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allows us to highlight individual cases or groups of cases in the overall model. The approach is implemented 
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examples.  
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Аннотация. В данной статье предлагается метод визуализации моделей ациклических процессов, 

основанный на объединении графов непосредственного следования и диаграмм Санкей. Графы 

непосредственного следования – популярная графическая модель для визуализации моделей 

дискретных процессов, в то время как диаграммы Санкей используются для представления потоковых 

данных. Наш метод, основанный на потоковых диаграммах, позволяет выделять на общей модели 

отдельные экземпляры или группы экземпляров процесса. Для подхода, предложенного в работе, 

представлена реализация в виде веб-приложения, которое позволяет, на основе журналов событий 

ациклических процессов, строить и анализировать поведение процессов. Применимость 

предложенного подхода иллюстрируется и оценивается на примерах образовательных процессов. 

Ключевые слова: визуализация данных; process mining; графы непосредственного следования; 

диаграмма Санкей; анализ процессов; веб-приложение. 

Для цитирования: Дерезовский И.Д., Шаимов Н.Д., Ломазова И.А., Мицюк А.А. Объединение графов 

непосредственного следования и диаграмм Санкей для визуализации ациклических процессов. Труды 

ИСП РАН, том 36, вып. 4, 2024 г., стр. 155–168 (на английском языке). DOI: 10.15514/ISPRAS–2024–

36(4)–12. 

Благодарности: Работа поддержана Программой фундаментальных исследований Национального 

исследовательского университета «Высшая школа экономики» (НИУ ВШЭ), Россия. 

1. Introduction 

The visual representation of information makes it possible to analyze data quickly and in an 

accessible form. Visual analytics is widely used in the analysis of various processes [1], [2], [3], [4]. 

In the field of process analysis, process mining techniques are widely used to automatically 

synthesize and evaluate process models based on event logs [5], [6]. The resulting models are used 

to detect and eliminate flaws in existing processes. 

Currently, process mining is particularly relevant and in demand. Recent research shows interest in 

the application of process mining in many fields such as business, healthcare and education [7], [8], 

[9]. Process mining techniques allow representing the behavior of a process in a visual form suitable 

for visual analytics [10]. 

Today, experts and researchers in the field of process analysis use various approaches to visualize 

process models. Specifically, processes can be represented as Directly-Follows Graphs (DFG), 

BPMN-models and Petri Nets. DFG is a simple and popular model that is easy to discover. However, 

due to its simplicity, it may represent the process too imprecisely. In particular, a DFG model can 

allow impossible behavior, which in turn can lead to incorrect conclusions about the features of the 

process [11]. An acyclic process has no cycles and can be considered as a flow of events. The Sankey 

diagram is often used to visualize various flows. This paper takes into account the advantages of 

both DFG and Sankey methods of visualizing processes and expands them to get a better visual 

representation of the acyclic processes. 

The main goal of this paper is threefold: (1) to present a method to visualize an acyclic process 

model based on merging Directly-Follows Graphs (DFG) and Sankey diagrams that makes the 

analysis of such processes more convenient, (2) to illustrate and evaluate the proposed approach 
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using real examples, (3) and to implement the proposed visualization method as a web application, 

describe its functionality and development technology. 

The paper is organized as follows. Section 2 presents the problem we solve. Section 3 provides an 

overview of other existing solutions, highlighting their strengths and weaknesses. We discuss an 

illustrative motivating example in Section 4. Then, Section 5 presents the idea of our solution, 

whereas Section 6 discusses its technical aspect. Section 7 contains some findings and evaluations 

made when analyzing an example of visualization of a model of a real educational process, built 

from an event log. Finally, Section 8 concludes the paper.  

2. Problem statement 

Digitized processes in various fields generate significant amounts of data, including event data 

reflecting user behavior. Through investigation of the process models, it is possible to obtain various 

insights about existing processes and come up with necessary changes in processes. The data does 

not take into account human relationships or other individual aspects. That means that decisions 

cannot be performed in an automatic manner. Automated tools for process analysis should only help 

experts by providing the necessary information for decision-making. 

It is a very important task to visualize generated models in an accessible and understandable way. 

There are many tools for visualizing process models, some of the popular ones are considered in the 

next section. However, existing tools do not provide an approach for the analysis of acyclic 

processes. Such processes occur when events in a process are arranged in a chain-like manner with 

no cyclic behavior. For example, an educational process where students attend lectures and seminars, 

perform homeworks and tests [7]. 

