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Dissertation Topic

The last two decades have been marked by the rapid development of information
technology. The capacity of equipment has increased, its size and weight have
decreased. Together with the reduction in energy consumption by modern electronics,
all this gave a powerful impetus to the development of mobile consumer digital devices
(subcompact laptops, tablets and smartphones), as well as wearable devices (such as
smart watches). Another aspect was the widespread pervasiveness of data networks,
especially the Internet. New generations of wireless networks are evolving. The cost
of 1 MB of transmitted information has been steadily falling, and information transfer
speeds — increasing.

These two circumstances have significantly changed the structure and flow of
information. The Internet as a global communication structure has been increasingly
viewed not only as a technological phenomenon, but also in various projections: the
traditional projection of the Internet of content; in the form of Internet services for the
business projection; in the form of the Internet of people and the Internet of places in
the social projection; finally, even things got their Internet of things. All together, they
give rise to a new great essence, namely the Internet of events.

The digitalization of society also occurs in different directions. This is manifested
not only in the emergence of new digital tools, but also in the movement of traditional
offline services with their queues and long wait online with 24/7 access and quick
results. Online shopping, online banking, ticket booking, public services, online
education - all these services are reflected in the virtual space. Even classic services such
as taxis quickly transfer to the Internet their functionality that is not directly related to the
movement of the car. Businesses that have relied on classic offline business processes
overnight proved to be uncompetitive; this phenomenon, following the example of those
very taxis, began to be called uberification.

Of course, high-speed Internet and fast phones alone are not enough to digitalize a
business. A huge task falls on a special class of business process support systems called
process-aware information systems (PAIS). They are complex distributed software
packages that take on a large number of initialization, end-to-end support and business
process completion functions. While functioning, such systems accumulate a large
number of incidental data recorded in logs. Logs can be viewed from a technical point
of view (system logs) or from the point of view of traces of system behavior regarding
business process events (event logs). The latter are a valuable source of knowledge
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about the real behavior of a system. Comparing real behavior with expected behavior,
one can find a lot of useful information, such as: amismatch between the real and desired
behavior of a system (which is especially important in the presence of human factors);
bottlenecks and performance issues; anti-patterns of building a business system, etc.

These tasks are studied by the discipline process mining (PM) [1]. The subjects of
this discipline are business analysts, process owners, data researchers. Its main objects
are business processes. Processes are represented by various abstractions in the form
of statistical, graphical and other types of models, as well as specific executed process
instances recorded in event logs.

Process mining is closely related to data mining,machine learning, modeling and
analysis of process models. The main tasks and goals of this research area are outlined
in the Process Mining Manifesto [2] and can be summarized by three key issues: 1)
extracting a process model from an event log (process discovery), 2) checking whether
a model conforms to real data recorded in the event log (conformance checking), and 3)
correction and improvement of the process taking into account changing data (process
enhancement).

Various means are used to describe process models. These are formal notations
(workflow notations, languages) and software tools (workflow engines/systems).
Currently, a significant number of notations are known for describing processes,
workflows (most of them are based on Petri nets) and systems that implement these
notations in software tools for the end user. Examples are BPMN, a notation for
describing business processes [3]; BPEL, a language for executing business processes
[4]; YAWL, a process modeling language [5], etc.

Transition systems (TS) are one of the most natural notations for representing
event logs. They can be considered both as an independent model for representing
event logs and as an intermediate model on the basis of which other models can be
obtained using special algorithms, that take into account, for example, the presence of
concurrency (Petri nets).

Petri nets are a low-level formalism with a good theoretical foundation, and
they allow checking such properties of simulated systems as soundness, boundedness,
reachability, etc. Due to their low level, Petri nets are not always used as a final model
for analyzing processes; however, they are basic models for building on their basis such
high-level models as BPMN, which are used to describe business processes, or UML
Activity Diagrams [6], which are used to describe the behavior of information systems.
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Despite the fact that process mining is a relatively new direction, it is already
actively used at modeling and analysis of business processes in management [7], in
software development [8; 9], in management of technological processes, in medicine
[10; 11].

One of the key issues facing the process mining discipline is large amounts of
analysis data generated by PAISs. This problem is known as Big Data [12] and includes
several aspects (the four V’s of Big Data): Volume, Velocity, Variety and Veracity. To
date, a large number of algorithms both for synthesis and analysis of process models
have already been developed and continue to be developed. They are based on different
concepts, vary in time/space complexity, as well as accuracy and reliability of the results
obtained by using them.

