic algorithm.
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1 #73 (Introduction)
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Fig. 1 The architecture of control and scheduling of flexible

manufacturing systems
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systems and their Petri net models)
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Fig. 2 Petri net of a flexible manufacturing system
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ance Petri net controllers)

TEEN BT 7 45 i BE R GAE SR T, 1 B2 S
T TRE R A0 O I S At 2 B A Petri P BE LR, ST
HR[7,814 H T SE B 428 ) SR s, 3 P il SR s A
AN BE B4, 1T H.EL A Petri W S L. 45541 25 fl Petri
SEIA A TR 248 R G AT 0 i 5 B AR SOR
e FIX — I AR 2 IS MiPetri W B Y, £33 R G
TG A A J53 A R 5 SR O kb, 3 LT B [ T Y AE
B Petri P4 4 il 5%

SCHRI7,8140 KT T 22 P i 2R 40 19 SRR i) .
ST RGPS RT-] % 2 W] 7 ¢ &R RT-0] %052
Z GiPetri 15 T PN ) — 257 ) 9] 2%, & 404 5 5%
WAL FNARIT 45 i HT[0]F1 R[] 53 7326 L i1 P
HART MBI B2 . # Ry = R[], WIFKOK K
T Ry RT-[1] . 41 RRT-[H 0% £ T'[0]) = T[6],
MIFROE 54 1. 58 £ RT-[0] 4 faj i A PRT-|R] %,

B0, 10,5 KT Ry 1) W 25PRT-|] %, 41 6,1
0y, B10, 320,100 7 B, 10 /B0, < O, HHTARA
KT Ry PRT-[0] 26 1K) JFA5 42 96 T~ Ry I PRT-[] i,
T 55 ¢ R i XA AR 6 T Ry FJPRT-[R] 2 2.
£ IR OC R, HEAME— KT, fiRRRCRSE
4 RT-] # YMPRT-[1] . F 21 PN (1) )T £ MPRT-
[m] % 2 4.

AR SRR SO — A i N (i H)AR I, i e 51
RGNk T s id #. FHI(0)MO(6)5>
AACO B A i N A AT 2 B S PN —
ZMPRT-[R| B OFN [ IAARIRM € RM (PN, M), Qi
RM(TI0)) = ¥(R[0)), WFROLEM N AT,

g3 1078

PN = (PUP,U Py, T, F, M)

O

(155 F R IMPRT-[RI%%, M € RM (PN, M), ™4 6

FEM R Ik BRI, 6 b 1) AR 3T # A 75 M T 1 5888
.

EX 178 4558 RGiPetriM PN = (P U
Py U R, T,F, Mo)t) — A~ % T %t J5 £ R, JPRT-
[ %0, & X K TOMPetril™ 45 il 2% AN[9] =
({pe}, T, Fo, Mp), JL ', post Xt N F-OM) — A 42 1
L8, EHIHIERbR IR A My (pe) = W(Ry) — 1, Fy =
{(po, V)|t € 1(0)} U {(t,po)[t € O(6)}.

EX 208 $5EPN = (PURUP, T, F, My),
& SLP N [¥1Petri P 42 il 2%
PC= @ N[e] = (PcaTchaMPCO)a
02

:/H\:EF[: N[H] = ({pg},Tg,Fg,MQ)ZEIL:XHLFJH:MPRT—

[F] B O 1) 42 il 4%, P& X N, T-MPRT-[H] i 1) 47 i A7

HB2HE, Po= {pld € 2}, . = UTy,F. =
0en

U Fo, Mpco(pe) = My(po)-

e

M PNAEPCH 2 F TR 52 15 R 4 1 Petri ¥
B[ %7 HCPN = PC® PN = (PUP,UPRU
P.,T,F UF., Mcy), ', Mip € PU Py U PRitf,
Mco(p) = Mo(p), #ip € P, Mco(p) = Mpoo(p)-

WW ={6,,0,,- -, 0, } EMPRT-"| ¥ 748, JL
k> 2, WMo = N kR(Hj,) #£ 0, et mT

1.
A8 7 0 LR U5 Ky R B

S| 2078 ¥ PN = (PUPUPR, T, F, My) /A~
BRI, B gy ey PC A PN
PR eVt G AL B Petri P9 73 1 4%

B2 xFan 2 s iliE R GiPetri M BT,
THTENLES ML, mo, ms N THE JIER M2, MR FEA
T BRI, ARPE 245 H R G 1 B FE T 1 Petri
PR M S48 R G A 0 T Petri AR RS 4 &I 3 T 7R

3 ANE L BEHR R GE 52 15 Petri M AR Y
Fig. 3 Controlled net model for the system without

center resources
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Fig. 4 Controlled Net model for the system with center
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Table 1 Job information

1 2 3 4 5 6

mai: 40 miq: 45 miq. 53 ms: 35 ms: 62 ms: 73
mo: 55 m9: 10 ma: 24 mo: 21 m9: 31 ma: 56
ma3: 50 m3: 20 m3: 25 mi: 33 mi: 35 mi: 44

K2 EELER
Table 2 Scheduling results

Ma-ms Mi-ms Av-ms Mtime

Pe=0.8,pm=0.05 201 194 197.0 1.592
Cl pe=0.8,pm=0.10 198 193 196.0 1.603
Pe=0.8,pm=0.15 201 193 1962 1.614
Pe=0.7,pm=0.10 288 257 2684 1.59
C2 pe=0.8,pm=0.10 279 257 266.5 1.599
pe=0.9,pm=0.10 287 257 270.2 1.628

FRF 2211 45 AT LU H A AS X% p. = 0.80,
ARy, = 0. 108, 5 1 45 AU 540,
P S AN B 62 0 VR 31 Bl 4T 78 R 32 48 R Gk A T 15
B —AMEF5 45 B H R K.
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Gantt chart of deadlock-free scheduling for the system

m, 5(1)

Fig. 5

without center resources
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Fig. 6 Gantt chart of deadlock-free scheduling for the system

with center resources
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