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Abstract—A Petri net synthesis method is proposed, which is
the key method to ensure the synthesis net preserving well
behaved properties. Conditions of structural liveness
preservation of ordinary Petri synthesis net are proposed.
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structural liveness; system modeling

I. INTRODUCTION

Petri nets are well known for their graphical and
analytical capabilities in specification and verification,
especially for concurrent systems. Many properties can
be analytically defined and many techniques are available
for development and verification. In particular, the
approach based on property-preserving transformations
will be described in more detail in this paper.

Usually, a design may be subject to many
transformations, such as synthesis, refinement, reduction,
etc. A transformation may be used for system generation
or system verification. It is important that a
transformation should not destroy or create those
properties under investigation.

Petri net synthesis is an important transformation. In
the literature, there exist many methods to solve net
synthesis problem. For example, Agerwala et al. [1]
presented a synthesis rule for concurrent systems and
proved the preservation of P-invariants under the 1-way
merge. An effective solution to the net synthesis problem
for path-automatic specifications is presented in [2]. A set
of module nets was presented in [3]. The module net
composed of some kinds of small nets which got
synchrony by sharing transitions. A kind of ST-net was
defined in [4], under some conditions, these ST-nets can
be used to model some systems. Franceschinis [5]
presented the application of a compositional modeling
methodology to the re-engineering of stochastic Well
Formed Net (SWN) models of a contact center, the
advantages are that this approach, based on the definition
of classes and instances of submodels, can provide to the
application of SWN to complex case studies. A Petri net
based approach was presented in [6] to solve the digital
system’s high-level synthesis problem. The refinement
and abstract representation method of Petri net is
proposed [7], which is the key method to ensure the
synthesis net preserving the well-behaved properties. Xia
[8] investigated property preservations of a kind of
synthesis Petri net. With some additional constrains,
liveness and boundedness are preserved after merging
some sets of subnets.
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This paper investigates one type of transformations and
its property-preserving approach for verification. A kind
of sharing Single-Link subnet synthesis method is
proposed. Conditions of structural liveness preservation
of ordinary Petri synthesis net are proposed.

The remainder of this paper is organized as below.
Section II presents basic definitions. Section III
investigates structural liveness preservation of the
ordinary synthesis net. Sufficient conditions of synthesis
FC (AC) net is FC (AC) net are presented in Section IV.
Section V studies property preservation of the synthesis
FC (AC) net. Section VI gives an application example.
Section VII concludes this paper.

II. BASIC DEFINITIONS

In this section we will quickly review key definitions.
Definition 2.1 Let N = (P,T; F,W) be a net,

2 =(N,M 0) be a net system,
(1) Transition t €T is said to be enabled under M , iff
vpe t,M(p)>W(p,t), namely M[t >.

(2) If t is enabled under M , t can be fired. M can be
transformed to M ",

Definition 2.2 Let 2. = (N, M) be anet system.

(1) Transiton teT is live, if VM e R(M,) ,
IM'eR(M), Mt >

(2) Xislive, if VteT , tis live.

(3) 2. is structural live, if there exists |V|O, such that
(N, M,)is live.

Definition 2.3 Let N be a net,

(1) N is said to be a free choice (FC) net, if

VpeP,| p”[<lor *(p*) ={p}.

2 N (AC) if
VPP, €PT AP, # =P e Py orp, S by
Definiton 24 Let N =(P,T;F,W)
N, =(R,,T,; Fy,W,) be two nets. If

)P, cPT,cTad P, %9, T, %9,

@) Fo =F (R xTy) u(T, xR)).

then N, is said to be a subnet of N .

is a asymmetric choice net,

and



Here, we present a kind of T-type subnet (Fig.1).

Fig.1 An example of T-type subnet

Note that, exceptt,,t

ultv e

every node of the T-type

subnet dose not connect nodes outside the subnet.
Definition 25 Let N = (P,T; F,W) be a net,

N, =(R,,T,; Fy,W,) be asubnet of N . If

(1) "Ry UPR T,

() Let T,'=T,-{t,,t,},'T,'UT,"cP, and ‘t, e P-F;,
t'eP-P.,t, 4t #9,

then N, is said to be a T-type subnet of N .

Definition 2.6 Let N =(P,T;F,W) be a net, if
x,,y, e PUT,v=12,..,n such that

Xl. ={y.}.," yi ={x}, yl. ={X,}." X, ={y.},

X, =V Xia =iy ={xat

then X, > Y, &> X, > ...~ Y, (L<i<n)is said to
be a Single-Link road.

