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Abstract: The present paper aims to consider verification of .NET implementation of 
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1 Introduction 

The advances in generalized nets’ theory contribute to creating of complex models as in [5, 6]. 
The related algorithms are complex, too, and many applications require formal verification. 
Recent research in this direction has been done for object-oriented and procedural programs, 
[7, 8, 9].  

There are about 20 software products which handle generalized nets [3, 4]. The .NET 
implementation called GoGN 1.0 is developed by the authors. The source code of GoGN 1.0 is 
presented in [4]. It includes definitions related to an algorithm of generalized nets’ functioning, 
but this algorithm is not fully considered. Examples on it based on simple generalized nets 
(actually almost all consisting of one transition only) are given below.  

2 Short remarks on the .NET implementation GoGN 1.0 
GoGN 1.0 represents a .NET application, which implements one generalized net using pro-
gramming language C#, [4]. The developed software contains classes and structures, which 
implement all components of generalized nets in the context of object-oriented programming. 
The names of the upper classes are as follows: Token, Place, Transition. In case of whole 
generalized nets, the class GN is used. The last one is an abstract class, and some of its 
methods must be defined in inherited classes in order specific features of generalized nets to be 
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modeled. A source code of a token transfer algorithm is presented in class GN. In the present 
paper the considered classes are used, but new generalized nets are implemented. 

A graphical user interface (GIU) is described in GoGN 1.0, too. The Windows form 
FormGN defines controls and event handlers. It includes drawing the generalized net. In all 
figures below such drawing is used. Priority and capacity of transitions and places, number of 
tokens and token transfer are denoted in original manner. 

3 Token transfer algorithms in generalized nets 
The algorithms in generalized nets are more complex than the corresponding ones in Petri nets 
[1, 2, 4, 7, 10]. A new term “abstract transition” is defined in the generalized nets’ theory [1, 2, 
4]. Such a transition consists of all active transitions of a generalized net in a given time-
moment, and it includes components which are computed according to these (ordinary) 
transitions. For example, the input places in all active transitions are represented in an abstract 
transition as input places with unchanged capacity and priority. In [4] the implementation of an 
abstract transition is based on adding and removing of transitions.   

Each token transfer in a generalized net (through an abstract transition respectively) depends 
(in this order) on: 

• priority of input places; 
• priority of output places; 
• priority of transitions; 
• priority of tokens. 

The capacities of places and arcs, time components, transitions’ conditions and other factors 
influence, too. Details on a classical token transfer algorithm are presented in next section. 

4 Examples 
Twelve examples are given below. Models concern important features of a well-known transfer 
algorithm [2, 4]. The first eight GNs (GN 01 – GN 08) have the graphical structure given on 
Figure 1. It consists of one transition only, and 1000 tokens enter the input place at the initial 
time moment. The time step of these models is equal to 1, and duration of their functioning is 
equal to 1000. All possible token transfers are performed. GoGN 1.0 denotes a great number of 
tokens in a given place by a big (filled on Figure 1) circle and a mark (“1000” in this case) over 
the place. 

 
Figure 1: Graphical structure of generalized nets GN 01 – GN 08 at their initial time moment 
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GN 01: Output places with equal priority 
In this generalized net (Figure 2), the output places l2 and l3 have equal priority. Priority is 
shown over the transitions and the places next to mark “Pr.:”; in similar way capacity of places 
can be given next to mark “C.:” (in GN 01 the capacity is infinity), [4]. An active transition and 
one token transfer are denoted on Figure 2 a). In the present paper, all active transitions are 
drawn with double lines, and all tokens transferring through these transitions are denoted by 
complementary arrows and tokens, [4]. An arrow and a token on a given transition’s input arc 
and an arrow on a given transition’s output arc (or two or more arrows on a different 
transition’s output arcs) mark a transfer of a token to one or more output places. In case of the 
considered generalized net, a transfer from place l1 to place l3 is shown on Figure 2 a); the 
token which just transferred entering l3 is not filled. In GN 01 tokens do not split and enter 
output places according to pseudo-random process because of an absence of predicates in the 
transition’s condition. The last one contains value “true” only. At the end of the generalized 
net’s functioning the tokens are divided into almost equal parts (Figure 2 b)).  

                        
 a) b) 

Figure 2: GN 01: Output places with equal priority: 
a) the first  token transfer; b) the end of the generalized net’s functioning 

                        
 a) b) 

Figure 3: GN 02: Output places with different priority: 
a) the first token transfer; b) the end of the generalized net’s functioning 

GN 02: Output places with different priority 
Here the output places l2 and l3 have different priority (Figure 3). Because of bigger higher 
priority of l2, at each time moment a token enters this place.  
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GN 03: Splitting tokens 
In this model (Figure 4), all tokens can split. Each token transferring through the transition splits 
on two tokens, which enter l2 and l3 simultaneously regardless of the priority of these places. 

