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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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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.  

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 ),;,( WFTPN  be a net, 

),( 0MN be a net system, 

(1) Transition Tt is said to be enabled under M , iff 
),()(, tpWpMtp   , namely tM [ . 

(2) If t  is enabled under M , t can be fired. M can be 
transformed to 'M . 
Definition 2.2  Let ),( 0MN  be a net system. 

(1) Transition Tt is live, if )( 0MRM  , 

)(' MRM  , tM [' . 
(2)  is live, if Tt , t is live. 
(3)  is structural live, if there exists 0M , such that 

),( 0MN is live. 

Definition 2.3  Let N  be a net, 
(1) N  is said to be a free choice (FC) net, if 

1||,  pPp or }{)( pp  . 
(2) N  is a asymmetric choice (AC) net, if 


 212121 ,, ppppPpp  or 

 12 pp . 
Definition 2.4 Let ),;,( WFTPN  and 

),;,( 00000 WFTPN  be two nets. If  

(1) TTPP  00 , and   00 ,TP , 

(2) ))()(( 00000 PTTPFF  ,  

then 0N  is said to be a subnet of N . 
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Here, we present a kind of T-type subnet (Fig.1). 
 
 
 
 
 
 
 
 
 
 
Note that, except vu tt , , every node of the T-type 

subnet dose not connect nodes outside the subnet.  
Definition 2.5 Let ),;,( WFTPN   be a net, 

),;,( 00000 WFTPN   be a subnet of N . If 

(1) 000 TPP 
 , 

(2) Let 00000 ''},,{' PTTttTT vu    and 0PPtu  ,  

 


vuv ttPPt ,,0 ,  

then 0N  is said to be a T-type subnet of N .  

Definition 2.6 Let ),;,( WFTPN   be a net, if 

nvTPyx vv ,...,2,1,,   such that 

},{},{},{},{ 12211111 yxxyxyyx  

}{},{},...,{ 1122 






 iiii xyyxyx , 

then )1(...211 niyxyx i  is said to 
be a Single-Link road. 

There are 4 kinds of Single-Link roads. 
Single-Link road Ⅰ: 

ii tpptpt  12211 ...  

),...,2,1,;1,...,2,1,( ikTtijPp kj   

Single-Link road Ⅱ: 

ii pttptp  12211 ...

)1,...,2,1,;,...,2,1,(  ikTtijPp kj   

Single-Link road  Ⅲ: 

iii tpttptp  12211 ...

),...,2,1,;,...,2,1,( ikTtijPp kj   

Single-Link road  Ⅳ: 

iii ptpptpt  12211 ...  

),...,2,1,;,...,2,1,( ikTtijPp kj    
Definition 2.7 If transitions of a Single-Link road are 
replaced by T-type subnets, we get a Single-Link subnet. 

Note that, let T-type subnet replace kt  of Single-Link 
roads Ⅰ, Ⅱ, Ⅲ and Ⅳ, and we get Single-Link subnet 
Ⅰ, Ⅱ, Ⅲ and Ⅳ, respectively.  
Single-Link subnetⅠ: 

TiiTT NppNpN  12211 ...  

( TkN is the T-type subnet of N , ik ,...,2,1 ) 

Single-Link subnet Ⅱ: 

iTiTT pNNpNp  12211 ...  

( TkN is the T-type subnet of N , 1,...,2,1  ik ) 
Single-Link subnet Ⅲ: 

TiiTiTT NpNNpNp  12211 ...  

( TkN is the T-type subnet of N , ik ,...,2,1 ) 
Single-Link subnet Ⅳ:  

iTiiTT pNppNpN  12211 ...  

( TkN is the T-type subnet of N , ik ,...,2,1 ) 

Definition 2.8 Let )2,1)(,;,(  iWFTPN iiiii  be 

two nets, if ),;,( WFTPN   satisfy: 

(1)   210210 , TTTPPP ,  

(2) 
212121 ,, FFFTTTPPP  , 

(3) ),(),(),(:, 21 yxWyxWyxWTPyx  ,  

(4) 
1N and 

2N  shared a Single-Link subnet, 

then N  is said to be a synthesis net of 
1N and 

2N  
which shared Single-Link subnet. 
Definition 2.9 Let )2,1)(,( 0  iMN iii  be two net 

systems, if ),( 0MN  satisfy: 

N is a synthesis net of )2,1( iN i which shared 
Single-Link subnet, and 

















02010

0220

0110

0

)()(

)(

)(

)(

PppMpM

PPppM

PPppM

pM  , 

then   is said to be a synthesis net system of 
)2,1(  ii  which shared Single-Link subnet system. 