There are 4 kinds of Single-Link roads.
Single-Link road 1 :
t—=>p, >t —>p,—>..>pPp,
(pj eP,j=12,.,i-1t, T, k=12,..
Single-Link road 1II:
p, >t > p, >t > >t >N
(p; €P,j=12,.ijt, €T,k =12,..,i-1)
Single-Link road III:
p, >t —>p, >t >..>t,>p >F
(p,; €P,j=12,.iit, €T,k =12,...i)
Single-Link road 1V:
t—->p—>tL—=>p,>.=>p,>tL—=>0
(p; P, j=12,.iit, €T,k =12,..)

Definition 2.7 If transitions of a Single-Link road are
replaced by T-type subnets, we get a Single-Link subnet.

i)

Note that, let T-type subnet replace t, of Single-Link

roads 1, II, III and IV, and we get Single-Link subnet
I, II, I and IV, respectively.
Single-Link subnet [ :

Niy = p, > Npp, > p, 5> Py > Ny
( Ny, is the T-type subnet of N, K =1,2,...,1)
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Single-Link subnet II:

pp >Ny > p, > Ny > > Ny > py

( Ny is the T-type subnetof N, kK =1,2,...,i —1)
Single-Link subnet I1I:

P> Ny > p, >Ny, > Ny > p > Ny

( Ny is the T-type subnet of N, K =1,2,...,1)
Single-Link subnet IV:

Nyy =Py >Ny = p, 5> piy > Ny =
(N, is the T-type subnet of N,k =1,2,...,1)
Definition 2.8 Let N, =(P,T;;F,W,)(1=12) be
two nets, if N = (P,T; F ,W) satisfy:

WP =PNP,#¢,T,=T,"T, 4,
QP=RUPR,T=T,UT,,F=KHUF,,

(3) VX, ye PUT :W(x,y) =W, (X, y)+W, (X, Y).

(4) Nyand N, shared a Single-Link subnet,
then N is said to be a synthesis net of N;and N,
which shared Single-Link subnet.

Definition 2.9 Let >, = (N;,M;,)(i =1,2) be two net
systems, if 2, = (N, M) satisfy:

N is a synthesis net of N,(i =12) which shared
Single-Link subnet, and

M,,(p) VpeP -R
M, (P) =M (p) Vpeb,-FR ,
Mo (p) + M, (p) Vpe R,

then D, is said to be a synthesis net system of
Zi (i =1,2) which shared Single-Link subnet system.

[II. STRUCTURAL LIVENESS PRESERVATION OF ORDINARY
PETRI SYNTHESIS NET

In this section, we investigate structural property
preservation of the synthesis net.
Theorem 3.1 Suppose that N,and N, are two structural
live Petri nets, N is the synthesis net of N jand N,
which shared Single-Link subnet I N, . Then N is
structural live.

Proof. Since N;and N, are structural live, then there
exists My, Mo[t; >, such that >, =(N,,M,,) is
live; There exists M,y , My[t,; > , such that
2, =(N,,M,) is live. Since N;and N, shared a

Single-Link subnet I , by the characteristic of Single-

Link subnet [, 21 and zz have the same occurrence
transition sequence about To . Suppose that the transition
By Definition 2.9,

sequence is f,1,,.., T, in



Z:(N'Mo) ) Mo[t1 >, in Zl > MlO[t1>Mll )
Mylt, >, in 2,, My[t, >M,,, M, [t, >. Since

in Single-Link subnet [, except t,1, , every node of the
subnet dose not connect nodes outside the subnet, then
the resource of Po can be hold after tl fires, that is, in

2 . 1, can be enabled after t, fires. Then in ¥,
Voe([T—{,}) ., M,[oc>M,, IM, eR(M,) ,
M,[t, >, ... Vo'e(T—{t})" . M[o'>M .
M, € R(Mp), Mq[tk >, thatis, Vt eT,,tis

live.
Suppose that Y is not live, then Jt, €T =T, ,

M, e R(M,),VM, e R(M,),—-M,[t, >

Suppose thatt, € T, =T, since Vt € T, tis live, then
at, €T,,AM; e R(M,),M,[t, >, and if pe P, —F,,
My(p) =My (p). If p € Ry, M;(p)=My(p)+My(p).
M, eR(My,) ., M,, eR(M,,) . Then
VM € R(M;),—M[t, > , that DI
VM, eRM,), M;; e R(M,,), =M, [t, >. Then