In this paper, we propose a way to visualize acyclic processes and present the tool that allows users 

to generate and visualize models of acyclic processes, highlight specified cases on the existing model 

and construct intersections for specified groups of cases. 

We propose a way to visualize an acyclic process based on merging Directly-Follows Graphs (DFG) 

and Sankey diagrams. This method we implement as a client-server application that enables building 

models of acyclic processes from event logs, and visualizing them in the form of very specific 

oriented graphs. Moreover, the acyclic nature of the process makes it possible to compare different 

groups of cases within the process through the intersection of flows. The proposed visualization will 

simplify the analysis, search for relationships, deviations and anomalies in acyclic processes. 

3. Overview of existing solutions 

Many tools for visualizing process models based on event logs are available. We compare our tool 

with the following process mining tools and instruments for visualizing data in the form of various 

graphs and diagrams. Results of the comparison are summarized in Table 1 with the following 

numbering: 

1) PMTK (novel web-based Process Mining ToolKit) [12]. 

2) Celonis (commercial online platform for analysis business processes) [13]. 

3) SankeyMATIC (website for building Sankey diagrams) [14]. 

4) Fluxicon Disco (application for analysis business processes) [15]. 

5) ProM (plugin-based framework for process mining) [16]. 

6) Proceset (analytical system for collecting and uploading data, conducting research in 

process mining) [17]. 

7) Solution proposed in this paper. 



Derezovskiy I.D., Shaimov N.D., Lomazova I.A., Mitsyuk A.A. Merging Directly-Follows Graphs and Sankey Diagrams for Visualizing 

Acyclic Processes. Trudy ISP RAN/Proc. ISP RAS, vol. 36, issue 4, 2024. pp. 155-168. 

158 

Table 1. Analysis of existing solutions. 

 

3.1 The Process Mining ToolKit (PMTK) 

The Process Mining ToolKit, i.e., PMTK presents process mining algorithms and techniques in an 

easy-to-use solution. PMTK is built on top of the PM4Py library and allows non-technical users to 

use the advanced process mining technology implemented in PM4Py [18]. 
The important advantage is that PMTK provides a workspace in which the user is able to organize 

various event logs and projects. Subsequently, various objects, e.g., event logs and filters can be 

stored in the corresponding project’s folder. Also, PMTK implements a process map with various 

filtering options (i.e., filtering of edges and activities). As such, PMTK, can be seen as a front-end 

solution for the advanced open-source process mining library PM4Py. But a user cannot really 

interact with the graph: for example, one cannot select vertices and transitions by clicking on the 

corresponding elements.  

3.2 Celonis 

Celonis is one of the leading products in the field of Process Mining. This commercial 

comprehensive software is designed to analyze, visualize and optimize processes within an 

organization based on data obtained from various IT systems. Including the analysis of educational 

processes. 

The main advantage of Celonis is the ability to build different stages of processing applications on 

a straight line. By revealing different parts of the process, users can find out how many people 

participated in the processing of this incident, see the duration of each stage, and track statistics. 

But it is difficult to integrate this online platform into the work of a non-commercial organization, 

since most of the functions are paid. There are also serious limitations in working with data: in 

particular, there are few data filtering options. 
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3.3 SankeyMATIC 

SankeyMATIC is a free online tool that provides a wide range of controls that allow the user to 

customize the design of the constructed diagrams. User can export final design as either a PNG or 

SVG file. The advantage of this web tool is that it specializes in building Sankey diagrams. 

However, SankeyMATIC does not provide the ability to create and manage projects, organize long-

term work with data. There are serious limitations in working with data, as with previous analogues. 

3.4 Fluxicon Disco 

Disco's process development technology helps to build visual diagrams based on uploaded data. The 

program allows to perform process data analysis in order to optimize the efficiency of processes, 

control deviations, or explore various options for process tracks. 

The advantages of the application are detailed statistics in a convenient visual form, convenient tools 

for filtering data, convenient tools for creating and working with user projects. 

It is worth noting that a significant part of the functions is provided on a paid basis. 

3.5 ProM 

ProM is used to work with business process-related data and offers a variety of tools for analyzing, 

modeling, and improving business processes. ProM Tools provides a wide range of algorithms for 

process analysis, such as algorithms for detecting process models, algorithms for analyzing process 

performance, and many others. ProM also supports various process modeling standards, such as 

BPMN  (Business Process Model and Notation), Petri Nets and others. 

