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Abstract: To lve deadlock problem arising in flexible manufacturing systen (A S), the concept of elementary

siphons in Petri nets isproposed Furthemore, a novel deadlock prevention policy based on elenentary siphons and

themixed integer progranming M IP) algorithm ispresented In thispolicy, the optimal elanentary siphons serve
for the control objects, w hile the deadlock-free conditions derived from M IP perform as the objective function The
w hole net systan can be controlled efficiently w ithout considering the dependent siphons Themain feature of this

policy is that the net system can be controlledw ith minimal controlling places, arcsand low computational complexi-

ty. Smulation results demonstrate the effectiveness and efficiency of the proposed policy.
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1
(AVS)
[1 4]
[5 7]
[8.9]
: 2005-08-31; : 2006-01-23
(60474018) ; (2004-527).
(1977- ), , , Petri ;

, ) , Petri

(1967- ),



1344 21
. P M:P
-y, In={0,1, } (N ,Mo) M o
Petri Ul Petri Mo M [t>
) t M Mo
. Petri R(N ,M o).
7, (N ,M o) , t ,
VM RN Mo, dAM’ RN M),
M'[t>;N odt T Mo[t>;
- (N ,M o) , VM RN ,Mo),
Petri It T M[t>; (N,Mo) : Vi
T,t . P(T) P(T)
Petri [2]- P - Z@:P - 2), z . (N M o)
, Jk  WYO0,VM RN,
Mo),Vp P,M(p) < k
N IN]:Px T - 2Z,
o NI O=- 1, p " ;NIp.0=1,
p tXt ;[N]J(p,H=0 . 0(1)
0(1). 1" NT |
[N ] . 1Q) P(T) , [
20020 I'[N]J=0(NJ=0.101I ={p
Pliz 0yl ={p P =0}
1)
S , ‘s c
S I
P . p M
M (p) > 0O, M (p) p M
.M (S) = ZsM (p) S
| P ,SCP S [
, I'Mo>0 Vp PS, I(p)<
™ IP) Q
(A S) 3
1 ScP N . %
S P Vp S,x(p)
_ =1 () =0 P P
2 Petri [Al
Petri N = (P,T,F), 2 SscP N 1
P T2Z®PnT=dFc (PxT) (T S T T= X[N]
x P). ‘P T  F 3 S1, Sz, Sh N
AP IFD ( T (M= (071 N0
) . , 1
Petri Cx={y P T|ly,x) F} = [nn, .1 S,S;, ,S« N
x={y P T|ky) F} T
4 S IIVI N



12 1345
,S1, S2,  , S« , S anM 1(Sn) - &) =
k n n
’ = 1’7, _ ) - .
S1,S2, S« 1 2.2 M o(So) (ZlaMo(S.) Zla.gsi)> Q
a1, az, & |N\{\0},i2 2 1 ,So O
5 S H\HE N ) 3 (N o,M o) ,S1,So,
815821 ,Sn, ,Sn+m HE ' ,Sn, ,Sn+m ,SO Sl,
S Sl,SZ, ,Sn, ,Sn+m 1 SZ, ,Sn, ,Sn+m l rLo =
n= I - i, Vk {12, ,n+ - n . < . N
Zla i jZ lal j { ZlaJli jZ 13.]’%].. Sl,Sz, ,Sn, ,Sn m
m}, a IN\{\O}' Vs,Vs,, Vs, , M o (So)
1 (N 0,M o) > Z aM o(Si) - Z ai&, So
—_— =
,S= {pi,piz, ,Pin} . N o 2
Vs, N 1,M 1), 4 N=(P,T,F) ,
. 1) | 1= ( y 1pil' 1Pi21 ] 1pin’ T 1VS’ )T |P || |T |'
N 1 P ,Z)M 1(\/3): MO(S) - ESyESZ n wp(n): 2|P|, sup
1,3)Vp P,Mi(p)=Mo(p), P N o
S 1
’ : sup(n) = Cle|+ Cho+ + cfl,
2 (N o,M o) ,S1,Se, C )
,SI'I ,SO Sl,SZ, ,Sn wp (n) - 2|P| 0
Sl,SZ, ,Sn 5 N - (P,T,F) ,
Vs,Vs,, ,Vs, , M o(So) > |P | |T |
Z aM o(Si) - Z ai&, , So n, m, m =
-1 —1 min(|P |, [T ).
m = Rank ([") = Rank ([A'][N 1),
(M) s P(T) i Rank _ ’
{01, ,n}, NuMy) Ve m < min(Rank ([A&]7),Rank ([N ])) <
Vszr Vs, ' [N]= [NG [T | min([P |, [T ] .0
| T = NN {12 nh T, = 4 5 ,
n 2
Z airéi.
— l
(%,, - ai, - a, ,- a)[Ni]= ,
My - a, - a)[No|%| |71 =
)\-sro[N o] - alrl1 - - an"ln = ’ !
- T
0o~ Zl a.i)zi - 0 Ios . : ; /""1
11 (R e - A s O RO Y
P <10
5 —
So L& 102 gy
iz FeAfFTHG
1M 1 = 10!
T
(g - @, - ) x 102630 20 50 60 70 80
[Mo'\/| 1(Vsl) | '\ﬂl(\/sn)]: 1o 19 S
XMo- aM1(Vs) - - aMi(Vs) = L

