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Abstract. The approach to modeling of dynamic objects and systems by means of Petri evaluation networks is described. As a tool, it is proposed to use the E-NETSIM simulation environment. A formal description of the modeled object is proposed to be performed in terms of discrete-event modeling. An example of a model based on the sequence diagram of a universal modeling language is considered.
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1. Introduction
Investigation of complex distributed dynamic objects and systems is impossible without a deep study of the processes of interaction between individual components in such systems. Typical features of the systems are deep parallelism, mutual uncertainty of states, absence of unambiguous dependence between events and conditions of their generators, variety of options for possible development of each process and the system as a whole.
The use of modern modeling tools can significantly reduce the complexity of analyzing the systems being designed, and in some cases replace the laborious design process with automated synthesis from existing prototypes. The proposed graphical approach to solving the problem of automation of project development is based on the idea of ​​attracting visual forms of representing objects and systems with the help of graphic models. Visualization of development can be understood as a set of methods for using graphics and human-machine interaction tools used to better understand the concepts of construction and effective operation of the elements of the system under study. 

2. Evaluation Networks as a Modeling Tool
Currently, there are a number of modeling tools and a graphical representation that allow to perform a description of the projected object at the initial stage of its design. Such tools include such software systems as BPWIN, Power Designer, Designer 2000, IBM Rational Rose, Borland Together, Gentleware Poseidon, Microsoft Visio, Telelogic TAU G2 [1]. Their main disadvantage is the static description of the modeled object. In the above systems, object models are represented in the form of static notations, which makes it impossible to analyze the system in dynamics and to assess the behavioral and temporal indices of the system under study. The simulation environment based on the graphical description of E-NETSIM aimed at solving these problems is proposed for consideration. The basis of the formal description and analysis of objects and processes occurring in them in the E-NETSIM environment is the apparatus of the Petri evaluation networks.

As a universal tool for discrete-event modeling, the mathematical apparatus of Petri nets can be used as well as its expansion - evaluation networks [2]. It has several advantages, such as graphical representation of the model, a wide range of developed methods for modeling and evaluating the characteristics of networks, a high level of formalization of the model, the possibility of accounting and analysis of parallel processes [3]. 

Petri net is a tool for modeling dynamic systems. The Petri net theory makes it possible to model the system based on its mathematical representation in the form of a Petri net, the analysis of which helps to obtain important information about the structure and dynamic behavior of the modeled system [3,4]. 

There are several possible ways of practical application of Petri nets in the design and analysis of systems. In one approach, Petri nets are considered as an auxiliary analysis tool. For the construction of the system, general design methods are used, then the constructed system is modeled by the Petri net, and the model is analyzed.
In another approach, the entire design and characterization process is carried out in terms of Petri nets. In this case, the task is to transform the representation of the Petri net into a real information system. 

Modeling in Petri nets is carried out within the framework of the event approach. It determines what actions take place in the system, what states precede these actions and what states the system will take after the action is performed. The analysis of the results of implementation can tell about the states in which the system was or did not stay, which states are in principle not achievable. However, such an analysis does not give numerical characteristics that determine the state of the system. The development of Petri net theory led to the appearance of so-called "colored" Petri nets. The concept of chromaticity in them is closely related to the concepts of variables, data types, conditions and other constructions more closely related to programming languages. Petri nets are a powerful tool for studying simulated systems due to their ability to describe many classes of discrete, asynchronous, parallel, distributed, nondeterministic systems, thanks to the visibility of their work, developed mathematical and software analysis apparatus [3,4].
The extension of classical Petri nets is the evaluation networks (Evaluation networks, E-networks) [4]. Unlike Petri nets, they allow  to take into account the response time of transitions, assign markers to property sets, change the properties of markers according to predetermined functions in the modeling process, flexibly change the logic of the development of processes in the network, taking into account the given logical functions. 

E-networks are used as a means of describing simulation models of systems structured as event networks. Formally, they are defined by a tuple of 8 sets:
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P – finite non-empty set of network positions, 
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 is a set of peripheral (not internal) positions; 
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 is a  set of decisive positions. Positions 
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 play the same role in E-networks as in Petri nets. Are indicated graphically in a circle. Peripheral positions 
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 are used to model the relationships of the system with the external environment. The decisive positions of R do not have direct analogs in Petri nets. With their help, E-networks provide conflict resolution and synchronization of events. With each deciding position there is a certain list of predicates used for a formal description of the conditions for performing the transitions. These positions are displayed by hexagons. 