                        

 a) b) 
Figure 4: GN 03: Splitting tokens: 

a) the first token transfer;  b) the end of the generalized net’s functioning 

GN 04: Place capacity 
Here (Figure 5 a)), the place l2 has capacity equal to 300, and it can hold 300 tokens 
maximum. Since the priority of l2 is bigger than the priority of l3, 300 tokens enter l2, and then 
the rest 700 enter l3. 

                        

 a) b) 
Figure 5: End of a generalized net’s functioning: 

a) GN 04: Place capacity; b) GN 05: A predicate concerning number of tokens 

GN 05: A predicate concerning number of tokens 
The number of tokens in output places can be caused by predicates. Let the condition of the 
transition given in Figure 5 b) be 

,
1

32

2,1 truewl
ll

 

where the predicate in the index matrix has value: w12 = “The number of tokens in l3 is greater 
than the number of tokens in l2”.  In this case, the tokens are divided into two equal parts. 
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GN 06: Time components 
In the upper models time components do not restrict the token transfer. However, let time 
components allow a single activation of the transition, and let the duration of this activation be 
equal to 30. It is obvious that 30 tokens maximum can be transferred (Figure 6 a)). 

GN 07: Arc capacity 
Let the generalized net GN 07 be modified in order to limit the number of tokens transferring 
from l1 to l2 at one transition’s activation. It can be done by adding arc capacity to the arc 
binding these places. In the model presented in Figure 6 b) this capacity is equal to 10. 

                        

 a) b) 

Figure 6: End of a generalized net’s functioning: 
a) GN 06: Time components; b) GN 07: Arc capacity 

GN 08: Tokens’ characteristics 

Token transfers can be conditioned by characteristics of tokens too. For example, let the initial 
characteristics of 200 tokens be the same, and let the initial characteristics of 800 tokens be 
others. Let, moreover, the predicates in the transition’s condition allow token from the first 
group only to be able to transfer to l2 (Figure 7). The example demonstrates a way of handling 
alternatives. 

                        

 a) b) 

Figure 7: GN 08: Tokens’ characteristics: 
a) the first token transfer; b) the end of the generalized nets’ functioning 
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GN 09: Transition’s type 

This model has different graphical structure. The transition has two input places (Figure 8). 
Generally, the transfer of a given token can be forbidden because of the transition’s type. The 
last one represents a Boolean expression indicating which input places must be non-empty in 
order token transfer to be able. In GN 09 the transition’s type has the form Δ = ∧(l1, l4). That 
means that l1 and l4 must be non-empty in order any token to be transferred. On Figure 8 a) 
1000 tokens in l1 and 900 tokens in l4 are shown. Tokens from l1 and l4 transfer for 900 time 
steps to l2 and l3, respectively, according to the token’s condition 

truefalsel
falsetruel
ll

4
1

32
 

                        
 a) b) 

Figure 8: GN 09: Transition’s type: 
a) at the initial time moment; b) the end of the generalized nets’ functioning 

GN 10: Transitions with equal priority 

This generalized net, presented in Figure 9 a), contains two transitions. Since the transitions as 
well as places have equal priority, abstract transitions are constructed in pseudo-random 
manner. The condition of Z2 has the form 

,
2

3

3,2wl
l

 

where the predicate in the index matrix is: w2,3 = “There is a single token in l2”. The last 
predicate does not allow next transfer through Z2 in case of two or more tokens in l2. 

GN 11: Transitions with different priority 

GN 11 (Figure 9 b)) is much the same as GN 10. The only difference is the priority of Z2. This 
priority orders the input places in abstract transitions synchronizing the token transfer.  

GN 12: Priority of input places 

GN 12 (Figure 9 c)) is much the same as GN 10 too. In this case the only difference is the 
priority of l2. This priority also orders the input places in abstract transitions. 
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a) 

 
b) 

 
c) 

Figure 9: End of generalized nets’ functioning: a) GN 10: Transitions with equal priority; 
b) GN 11: Transitions with different priority; c) GN 12: Priority of input places 

5 Conclusion 

The given examples verify the token transfer algorithm introduced in [4]. The results strictly 
conform to the theoretical notes in the present paper. The priority of transitions and places is 
taken into account in the considered .NET implementation GoGN 1.0. This priority is well 
defined in the source code of GoGN 1.0, and can be viewed in graphical objects. The influence 
of other components of generalized nets is shown too. For example, capacities of places and 
arcs limit the number of token transfers. Time components can be used in a proper way 
according to well-known restrictions.  
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