ProM is an extensible framework that supports a wide variety of process mining techniques in the 

form of plugins. It is platform independent as it is implemented in Java, and can be downloaded free 

of charge. 

3.6 Proceset 

Proceset is an active business intelligence system designed to manage and analyze business 

processes in real time, which allows you to quickly respond to changes and events within business 

processes. 

The system integrates with various data sources, such as databases, process management systems 

(BPM), customer relationship management systems (CRM) and others, to obtain up-to-date 

information about processes. 

Proceset provides visualization of business process data in a convenient and informative form, using 

only simple line graphs, process maps and tables. 

An important disadvantage of the system, as with all the considered analogues, is also the inability 

to select subsets of cases using the specified filters from the general event log. It is also impossible 

to visualize models with multiple subsets with intersecting elements. 

These analogues have a number of important common disadvantages: 

 The inability to filter the event log (graph) by trajectory options through interactive 

selection of events and transitions (by clicking on the vertices and edges of the graph); 

 The lack of visualization options for models with intersecting subsets; 

 The inability to create and save subsets of cases. 

4. Motivating example 

Let us consider a process where in each trace events do not repeat themselves, and the resulting 

model is acyclic. It can be represented as a flow, where cases flow from one event to another. 
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Generally, such cases are represented with DFG, where events and transitions from one event to 

another are shown as nodes and arcs whose thickness is based on the number of involved cases.  

The problem with DFG is that in some cases it does not allow us to identify dependencies between 

events. As an example, consider the event log in Table 2, which contains data on students’ academic 

performance, and its DFG model in Fig. 1. For each trace in this event log, events «LR17 high» and 

«Accum low» do not occur in the same trace. However, the model in Fig. 1 allows a trace passing 

through these two events. Also, when we need to analyze certain groups of cases, the most common 

approach is to construct a separate model for this subgroup. Then an existing event log is filtered, 

leaving only the relevant cases, and a new model, based on the filtered event log, is synthesized and 

visualized. This leads to a quite cumbersome analysis and requires a visual comparison of two 

models.  

Table 2. Example of an eventlog. 

 

To better reflect the flow of cases and dependencies between certain events, we can merge DFG 

with the Sankey diagram that is used to display flows. Such visualization allows to track changes in 

case flow at each moment of the process. As for analyzing groups of cases, a selected case or group 

of cases can be highlighted on the model as a separate flow. In this way, analysis can be performed 

on the same model without the need to create a separate model. Additionally, a selected group can 

be visually compared with the rest of the cases or with other groups. 

Let us take a look at an example with educational flow where students pass control elements of a 

course. For instance, consider the event log in Table 2. This log contains real data about students, 

grades received by students in a certain educational discipline, teachers and study groups. The grades 

for the test work are divided into pairs in accordance with the order in which they are carried out. 

For example, we want to take a look at students with low accumulated grade to find potential causes. 

Using the PM4PY python library, we can generate the DFG model of the process (see Fig. 1). Now 

we can apply filter to the event log and leave only traces containing «Accum low» events. Building 

a model with filtered log provides us with the following model (see Fig. 2). To search for potential 

causes both of the models should be analyzed side by side. The situation with the generation of Petri 

Net models is similar (see Fig. 3). Using DFG merged with the Sankey diagram, we can highlight 

traces with the «Accum low» event (see Fig. 4). Both models allow detecting differences between 

the specified group of students and the rest of the students. But DFG merged with the Sankey 

diagram eliminates the need to compare two models’ side by side and more clearly shows the flow 

of these cases in proportion to the others. 

5. Proposed solution 

In this work, we propose the development of a tool in the form of a web application focused on the 

generation and visualization of acyclic process models. This tool will allow us to build interactive 

acyclic process models from event logs. The application provides the ability to specify subsets of 

cases from loaded event logs. The user can select subsets to be highlighted in the visualization, in 

order to display the trajectories of the selected subset among the other cases. In addition, it is possible 
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to simultaneously visualize two selected subsets of cases and highlight the cases included in both 

subsets. 

 
Fig. 1. An example of a DFG model of the educational process. 

 
Fig. 2. The DFG model for traces containing the «Accum low» event. 

 

Fig. 3. The Petri Net model for traces containing the «Accum low» event. 
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Fig. 4. The DFG model merged with the Sankey diagram with traces containing the «Accum low» event 

highlighted. 