In each network state, positions may or may not have a token. The presence of a marker in the position is marked by a dot.
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 is finite non-empty set of transitions, which are displayed by rectangles. 

I(A), O(A) are the sets of arcs associated with the transitions through the input (I) and the output (O). Pairs 
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, composed of adjacent positions and transitions, correspond to arcs of the network.
In order to build an E-network describing the object under investigation, in which some processes occur, the following is necessary.
1. Identify all possible actions that can occur in the system under investigation at a given level of detail, as a result of which to determine the set of transitions of the network A.
2. Formulate conditions that determine the possibility of performing each action ("preconditions" for possible actions). Thus, set the elements of the set P of input positions for transitions and determine the set of input transition arcs 
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3. Formulate the conditions arising from the execution of actions ("postcondition" for the performed actions) to set the elements of the set P of output positions for the transitions and to determine the set of output transition arcs 
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4. On the set of possible actions A determine the set of decision positions R, that is, select actions that perform conditional selection and conditional branching.

5. Arrange actions taking into account the formulated conditions, that is, to link actions on the basis of "preconditions" and "postconditions" and to construct the structure of the E-network.

6. Define a set of properties (attributes) of markers that reflect the conditions for the execution of events.

7. Set a set of transition procedures 
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, changing the values of the marker attributes when events occur.

8. Set the execution time of each action using the function 
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9. Define the set of decision procedures defined on the set of decision positions R and specify rules for conditional branching and conditional selection.

3. Construction of the model object in the form of E-network based on the sequence diagram
The basis for structuring the system under investigation can be one of the universal modeling languages. The transition from the description of the object in the form of a model presented in the Rational Rose environment to the description in the form of an E-network model, let's look at an example.

It is necessary to describe the process of user interaction with file hosting. File hosting is a collection of technical and software tools that allows users to upload files to the hosting as well as to their computer.

This example does not set the task of comprehensively describing file hosting, but only to show the possibility of implementing a sequence diagram in the form of an E-network.

Figure 1 shows a sequence diagram showing the interaction of the user with various elements of file hosting. The arrows show the names of the functions and the parameters passed by them.

To go to the E-network, you need to determine which network elements will correspond to the elements of the interaction diagram. The objects of the diagram will be represented by the positions, while the messaging process will be represented by a more complex position and transition system, which will be described later.

Figure 2 shows a network that implements a diagram of user interaction with file hosting.
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Figure 1- Diagram of user interaction with file hosting

One marker with one attribute is circulating in the network. The key is to find the marker in positions P1, P2, P3 and P4. The sequence of the marker passing through these positions corresponds to the sequence of message exchange between objects in the diagram. When moving between these positions, the marker attribute is incremented by one. As mentioned above, the E-NETSIM environment performs a logical AND action when the conditional branch is executed when conditions are added. Therefore, additional transitions T2, T3, T4, T5 are introduced that will ensure the uniqueness of the transition conditions.
Positions P1, P2, P3 and P4 correspond to the objects of the diagram "User", "Download_Form", "FileRequest", "FileStorage".

Positions P5, P6, P7, P8 are necessary for the direction of the markers in positions P1, P2, P3 and P4. Transitions T5, T6, T7, T8 perform only the direction of the markers from positions P1, P2, P3, P4 to position P5.

Transition T1 distributes the marker depending on the stage of network execution.

Transitions T2, T3, T4 distribute the marker between the positions P1, P2, P3, P4, depending on the value of the marker attribute.

The transition time for T1, T2, T3, T4 is set to zero, so when simulating the network, the sequence of the marker's passage of positions P1, P2, P3, P4 is easily monitored.
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Figure 2 - Network illustrating the process of user interaction with file hosting

In addition to dynamically modeling the transition sequence, the program allows to specify the variables that define the execution time of the transition, which will allow to simulate the timing features of the sequence diagram.
[image: image15.wmf]
4. Conclusion
An interactive environment for simulation modeling of dynamic objects and systems based on the Petri E-net apparatus is proposed.

The system allows creating and analyzing simulation models of dynamic objects and systems using Petri evaluation networks in an interactive environment. In this case, the ideology of discrete-event modeling is used. The described system can be used to implement simulation experiments and analyze models of a wide class of problems that are formally described using valuation networks. Examples of problems solved in the environment are simulation and analysis of queuing systems, telecommunication networks and data transmission networks, analysis of the correctness of algorithms, analysis of distributed systems.
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