In the context of big data, only a few algorithms are able to produce some result
in a reasonable amount of time. Even fewer algorithms are able to produce a result that
meets the criteria of accuracy and reliability. For example, the algorithm for constructing
fuzzy maps [13] is widely used in most existing process mining tools, and in many of
them it is the main, if not the only one. This is determined by the speed of its work and
the simplicity of the results. Allowing to obtain a primary model for large input data,
it nevertheless does not provide the opportunity for the representation and analysis of
many important aspects of complex processes, such as concurrency and the presence of
deadlocks. An opposite example is an algorithm based on the theory of regions, which
allows gettinng an accurate and theoretically justified model in the form of a Petri net.
However, the time complexity of this algorithm is significantly higher.

The problem with process models and algorithms that work with them is the size
limit of the event logs which can be processed by such algorithms. The complexity of
some important algorithms, which have a polynomial or exponential dependence on
the size of input data, does not allow to process event logs of real systems with a large
amount of information stored in these logs.

In the case of the algorithm of regions, the main problem limiting its wide
practical application is the time complexity of this algorithm. It is proved that the
problem of synthesis of some varieties of Petri nets by the algorithm of regions belongs
to the class of NP-complete problems [14]. This means that the time complexity of this
algorithm has an exponential dependence on the size of transition system, which is the
input model for this algorithm. For other classes of Petri nets, the algorithm of regions
has a polynomial dependence of the time complexity from the size of the input model
with a high polynomial degree [15]. The transition system is based on an event log, and,
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in the worst case, its size is linearly related to the size of the log itself, which in the case
of real event logs significantly limits the practical applicability of the algorithm.

Thus, an urgent task is to reduce transition systems synthesized from logs of real
systems to such sizes that, on the one hand, they become observable and suitable for
use with complex algorithms (for example, the algorithm of regions), and, on the other
hand, they do not distort the behavior of the real systems or do it to the least extent. To
assess the qualitative characteristics of the synthesized models, which can show how
a model corresponds to the real behavior of a process, model quality metrics are used:
fitness, simplicity and precision [16].

Despite the fact that the theoretical complexity of the algorithm of regions cannot
be “improved”, nevertheless, it is possible to significantly increase the applicability
of the algorithm through its effective implementation, and this imposes special
requirements and restrictions on software tools. Thus, efficient implementation of
software tools for process mining is also an important and relevant task.

The aim of this work is the development of methods, algorithms and tools for
reducing transition systems while controling metrics, such as fitness, simplicity and
precision.

To achieve this goal it was necessary to solve the following tasks:
1. Explore the existing approaches to the problem of reducing transition systems

and other similar models.
2. To develop an algorithm for reducing transition systems based on the

frequency response of the appearance of individual activities in an event
log.

3. Develop an algorithm for calculating the precision metric for transition
systems.

4. Develop criteria for adaptive variation of the parameters of the algorithm for
reducing the initial transition system.

5. To develop an extension of the method of regions for the synthesis of Petri
nets according to transition systems with self-loops.

6. To study the influence of the parameters of the algorithm for reducing
transition system on the qualitative characteristics of the model in the form
of a Petri net constructed on the basis of the reduced transition system using
the algorithm of regions.

7. To develop architectural principles for designing software tools for PM in the
context of working with large event logs of real information systems.
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8. To design and develop, on the basis of the developed architectural principles,
a software tool that implements: a) an algorithm for reducing the transition
system, b) an algorithm for calculating metrics for the correspondence of a
given transition system to the original event log, c) an algorithm for converting
a transition system into a Petri net, d) model visualization algorithms.

9. To conduct complex experiments on event logs of real information systems,
which allows evaluating qualitative characteristics of the obtainedmodels with
different variations of the parameters of the algorithms.

10. To evaluate the time and space efficiency of the implementation of
the indicated algorithms in the designed tool in comparison with the
implementation of the same algorithms in other existing tools for PM.

Scientific novelty

1. A new parametric algorithm for reducing transition systems based on
the frequency characteristics of event log activities has been developed.
Compared to existing approaches of “simple” reduction, the new algorithm
showed better results both in reducing the complexity of the model and in
increasing its accuracy. The experiments were conducted on synthetic and
real event logs.