Mo(So) - arM1(S1) - &) - -



1346 21
1 Petri
4 5 101
S M
4 M
2 3 M
S.
, cDve =
1, pES;2z= 1, t& S
, ) D)Vt pL,vp= 0=>z=
6 (N M o) M= {n, 02)Vp t,ze= 1=>v,= 1
n, N} T (MnGi= 1,2 ‘1)z va- [t|+ 1, vt T;
= Rank K i {12 Pt
Jum m(m%_rml{" ) . 2vp = z, V(t,p) F;3)vp,z¢ {0, 1}
k n
mmzw
k=m-=r .
k<m,k>m k=m 3 minzvp=
. P | :
6,
1) k= 0,i= I,m= Rank([M]), s= &, ks 8 (N o,M o) VVp =
=@ Up € S},z= HtE S}, 5= {pi]i= 1,2...,n}
2) n ,
M, N0y ) ; GMo) < |P], GM)=miny vp
3) , k= k+ 1, n Dzez S ve- [t[+ LVE TiDw 2z
s, nNs: Pt
A iz i+ 1 V(tp) Fi3vzM(p)/Ss(p),Vp P;4)vs,
5) < n 2 zo {0,1};5M = Mo+ [NoJY,M = 0,Y = O
6) r._ , , 6)Ss (p) = max{M (p) '\/I =Moo+ [No]Y,M = 0,
2 ’ Y > 0). Y
7 (N,Mo) P | [10}
T T nG {12 9 (N o.M o)
) Tonn N, cM)= [P}
Moy, M , 8, .
NG {12 ,n}) T 8 m ,
N {1, 2. .n}) , Gwlkzmmva:n+
T m. , GMd) = Q
T = nT(n), '
5 d, sz
+d=m+n G(]\/Il):minZvp
G'M 1) =min(d)
M (Vsl)

maxz M Vs,)



12 1347
. , L B, B D, D
.G M 1) = min(d) nmaxy M (Vs), B, B L, G C1
1M = Mo+ NoY,M = 0,Y2 ; R3 D
0, 2)Ss (p) = max{M (p) M = Mo+ NoY,M,Y  C2 B M, C2 D
> 0};3)d> Q .
, 3 2 Petri
: 255 , 18
1) (N o,M o), J
P | T ; {Sa, S, ,Si}.
2) Il = {S1,S2, ,Sm}; 4
3) m {Vs,,Vs,, Vs }; mi,i {a, b, ,r}L
4)  (Ni,M.) G M );
5) , M Vs) Vs, ma= 5mp= 5mc= 5m¢= 5me= 5
; mi = 5mg= 5mn= 5mi= 5m;= 5
6) , m«= 5mi= 5mn= 5ms= 5mo= 5
6 mp= 3,mgq= 5m,= &
2 . , 18 88
2 A1,A2),3 (R1,R2,R3); ; 4 739
L), ™M), [2] : ,
(G) D); 1 ®). 255 1020 ,
2 , ,
2 2
(C1,C2). 4 5,
1) 1 c1 , L ,
B. M , .
D , C2 ,
2) 2 C2 , D
B. G )
L , c1 1
, Al C,
c1 A2 c2 F,T S
R1 c1 : EM
L, M c2, B G, L , T
c1 ; R2 ; —

Petr i



1348

21

P 7| IF | Ceum Fau

Tem/s

Sem Cr Fr Tr/s St

15 11 38 2 10 1
26 20 75 6 32 20
72 64 260 10 37 100

155 3 15 15 74
4 029 18 106 100 2 590

266 802 — — — —

, 2 8GHz Pentium
,512M B ,W indow s XP ;
C . ,

(References)
[11M urataT. PetriNets Properties, A nalysisandAppli-
cations[J]. Proc o IEEE, 1989, 77(4): 541-58Q
[2] Ezpeletad, Colom JM , M artinezd A PetriN et Based
Deadlock Prevention Policy for Flexible M anufacturing
Systens[J] 1EEE Trans on Robotics and A utanation,
1995, 11(2): 173-184
[3] . [J]
, 1999, 14(6): 625-630Q
(Wang C E State of the A rt of Control Structures of
M anufacturing System s[J]. Control and D ecision, 1999,
14(6): 625-63Q )
[4] .
31 , 2001, 16(4): 447-451

(Tian G H. Research on M odeling and Control for
Trangorting Scheduling Problen of an A utomated
W arehouse[J]. Control and D ecision, 2001, 16 (4): 447-
451 )

[5]LiZW, ZhouM C Elanentary Siphons of PetriN ets
and T heir A pplication to D eadlock Prevention for Flexi-
ble M anufacturing Systens[J] IEEE Trans on Sys
tens, M an and Cybernetics, 2004, 34(1): 38-51

[6] : , . Petri

[J] , 2003, 30(2): 259-263
(Lizw,WangA R, JiaJ Y. M ethod for Solving In-
variants and State Equations for Petri Nets[J] J o
X idian U niversity, 2003, 30(2): 259-263 )

[7]V isvanadhan N, Narahari Y, Johnon T L. Deadlock
Prevention and Deadlock A voidance in Flexible M anu-
facturing Systens U sing Petri Net M odels[J] 1EEE
T rans on Robotics and A utan ation, 1990, 6(6): 713-723

[8]Uzan M. An Optimal Deadlock Prevention Policy for
Flexible M anufacturing SystensU sing Petri N et M od-
elsw ith Resources and the Theory of Regions[J]. IntJ
o A dvanced M anuf acturing T echnology, 2002, 19 (3):
192-208

[91 Huang Y S, JengM D, XieX L, et al Deadlock Pre-
vention Policy Based on PetriN ets and Siphons[J]. Int
J o Production Research, 2001, 39(2): 283-305

[10] Chu F, Xie X L. Deadlock A nalysisof PetriNetsU s

ing Siphons and M athematical Progranming [J ]
IEEE T rans on Robotics and A utanation, 1997, 13(6):
793-804