Ⅲ.  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 1N and 2N  are two structural 

live Petri nets, N is the synthesis net of 1N and 2N  

which shared Single-Link subnet Ⅰ 0N . Then N is 
structural live. 
Proof. Since 1N and 2N are structural live, then there 

exists 11010 [, tMM , such that ),( 1011 MN is 

live; There exists 20M , 120[tM , such that 

),( 2022 MN is live. Since 1N and 2N  shared a 
Single-Link subnetⅠ , by the characteristic of Single-
Link subnetⅠ , 1 and 2  have the same occurrence 

transition sequence about 0T . Suppose that the transition 

sequence is kttt ,...,, 21 . By Definition 2.9, in 

Fig.1 An example of T-type subnet 

tu tv
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),( 0MN , 10[tM , in 
1 , 11110[ MtM  ,  

211[tM ,  in 
2 , 21120[ MtM  , 221[tM . Since 

in Single-Link subnet Ⅰ, except ktt ,1 , every node of the 
subnet dose not connect nodes outside the subnet, then 
the resource of 0P  can be hold after 

1t  fires, that is, in 

 , 
2t  can be enabled after 

1t  fires. Then in ∑, 
*

2}){( tT  , 10[ MM  , )( 12 MRM  , 

22[tM , …, *}){(' ktT  , pMM '[0  , 

)( pq MRM  , kq tM [ ,  that is, tTt ,0 is 
live. 

Suppose that ∑ is not live, then 0TTtu  , 

 utMMRMMRM [),(),( 21201 . 

Suppose that 01 TTtu  , since tTt ,0 is live, then 

 vv tMMRMTt [),(, 3130 , and if 01 PPp  , 

)()( 113 pMpM  . If 0Pp ,  )()()( 21113 pMpMpM  , 

where )( 1011 MRM  , )( 2021 MRM  . Then 

 utMMRM [),( 3 , that is, in 1 , 

)( 1112 MRM  , )( 1011 MRM  ,  utM [12 . Then 

1  is not live, this contradict with the fact that 1  is 
live. 
Theorem 3.2 Suppose that 1N and 2N  are two structural 

live Petri nets, N is the synthesis net of 
1N and 

2N  

which shared Single-Link subnet Ⅱ 0N . If 

yy ppttt ,|{


  is the last node of 0N }, in 

),( 0MN , t is live, then N  is structural live. 

Theorem 3.3 Suppose that 1N and 2N  are two structural 

live Petri nets, N is the synthesis net of 1N and 

2N which shared Single-Link subnet Ⅲ 0N . Then N  is 
structural live. 
Theorem 3.4 Suppose that 1N and 2N  are two structural 

live Petri nets, N is the synthesis net of 1N and 2N  

which shared Single-Link subnet Ⅳ 0N . If 

yy ppttt ,|{


  is the last node of 0N }, in 

),( 0MN , t  is live, then N  is structural live. 

Ⅳ. PROPERTY PRESERVATION OF  SYNTHESIS FC (AC) 
NET  

Theorem 4.1 Suppose that 1N and 2N are FC nets, N is 

the synthesis net of 1N and 2N  which shared Single-

Link subnetⅠ 0N . If 

(1) in )2,1( jN j , }{)( 11 tt  , where 
1t  is the 

first node of 0N , 

(2) in TkN  ( ik ,...,2,1 ), p , in 
21, NN , 1|| p  

or }{)( pp  , 
then N is a FC net. 
Proof. By conditions of the theorem, 

1N and 
2N  shared 

Single-Link subnet Ⅰ 0N . By condition (1), 
1t  is the 

first node of 0N . In
21, NN , }{)( 11 tt  , then 

in )2,1( iN i , }{, 11 tptp ii 
 , that is 

2,1,1|| 


ipi . In N , }{ 121 tpp 
 , that is 

1tp  , 1|| p . By condition (2), in 1TN , p , in 

21, NN , 1|| p  or }{)( pp  , then in N , 

1|| p  or }{)( pp  . According to
1p , by 

Definition 2.6, 1|| 1 


p . The case of 2TN  is similar to 

that of 1TN . The case of 2p  is similar to that of 
1p , …, 

the case of TiN is similar to that of 
1TN , that is, in 0N , 

p , if in 21, NN , 1|| p or }{)( pp  , then in 

N , 1|| p  or }{)( pp  . Because 1N and 2N  

are FC nets, 1||,0  pPPp  or }{)( pp  . 