2. For the first time for the tasks of the process mining discipline, a study
was made of the influence of the size and qualitative characteristics of
the intermediate model in the form of a transition system on the size and
qualitative characteristics of the target model in the form of a Petri net during
conversion using the algorithm of regions.

3. An approach was developed to represent large event logs using an embedded
RDBMS technology, which allows extracting data efficiently from logs with
the possibility of multi-perspective access without rebuilding the event logs.

Practical significance. This work will improve the efficiency of processing large
data sets by process mining algorithms in order to build process models. This will
improve the applicability of algorithms that are sensitive to the size of input data to large
event logs of real information systems. The use of such algorithms with models that are
obtained on the basis of real event logsmakes it possible to more comprehensively study
the behavior of systems for which the construction of process models is performed.

Methodology and research methods. The methodological basis of the research
is set theory, graph theory, automata theory, theory of algorithms and mathematical
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logic, theory of formal languages and grammars, principles of machine learning,
modeling, synthesis and analysis.

Key Results and Conclusions

The main research contribution of the thesis’ author presented for the defense:
1. A method of parametric reduction of transition systems that preserves the

qualitative characteristics of the models.
2. An algorithm of frequency reduction of transition systems.
3. An algorithm for calculating the “precision” metric for transition systems.
4. Amethod for presenting large event logs using relational databases withmulti-

perspective data extraction.
5. An extension of the method of regions for transition systems with loops.
6. Architectural principles, architecture and implementation of an extensible

software toolbox that uses the proposed method of adaptive parametric
reduction of transition systems and synthesis of finite models in the form of
Petri nets.

The reliability of the obtained results is ensured by comparison with results of
related algorithms and methods. The results are in accordance with the results obtained
by other authors.

Publications and Approbation of Research

The results of this thesis have been published in international peer-reviewed
journals and conference proceedings.

Publications

The main results of this thesis are published in the following papers which
are split in groups based on their formal status according to the rules of the HSE
Dissertation Council in Computer Science1. In particular, “Second-tier publications are
papers published in journals included in HSE’s list of high-quality journals or indexed in
theWeb of Science (Q3 or Q4) or Scopus (Q3 or Q4) databases, as well as peer-reviewed

1https://www.hse.ru/en/science/disscoun/council_computerscience/
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conference proceedings appearing in CORE rankings (rank B). Third-tier publications
— the other papers.”

Second-tier Publications

1. Sergey A. Shershakov, Anna A. Kalenkova, Irina A. Lomazova. Transition
Systems Reduction: Balancing Between Precision and Simplicity // Lecture
Notes in Computer Science, Vol. 10470: Transactions on Petri Nets and Other
Models of Concurrency XII. Berlin, Heidelberg : Springer, 2017. С. 119–139.
(SCOPUS-indexed Journal Paper, Q3; author contribution 70 %) [17]

2. Shershakov S. DPMine graphical language for automation of experiments in
process mining // Automatic Control and Computer Sciences. 2016. Vol. 50.
No. 7. С. 477–485. (SCOPUS and WoS-indexed Journal Paper, Q4; author
contribution: 100 %) [18]
A translation of the paper in Russian: Шершаков С. А. Графический язык
DPMine для автоматизации экспериментов в области автоматическо-
го построения и анализа процессов // Моделирование и анализ информа-
ционных систем. 2014. Т. 21. № 5. С. 102–115.

3. Shershakov S. A., Rubin V. A. System Runs Analysis with Process Mining //
Modeling and Analysis of Information Systems (MAIS). 2015. Vol. 22. No.
6. С. 818–833. (HSE’s List Journal Paper; author contribution: 70 %) [19]

4. Paper in Russian: С. А.Шершаков. “VTMine for Visio”: инструмент гра-
фического моделировани в области process mining // Моделирование и
анализ информационных систем, том. 27 № 2, С. 210–233. (HSE’s List
Journal Paper; author contribution: 100 %) [20]

5. Sergey A. Shershakov. Multi-Perspective Process Mining with Embedding
Configurations into DB-based Event Logs // Proceedings of the International
Conference on Software Testing, Machine Learning and Complex Process
Analysis (TMPA-2019). Springer, 2020 (in print) (SCOPUS-indexed
Conference Paper; author contribution 100 %) [21]

