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一、中文摘要

SNC 是簡單的且其活動性條件是簡單的。吾
人發展一有效率的技術去找出壞的 siphons 用於資
源共享 FMS 之死結預防。由此而產生強於現有的
模型。

關鍵詞：Petri 網路、同步選擇網路、活的(Live)、
死結、合成、分析

Abstract

Any SNC is bounded and its liveness conditions 
are simple.    We develop a new systematic 
technique to find bad siphons (i.e., not traps) and 
extend the SNC model to FMS (Flexible 
Manufacturing System) with resource sharing.  The 
resulting nets are more powerful than existing models 
in the literature. 

Keywords: Petri Nets, Synchronized Choice Nets, 
Deadlock, Liveness, Synthesis, 
Verification, 

二、緣由與目的

PN theory has been applied to specifications, 
validation, performance analysis, control code 
generation, and simulation for manufacturing systems.
The PN must satisfy three properties: boundedness, 
liveness, and reversibility [2-3].   These properties 
are critical for an FMS to operate in a stable, 
deadlock-free, and cyclic way. 

Proving liveness for general Petri nets (PN) is 
more difficult than proving boundedness and takes 
exponential time and space].  One way to tackle this 
problem is to find the fundamental structures related to 
liveness.  For instance, liveness of a Marked Graph 
(MG) is strongly correlated to loops.  It is live if 
every loop has tokens. Most classification of other PN 
such as  free choice nets nets (FC), extended free 
choice nets (EFC), and asymmetric choice nets (AC)
focus on local structures with no direct connection to 
the properties.  As a result, we still have to resort to 
the general analytical methods. As a result, we still 
have to resort to the general analytical methods.

Ezpeleta et al [4] propose a class of PN called 

Systems of Simple Sequential Processes with 
Resources (S3PR).  However, such a class cannot 
model iteration statements (loop) in each sequential 
process (SP) and the relationships of synchronization 
and communication among SPs.

The model by Ezpeleta et al [4] has some
constraints and at any state of a process, it cannot use 
multi-sets of resources.  As a result, their model 
cannot apply to concurrent systems other than FMS 
such as database systems, operating systems, and 
parallel processing.  Their idea is to compute all bad 
siphons of the given model and find the maximum 
number of tokens at each idle state followed by a 
control policy of adding arcs and nodes with tokens.  

However, the number of bad siphons (not traps) 
grows exponentially with the size of PN.  Because 
each WP is limited to a state machine (SM), bad 
siphons are solely due to resource-sharing between 
WP.  Ezpeleta, however, did not take advantage of 
this.  Instead, they analyze bad siphons in a global
manner; i.e., digging them out in the whole net.  We, 
however, locate bad siphons in a local and incremental 
fashion.

三、結果與討論
  

An integrated algorithm [1] was presented for 
verification of SNC and liveness. The model consists 
of a set of working processes (WP) competing for 
resources.  We divide the net into a number of SNC 
components (each being a WP) serving as the 
backbone.  The net is the set of all WP merged along 
resource places.  Such a net is called a Merged SNC 
or a MSNC.

Each WP has all the resources it requires.  If 
any WP has TP-inconsistent pair of places, it is not 
live.  Otherwise, we merge resource place pr one by 
one.  The system deadlock occurs only under 
inappropriate resource sharing.  Each time we add a 
new pr’, we find new bad siphons which takes less 
time than to search them in the whole net.

The algor ithm of finding all bad siphons is 
proposed as follows:

Bad Siphons Search Algor ithm 
1. Add a new pr’.  
2. Find a new elementary circuit c’ containing pr’ 

and a border pr within an existing elementary 
circuit c.  If “not found”, go to Step 1.
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3. Add all PP- followed by all TP-handles to c’.  
Denote the resulting net I’ (I-subnet) where the 
set of places P(I’) forms a new bad siphon Dm

n. 
4. Delete all TT- and PT-paths in I ∪I’ where I is 

the I-subnet of any existing Dm
e that contains c to    

form new I”.
5. Construct new Dm= P(I”).  If Dm contains a 

P-semiflow of a pr in c, discard Dm, which is not 
a bad siphon.  Go to Step 2 and repeat.

Since the I-subnet of any Dm is strongly connected, 
it must contain at most one circuit c to be found at 
Step 2.  The rest of I-subnets are handles to c as in 
the following lemma: 

Lemma 1: Let c be an elementary circuit in an 
I-subnet ID of a Dm, then all primary handles H in ID to 
c must be a PP- or a TP- or a virtual PT- handle.

Remark:  It is more powerful than the S3PR (systems 
of simple sequential processes with resources) model 
in [4] where the WP is limited to SM while it can be 
any live SNC in our model.

  Based on Lemma 1, upon merging a pr, we try 
to locate a circuit c.  If no circuits can be found, there is 
no minimal deadloock associated with the pr.  
Otherwise, we add a PP- or a TP- or a virtual PT-
handle to c. Continue this process until no more such 
handles can be found.  Deleting all TT-handles from the 
resulting subnet renders an I-subnet, wherein the set of 
places is a Dm. We then merge another nearby pr and 
repeat the above process until all pr have been merged.  
A pr is more likely to form a circuit with a nearby pr:  
Thus, we merge pr from top to bottom (corresponding to 
the direction in a WP from idle state to final state).  
This is more efficient than to search pr in a random 
fashion.

We apply it to the model in [4] consisting of 
three robots (R1, R2, R3) and four machines (M1-M4).  
It also offers the designer a tool to manually check SL 
without resorting computer tools. This saves the time 
and trouble to input the model and runs the tool. For 
instance, for the five philosopher model, we can first 
find a maximum SNC component such that the rest 
arcs or nodes, if included, would render the 
component no longer a SNC.  The net is structurally 
live (SL) because the minimal deadlock {Eat2, Eat3, 
Fork 2} containing the dashed lines is itself a 
S-invariant.

We are also able to derive all the reachable 
markings based on those of the maximum SNC 
component.

四、計畫成果自評

We have successfully completed the project and 
been able to define new projects and derive new 
results such as marking conditions for liveness.  We 
have completed the paper to be ready to submit to 
journals.
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