Then N is a FC net.  
Theorem 4.2 Suppose that 1N and 2N  are AC nets, 

N is the synthesis net of 1N and 2N  which shared 

Single-Link subnetⅠ 0N . If  

(1) in )2,1( jN j , }{)( 11 tt  , where 1t  is the 

first node of 0N ,  

(2) in TkN  ( ik ,...,2,1 ), 21, pp , in 21, NN , 


 2121 pppp  or 
 12 pp , 

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 1N and 2N  are two structural 

live FC nets, N  is the synthesis net of 1N and 2N which 

shared a Single-Link subnetⅠ 0N . If 

(1) in )2,1( jN j , }{)( 11 tt  , where 1t  is the 

first node of 0N , 

(2) in TkN  ( ik ,...,2,1 ), p , in 21, NN , 1|| p  

or }{)( pp  , 
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then N  is a structural live FC net. 
Theorem 5.2 Suppose that 

1N and 
2N  are two structural 

live AC nets, N  is the synthesis net of 
1N and 

2N which shared a Single-Link subnetⅠ 0N . If 

(1) in )2,1( jN j , }{)( 11 tt  , where 
1t is the first 

node of 0N ,  

(2) in TkN  ( ik ,...,2,1 ), 21 , pp , in 
21, NN , 


 2121 pppp  or 

 12 pp , 
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 
1N  and 

2N is described in Fig.2 and 
Fig.3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The synthesis net N is described in Fig.4. According 

to Fig.2 and Fig.3, it is easy to see that 
1N and 

2N 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.  

ACKNOWLEDGMENT 

This work was financially supported by the National 
Natural Science Foundation of China under Grant No. 
60573012, 60672180 and 60721061, the National Grand 
Fundamental Research 973 Program of China under 
Grant No. 2002cb312200, and CAS Key Laboratory of 
Computer Sciences (SYSKF0903). 

REFERENCES 

[1] T. Agerwala, Choed-Amphai Y. A synthesis rule for 
current systems. Proc. 15th Design Automation Conf., 
LasVegas, Jun (1978) 305-311. 

[2] E. Badouel, Ph. Darondeau, The synthesis of Petri nets 
from path-automatic specifications, Information and 
Computation 193 (2004) 117-135. 

[3] M. Mäkelä. Model checking safety properties in modular 
high-level nets. In: Proc the 24th International Conference 
on Application and Theory of Petri Nets. Eindhoven, The 
Netherlands, 2003. 201-219. 

[4] Kees van Hee, Natalia Sidorova, et al. Soundness and 
separability of workflow nets in the stepwise refinement. 
In: Proc the 24th International Conference on Application 
and Theory of Petri Nets. Eindhoven, The Netherlands, 
2003, 337-356. 

[5] G. Franceschinis, M. Gribaudo, et al., Compositional 
modeling of complex systems: contact center scenarios in 
OsMoSys, Proc. 25th International Conference on 
Application and Theory of Petri nets, Bologna, Italy, (2004) 
177-196. 

[6] Victor R. L. Shen, A PN-based approach to the high-level 
synthesis of digital systems, INTEGRATION, yhe VLSI 
journal 39 (2006) 182-124. 

[7] C. Xia, Analysis of properties of Petri synthesis net, Proc 
the 3rd International Conference on Theory and 
Applications of Models of Computation, LNCS 3959,  
(2006) 576-587. 

[8] C. Xia, Property preservation by Petri net synthesis in 
system design, Proc. of  International Technology and 
Environmental System Sciences, 2008, Vol. 2, 6-11. 
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Fig. 3 Net N2 
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Fig. 4  Synthesis Net N 
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