6. Shershakov S. A. DPMine/P: Modeling and process mining language and
ProM plug-ins // ACM International Conference Proceeding Series. 2013.
(SCOPUS-indexed Conference Paper; author contribution 100 %) [22]
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Third-tier Publications

1. Sergey Andreevich Shershakov. VTMine Framework as Applied to Process
Mining Modeling // International Journal of Computer and Communication
Engineering. 2015. Vol. 4. No. 3. P. 166–179. (Paper in an International
Journal; author contribution 100 %) [23]

2. Shershakov S. DPMine/C: C++ Library and Graphical Frontend for DPMine
Workflow Language, in: Proceedings of the 8th Spring/Summer Young
Researchers’ Colloquium on Software Engineering (SYRCoSE 2014). M.:
2014. P. 96–101. (Conference Paper; author contribution 100 %) [24]

3. Shershakov S. DPMine: modeling and process mining tool, in: Proceedings
of the 7th Spring/Summer Young Researchers’ Colloquium on Software
Engineering, SYRCoSE 2013 / Ed.: A. Kamkin, A. Petrenko, A. Terekhov.
Kazan, 2013. P. 19–24. (Conference Paper; author contribution 100 %) [25]

Other Papers of the Author

The list of the thesis author’s publications is not limited to the papers listed above.
The following papers are related to the subject of process mining but contain no thesis
contributions.

1. N. S. Zubkova, S. A. Shershakov.Method for BuildingUMLActivity Diagrams
from Event Logs // Proceedings of the Institute for System Programming of the
RAS. 2019. Vol. 31. No. 4. P. 139–150. [26]

2. A.M. Rigin, S.A. Shershakov. SQLite RDBMS Extension for Data Indexing
Using B-tree Modifications // Proceedings of the Institute for System
Programming of the RAS. 2019. Vol. 31. No. 3. P. 203–216. [27]

3. Shunin T., Zubkova N., Sergey Shershakov.Neural Approach to the Discovery
Problem in Process Mining, in: Analysis of Images, Social Networks and
Texts. 7th International Conference AIST 2018 / Ed. by W. van der Aalst,
D. I. Ignatov. Springer, 2018. P. 261–273. [28]

4. K. Davydova, S. Shershakov. Mining Hybrid UML Models from Event Logs
of SOA Systems // Proceedings of the Institute for System Programming of the
RAS. 2017. Vol. 29. No. 4. P. 155–174. [29]

5. Davydova K. V., Shershakov S. A. Mining Hierarchical UML Sequence
Diagrams from Event Logs of SOA Systems while Balancing between
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Abstracted and Detailed Models // Proceedings of the Institute for System
Programming of the RAS. 2016. Vol. 28. No. 3. P. 85–102. [30]

6. Alexey Mitsyuk, Anna Kalenkova, Sergey A. Shershakov, van der Aalst W.
Using process mining for the analysis of an e-trade system: A case study //
Business Informatics. 2014. Vol. 29. No. 3. P. 15–27. [7]

Conferences and Workshops

The results of this thesis have been presented and discussed at the following
conferences, seminars and workshops:

– Conference on Software Testing, Machine Learning and Complex process
Analysis (TMPA-2019) (Грузия). Доклад: «Multi-Perspective ProcessMining
with Embedding Configurations into DB-based Event Logs»;

– Seminar of the Moscow ACM SIGMOD Chapter, No. 207, Moscow, MSU,
Faculty of Computational Mathematics and Cybernetics. Talk: «РСУБД в
Process Mining» (RDBMS in Process Mining);

– Algorithms & Theories for the Analysis of Event Data (ATAED 2016)
(Poland). Talk: «Transition Systems Reduction: Balancing between Precision
and Simplicity»;

– 5th International Conference on Networking and Information Technology
(ICNIT 2014) (Singapur). Talk: «VTMine Framework as Applied to Process
Mining Modeling»;

– Spring/Summer Young Researchers’ Colloquium on Software Engineering
2014 (Saint-Petersburg). Talks: «DPMine/C: C++ Library and Graphical
Frontend for DPMine Workflow Language» and «Component-based
VTMine/C Framework: Not Only Modelling»;

– «Unleashing Operational Process Mining», International Conference of the
IEEE Task Force on Process Mining (2013, Gernamy);

– «Software Engineering Conference Russia» CEE-SECR2013 (Moscow). Talk:
«DPMine/P: modeling and process mining language and ProM plug-ins»;

– Spring/Summer Young Researchers’ Colloquium on Software Engineering
2013 (Kazan). Talk: «DPMine: modeling and process mining tool».
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Research (RFBR), Project No. 18-37-00438 “mol_a”: “Development of methods for
efficient implementation of process mining algorithms as applied to large event logs”
(https://www.rfbr.ru/rffi/ru/rffi_contest_results/o_2058328).