As a base for our data flow graphical representation, we chose a Sankey diagram. The classic version 

of the Sankey diagram, which is shown in Fig. 5, specializes on visualization of flows, but such 

diagrams do not contain vertices as such. This makes it difficult to view and analyze activities of a 

process, and, compared with the DFG, cuts off a significant part of the important information about 

the number of elements involved in the event. 

 
Fig. 5. An example of a classic Sankey diagram of a thermodynamic steam cycle [19]. 
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The proposed solution to the problem is to merge the Sankey diagram with the DFG (see Fig. 6). By 

modifying the DFG, replacing the edges with wide transitions of the Sankey diagram and changing 

the size of the vertices in accordance with the number of cases involved, we obtain a visualization 

that clearly shows the proportional distribution and movement of cases throughout the process. 

 
Fig. 6. An example of visualization for acyclic processes based on merging DFG and Sankey diagram. 

Let us review the obtained visualization for process models. The model columns represent process 

actions. For example, in the case of educational processes, they may correspond to academic 

disciplines or forms of control (seminar, test, exam, etc.). Columns may contain several nodes. Each 

node may represent a different action category in the process. For example, they can correspond to 

student grades (excellent, good, satisfactory, unsuccessful or «none» if the student missed a form of 

control). The arcs of the model show the transitions between events. Thickness of nodes and arcs 

correlate to the number of cases passing through them. 

The resulting visualization is envisioned to be part of the web application. The application will allow 

us to bring interactivity into the visualization. For example, users can filter out a specific group of 

cases based on events and transitions through interaction with process visualization. This could be 

done by clicking on the corresponding elements (events or transitions).  

Next, we describe the main features of the application in more detail. 

The application provides the ability to apply filters. Each applied filter is added to the list of currently 

applied filters. The selected set of cases is defined by the list of current filters. Cases can be filtered 

by the following categories: 

1) by events – cases should or should not contain a specified event or events; 

2) by transitions – cases should or should not contain a specified transition or transitions; 

3) by attributes – cases should or should not contain certain attribute values. 

For example, for an educational process, an attribute can be specific student or teacher IDs, grades, 

etc. 

In addition, we would like to emphasize the ability to create subsets of cases based on a list of filters. 

Cases that fit the current filters can be saved as a subset. The resulting subsets of cases can be 

highlighted in the model or used to create a visualization of the intersection of two selected subsets. 

Visualization of the intersection of two selected subsets shows one subset in one color and the other 

one in another color. Cases that present in both subsets will be shown as a gradient of two colors. 
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The rest of the cases are shown in neutral color. As a result, visualization will display 4 different 

categories of cases that: 

1) present only in the first subset; 

2) present only in the second subset; 

3) present in both subsets; 

4) not present in any of the subsets. 

It is important to mention the limitations of our visualization. The process must be acyclic, since 

cycles can disrupt the visual coherence of the model. Therefore, each action for each case in the 

event log should occur no more than one time. 

The application provides an account system to implement the saving of the user's work progress. 

After registering or logging in, the user can create a project and upload the necessary event logs. 

Projects store uploaded event logs and created subsets of cases.  

And of course, the most important function of the application is model generation using uploaded 

event logs and subsets. Generation takes place at the time of request for visualization of the process 

model and mostly follows standard DFG generation algorithm. Unique event names in the event log 

create the set of graph vertices and edges reflect direct transitions from one event to another.  

6. Tool architecture and implementation 

Let us describe the architecture of the developed web-based application. It follows the client-server 

application model and shown in Fig. 7. The main three components of our client-server application 

are as follows: 

 Web client handles and displays the visualization of the generated model. It communicates 

with the server via HTTP requests, providing information about the selected event log data, 

applied filters, and authorization requests; 

 Web server constructs educational process models and filters event logs. Upon receiving 

requests from the web client, it processes the data and returns an HTTP response containing 

the educational process model with applied filters, along with user data; 

 Database stores event logs and responds to data requests from the server. It provides 

information about users, projects, and event logs back to the server when it receives a 

request. 

 

Fig. 7. The software architecture. 

The user interface (the client-side part of the application) is implemented in JavaScript using HTML 

and CSS. This combination consists of the typical technologies used to build web-based 

applications. JavaScript provides dynamic behavior and interactivity, while HTML defines the 

structure of web pages, and CSS handles presentation and styling. It is supposed to use a JavaScript 

library React JS for creating user interfaces. This library supports component-based architecture, 

which makes it easier to manage and reuse UI elements. React's document object model helps update 
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the user interface efficiently, leading to faster rendering and an improved user experience. This 

architecture encourages cleaner code organization via components, promoting improved 

maintainability and scalability of web-based applications. The part of the program responsible for 

plotting and visualizing graphs is implemented using the open-source JavaScript library D3.js (Data 

Driven Documents 7.6). This library provides extensive capabilities for creating custom 

visualizations, allowing developers to design bespoke charts and graphs tailored to specific needs. 