Zl is not live, this contradict with the fact that 21 is
live.

where

1S, in

Theorem 3.2 Suppose that N,and N, are two structural
live Petri nets, N is the synthesis net of N,and N,
which shared Single-Link I N, If

Vie{t|te py',py is the last node of N, }, in

subnet

2 =(N,M,), tislive, then N is structural live.
Theorem 3.3 Suppose that N,and N, are two structural
live Petri nets, N is the synthesis net of N, and

N, which shared Single-Link subnet III N ;. Then N is
structural live.
Theorem 3.4 Suppose that N,and N, are two structural

live Petri nets, N is the synthesis net of N,and N,
which shared Single-Link IV N, If

Vie{t|te py',py is the last node of N }, in

subnet

2 =(N,M,), t islive, then N is structural live.
IV. PROPERTY PRESERVATION OF SYNTHESIS FC (AC)
NET

Theorem 4.1 Suppose that N;and N, are FC nets, N is
the synthesis net of Njand N, which shared Single-
Link subnet I N . If
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() in N;j(j=12), ("t))" ={t,}. where t, is the
first node of N,

@) in Ny, (k=1.2,
or *(p*) ={p},
then N is a FC net.
Proof. By conditions of the theorem, Nland N2 shared

)V, in NN, | p* <1

Single-Link subnet I N, . By condition (1), t; is the
In N,,N,, (°t))" ={t,}, then
in N;(i=12) , Vp, e t,p ={t} . that is
|p"IKLi=12.mm N, p,”=p,” ={t,}, that is
Vpe't,|p”|<1l. By condition (2), inN;,, VP, in
N,,N, ., | p"|<1 or *(p")={p}. then in N ,
| p* <1 or *(p*) ={p} . According to P, . by
Definition 2.6,
that of N, . The case of P, is similar to that of P, ...,

first node of N .

P,  [<1. The case of N, is similar to

the case of NTi is similar to that of NTl, that is, in NO,
vp,ifin N;,N,, | p® [£lor *(p*) ={p}. then in
N,|p*[£1lor*(p")={p}. Because N;and N,
are FC nets, VPe P —F,,| p"[<1 or *(p°*) ={p}.

Then N is a FC net.
Theorem 4.2 Suppose that N, and N, are AC nets,

N is the synthesis net of N, and N, which shared
Single-Link subnet I N . If

(1) in Nj(j =12), (°t)" ={t,}, where t, is the
first node of N,

) in N (k=12,..,1), Vvp,p,, in N,N,,

pl. M pz' == pl. o= pz.or pz. o= pl.’
then N is an AC net.

V. STRUCTURAL LIVENESS PRESERVATION OF
SYNTHESIS FC (AC) NET

By Theorem 3.1 and Theorem 4.1-4.2, we get the
following properties.

Theorem 5.1 Suppose that N,and N, are two structural
live FC nets, N is the synthesis net of N;and N, which
shared a Single-Link subnet I N . If

(1) in Nj(j =12), (°t)" ={t,}, where t, is the
first node of N,

2) in Ny (k=12,...,1),vp, in N;,N,, | p"[£1

or “(p*) ={p}.



then N is a structural live FC net.

Theorem 5.2 Suppose that N,and N, are two structural
live AC nets, N is the synthesis net of N1 and
N, which shared a Single-Link subnet I N . If

(Hhin N;(j=12), (°t,)" ={t,}, where t, is the first
node of N,
@ in Ny (k=12,.,i), ¥p.p,. in NN, ,

PP, Eg=>p Cpor P Cpy,
then N is a structural live AC net.

VI. APPLICATIONS

In this section we will use the synthesis method to
model the system that enterprise 1 and enterprise 2 rent
a same plant to produce some product. Preparing raw and
processed materials, enterprise 1 and enterprise 2 rent a
plant to produce some product. Finished products are
transferred to enterprise 1 and enterprise 2, respectively.

The model of N, and N, is described in Fig.2 and
Fig.3.

P15

P14

Fig. 4 Synthesis Net N
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The synthesis net N is described in Fig.4. According
to Fig.2 and Fig.3, it is easy to see that N and N, are
two structural live FC nets. By Theorem 5.1, the
synthesis net N is a structural live FC net.

VI. CONCLUSIONS

In this paper we investigate structural property
preservations of Petri synthesis net. A Petri net synthesis
method is proposed, which is the key method to ensure
the synthesis net preserving well behaved properties.
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