Thesis Outline

The introduction identifies the subject area of the work, provides a rationale for
the relevance of the topic, defines goals and objectives, and discloses the theoretical
and practical relevance of the work.

Chapter One provides a necessary overview of the work on related topics and
introduces the main definitions and concepts used in this work.

First, definitions of the event log, the log trace, the activity, the event, the
transition system and the prefix tree are provided. Then, the principle of the playback
of a trace in a transition system and the partial playback are defined.

Then quality metrics for process models are defined. The following basic metrics
are used in the work: fitness as a degree of conformance between a model and an
event log; precision describing the model accuracy; and simplicity describing the
model complexity. These metrics were previously defined for Petri nets [16], however
they were not for transition systems. The definitions of metrics for transition systems
introduced in this paper are coordinated with the corresponding definitions for Petri
nets, which allows comparing these two types of models. This property is further used
in the synthesis of Petri nets from intermediate transition systems using the algorithm
of regions.

Chapter Two contains a description of a developed parametric method of
frequency reduction of transition systems. A new parametric algorithm of frequency
reduction of transitions systems is presented and its correctness is proved. Further, a
new algorithm for calculating the precision metric for transition systems is described.
A preliminary analysis of efficiency of the developed method of frequency reduction in
comparison with a simple reduction approach is given. In the conclusion of the chapter
the approach to adaptive reduction of intermediate transition systems for building the
resulting model (Petri net) with given characteristics is provided.
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The parametric method of frequency reduction of transition systems contains in
its basis the developed algorithm of frequency reduction of transitions systems and the
calculation algorithm for the precision metric for transitions systems. To describe the
algorithm of frequency reduction, a concept of transition systems with k-window is
defined. The algorithm itself is a three-step algorithm. At the first step of the algorithm,
a complete system of transitions is constructed. For this purpose, a concept of frequency
characteristic of transition systems is defined. It is shown that the transitions system
built on the first step of the algorithm fully corresponds to the event log. At the second
step of the algorithm, the reduction of the transition system built at the first step is
performed by reducing the parts of the model whose frequency characteristic does
not exceed some specified Threshold value (which is a parameter of the reduction
algorithm). After this step, the simplicity of the transition system increases, but at the
same time it ceases to perfectly fit to the event log, which is the initial requirement for
the model. The transition system is restored at the third step of the algorithm. At that,
the frequency properties of the event log are taken into account, so when restoring the
model, rare behavior is generalized and frequent behavior is preserved. As a result, the
reconstructed transition system becomes simpler than the original transition system, and
its precision decreases slightly.

On the third step of the algorithm it is possible to control the degree of reduction of
themodel using an additional parameterVwsc. For any transition system, if the values of
both parameters of the reduction algorithm are selected properly, it is possible to obtain
the most reduced transition system, also known as a “flower model”. Such a transition
system contains exactly one state and as many transitions (self-loops) as activity classes
are contained in the event log. It is proved that after the third step of the reduction
algorithm, the restored transition system perfectly fits to the event log.

To evaluate the precision metric of transition systems, a new algorithm has been
developed based on the simulation of the most precise transition system for a given
event log (to which a prefix tree is assigned) by a more generalized model. The latter
allows more behaviors than the most precise model; for all additional behaviors penalty
points are assigned, which are then normalized and reduce the precision metric.

A method of adaptive reduction of the intermediate transition system used in
the approach of synthesis of the target Petri net by the algorithm of regions has been
developed on the basis of the method of transition systems reduction. The method
is based on a principle that by combining the parameters of the reduction algorithm
it is possible to obtain a transition system whose size does not exceed a certain
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specified value. This value is determined by the possibility of practical application of
the algorithm of regions [31] for synthesis of a target Petri net from an intermediate
transition system. It is known that the algorithm of regions has a significantly large
time complexity dependence on the size of input data, which transition systems are (in
general, it is an NP-complete problem [14]).