D3.js uses SVG, HTML and CSS to render visualizations. This provides flexibility and control over 

the appearance and behaviour of the elements, giving more power over data representations. 

The developed tool for visualizing acyclic processes is implemented as a client-server application. 

Python was chosen to implement the backend of the application. It should be noted that a lot of 

Python frameworks are available to implement the backend of the web application, including 

Django, Flask and Pyramid. These frameworks provide opportunities for developing server-side 

components of applications, such as handling HTTP requests and communicating with the backend 

of the application with databases. An important advantage of using Python for programming is that 

it can be easily integrated with other programming languages. It is especially important that it can 

be used in combination with JavaScript. Additionally, Python is widely used for data analysis, 

including in the field of process mining. Python provides many libraries and frameworks for 

analyzing and visualizing process data: numpy, pandas, pm4py, and others. 

In our application, PostgreSQL has been chosen as the database management system for storing 

information about users, created projects, and uploaded event logs. In general, PostgreSQL supports 

the management of databases of unlimited size. 

Visual Studio Code is a popular web application development tool which supports programming 

languages such as JavaScript, HTML, and CSS, as well as Python, React JS, which we used for the 

development of our visualization tool. 

7. Findings and evaluations 

Let us now provide some observations that were made in the course of analyzing the visualization 

of the model built on the basis of event logs of the real learning process. The event logs contain 

information about students' grades for the algebra practicum course. 

Fig. 8 shows the visualization with the intersection of two subsets of cases. The first subset contains 

students who received an excellent grade for the last work (node «LR18»), and the second subset 

contains students who received a low accumulated grade (node «Accum»). The resulting grade for 

the discipline is formed as follows: the resulting grade consists of the accumulated grade and the 

final exam grade; the resulting grade is a sum of those grades where each grade has a certain 

coefficient. The accumulated grade is a sum of all the grades that the student received throughout 

his studies in the discipline, each with their own coefficient. The final exam takes place at the end 

of the academic discipline. The visualization shows the trajectories of students from the two subsets, 

and students who belong to the intersection of these subsets (those who had received an excellent 

grade for the last test work and a low accumulated grade), are highlighted by a gradient. 

From the model, it is clear that most of the students who received a low accumulated grade received 

a medium final grade. This may indicate that these students received a medium or high mark for the 

final exam and successfully completed the course. To look at the trajectory for such students 

throughout the course, we can click on the transition between the «Accum low» and «Result med» 

vertices to form a subset of students who contain this transition in their trajectory. The subset, 

highlighted in blue color, is displayed on the model (see Fig. 9). 

Upon further analysis of the diagram, it becomes clear that these students missed a large number of 

assessments, resulting in a low accumulated grade. 

Detailed analysis of the educational process models combined with visualization for subsets of 

students will help to identify areas and events that may be a cause for concern and require special 

attention from educational program administrators. 
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Fig. 8. Visualization of the intersection of two subsets of cases. 

 
Fig. 9. Visualization of  the subset of students. 

8. Conclusion 

In this paper, we presented a new method for visualizing acyclic processes. The visualization is 

based on merging of DFG and Sankey diagrams,  taking advantage of the benefits of each. Our 

approach, based on the flow diagrams, allows us to highlight individual cases or groups of cases in 

an overall model. The approach is implemented as a web-based tool that allows us, given an event 

log of an acyclic process, to construct and analyze the process behavior. It is assumed that in 

combination with other data analysis methods, the causes of particular events and trajectories can 

be easily identified. 
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The application provides the ability to specify subsets of cases from uploaded event logs to highlight 

them in the visualization. In addition, one can simultaneously visualize two selected subsets of cases 

and highlight overlapping cases that are included in both subsets.  

As an example of the practical usage of the developed application, we show how it allows analysts 

and managers of educational programs to analyze data about the learning process and students’ 

trajectories by visualizing educational trajectories in order to identify deviations, relationships and 

anomalies that require special attention from administrators of educational programs. 

An important constraint of our solution is that it deals with acyclic models only. For future work we 

plan to generalize our visualization method for models with cycles. 
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