In accordance with the adaptive reduction method, a set of intermediate transition
systems is constructed at various values of reduction algorithm parameters, and their
precision and simplicitymetrics are calculated. In the obtained set a system of transitions
is selected such that its simplicity is not less than the threshold of practical applicability
of the algorithm of regions and its precision is as big as possible. The algorithm of
regions is applied only once to the transition system selected in this way. It synthesizes
the final model, which is a Petri net whose precision and simplicity metrics will be
coordinated with the corresponding metrics of the initial transition system. Thus, the
costly operation of building a Petri net is performed only once, and the quality metrics
of the synthesized model are determined already just before performing this operation.

Chapter Three deals with the extension of the Petri net synthesis method using
the algorithm of regions. The classic two-step synthesis method [32] includes building a
transition system on an event log with subsequent synthesis of a Petri net. The extension
of the method adds a new step, which is a reduction of the built transition system by
the developed reduction algorithm with evaluation of the quality metrics of the reduced
transition system before synthesizing the Petri net. The synthesized Petri net has the
same quality metrics, which allows to define them at the reduction step. In addition,
the offered extension includes a modification for work with Petri nets of a special
kind, WF nets (workflow nets). Moreover, a number of approaches are included for
solving the problem of presence of self-loops in the reduced transition system, which
are inadmissible in the classic algorithm of regions.

The chapter introduces new definitions required to describe the specified
extension of the algorithm of regions. First, it provides a formal definition of Petri
nets, labeled Petri nets, andWF nets. A concept of the reachibility graph of a Petri net
is defined. Then necessary definitions from the theory of regions are given. A definition
is provided for a region itself in a transition system as a set of states for which certain
properties with respect to activities (labels) are performed.

Then, a classic implementation of the algorithm of Petri net synthesis on the base
of transition systems by the method of regions is considered. This algorithm is the basis
for a two-step method of synthesis of process models from event logs suggested earlier
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[32]. Limitations on the application of this method in practice are the limit sizes of
the intermediate transition systems. For large event logs encountered in practice, the
size of such intermediate transition systems will be comparable with the size of the
event logs themselves. The modification of the two-step synthesis method described in
this chapter consists in including an additional step, that is a reduction step using the
developed adaptive method for reduction of transition systems.

One of the important features of the frequency reduction method is the building
of self-loops in the graph of a transition system. Self-loops are an important abstraction
mechanism that allows to significantly reduce the size of process models for large
event logs. At the same time, they allow such models to be perfectly fit to the event
logs for which these models were built. The classic algorithm of region is applicable
for transition systems that do not contain self-loops. To overcome this limitation, an
extension of this algorithm has been developed as part of the work on the thesis, which
is also described in the Chapter Three.

Chapter Four is devoted to the efficiency of software implementation of a toolkit
for process mining. Based on an analysis of typical scenarios of using software tools
for solving problems of synthesis and analysis of process models, a set of requirements
to production software for process mining is composed. The architectural principles
underlying the highly utilitarian LDOPA library for process mining (available on the
project’s web site https://prj.xiart.ru/projects/ldopa) are defined. Special
approaches to memory management and development of specialized data structures
reflecting specific features of models in this subject area are outlined.

Special attention is paid to the application of relational DBMS to work with large
event logs on the example of a study of real information systems’ behavior. An approach
to detecting the behavior of a special type (patterns and antipatterns) in PAISs using an
RDBMS is presented. Finally, a new method of presenting large event logs using a
DBMS with multi-perspective data retrieval is described.

Chapter Five describes methods and tools to improve the efficiency of process
mining experiments. Based on a prepared software stack, a description given for the
developed DPM graphic modeling language for experiments; VTMine for Visio
graphic modeling tool; and a set of experiment models. The approach to automation
of complex experiments with the help of Python scripts and LDOPA library access
component is described, examples of scripts are given.

Chapter Six describes the results of an experimental study of the efficiency
of the developed algorithms and tools based on sets of event logs, both artificial

15

https://prj.xiart.ru/projects/ldopa


and real. A number of hypotheses concerning the influence of the parameters of the
frequency reduction algorithm on the quality metrics of the resulting models and
the time of synthesis of target Petri nets by the algorithm of regions are proposed
and experimentally tested. An evaluation of the efficiency of the algorithms’
implementation in LDOPA library with respect to time and memory is given in
comparison with similar solutions.

Finally, the conclusion lists the main results of the work.
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