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TRANSFORMATION OF RANDOMLY GENERATED
NON-DIRECTED GRAPH INTO EULERIAN GRAPH
AND DETERMINATION OF EULERIAN CYCLE
Summary: The article discusses the problem of transformation of randomly generated
undirected graph into Eulerian graph. The authors has written their own computer program that
solves the defined problem. The transformation operation was presented on a randomly
generated graph in the form of visual iteration after iteration. The graph with an Euler cycle
obtained after each operation was subjected to an algorithm designed to determine the Euler
cycle. This cycle is marked edge after edge with a color different to the edges not yet marked.
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TRANSFORMACJA LOSOWO WYGENEROWANEGO
NIESKIEROWANEGO GRAFU W GRAF EULEROWSKI
ORAZ WYZNACZENIE CYKLU EULERA
Streszczenie: W artykule omówiono problem transformacji losowo generowanego
nieskierowanego grafu w graf Eulerowski. Napisano własny program komputerowy
rozwiązujący zdefiniowany problem. Operacja transformacji została zaprezentowana na
pierwotnie losowo wygenerowanym grafie w postaci graficznej - iteracja po iteracji.
Otrzymany po wykonaniu poszczególnych operacji graf posiadający cykl Eulera, poddano
działaniu algorytmu mającego na cel wyznaczenie cyklu Eulera. Cykl ten jest zaznaczany
krawędź po krawędzi kolorem odmiennym do krawędzi jeszcze nieoznakowanych.
Słowa kluczowe: nieskierowany graf, cykl Eulera, graf Eulerowski, transformacja,
wizualizacja

1. Introduction
The aim of the project is to create a program (Figure 1 and 2) that randomly generates
a graph with predefined initial parameters, as well as shows a graph on a screen. An
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effective algorithm transforming the generated graph into Eulerian graph (i.e.
one in which it is possible to determine the Euler cycle) should be implemented [1-4].
The determined Euler cycle should be presented on the graph as well as the route
could be stored in a file.
Upon the entered data (number of graph vertices and probability of
existence of an edge) – an exemplary graph is generated. The action utilizes the
pseudo-random numbers generator. In our program, the information about the graph
is stored in an incidence (0,1)-matrix; i.e. the basic form of representation of links
between individual vertices. The incidence matrix will be used repeatedly during the
application's lifetime.
The graphical representation of the graph should be chosen
from the available variants - among others: drawing the graph on the circle, drawing
the scattered graph (having a random distribution of vertices) and many others. Only
after defining the presentation method, the application starts. At this stage the graph
is a pseudo-random one, it may be disconnected as well as it may not have an Euler
cycle, which from our point of view is an undesirable case.
In the next stage the user must signal the willingness to repair the generated graph by
pressing the appropriate button on the graphical interface of the application. After this
step, the program starts the process of repairing the graph to make it a connected one,
as well as an Eulerian graph. Graph repair animation is shown in the application
workspace.

Figure 1. USE-CASE.
After a successful repair, the program displays a modified graph on the screen, which
is already an Eulerian graph. Another very important functional option of the
application is the animated presentation of the Euler cycle. At this stage, the user can
set the time for which the program will be put to sleep between marking successive
edges of the drawn Euler cycle.
Once the Euler cycle has been successfully determined, the program ends its work.
The goal has been achieved. At this point, the user can enter new data that will be
used for the next instance of graph generation and possible repair, or she/he can save
the results obtained by selecting the option to export to the output file from the
program menu.
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2. USE-CASE Figure of the UML standard
In Figure 1 the idea-diagram of the application is presented. The available
functionalities are listed. The decisions have to be taken and entered by a user, using
appropriate buttons and data fields in a dialog panel.

3. Block Figure of program operation

Figure 2. Block Figure.
In Figure 2, the algorithm flow diagram is presented, showing the loops which can be
performed until the final eulerian graph is obtained. According to the Euler theorem
such a graph has all vertices of even degree. It means that the eulerian cycle enters
and leaves every vertex. It means that two edges are utilized (in and out) for one visit
in a particular vertex.

4. Description of the operation of the Non-Eulerian Graph repair
algorithm
The author's algorithm to repair the graph operates on a three-dimensional table in
which initial graph is encoded. We created separate sub-tabs for vertices with even
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and odd degrees as well as for vertices without edges. The vertices in arrays
themselves are objects that contain the corresponding number of vertex from the
incident matrix, and a list of adjacent vertices (objects) to which they are connected.
The algorithm works by checking if there are zero or odd degree vertices,
and then using an appropriate repair method for a particular vertex.
For vertices of zero degree we have methods such as connecting this vertex to 2 odddegree ones. If there are no odd degree vertices, we destroy the connection between
two even vertices to connect the newly separated vertices with the vertex of the zero
degree.
For odd vertices, there is an additional method consisting in 3 possibilities:
a) if the 2 vertices of the odd degree are connected with each other, we destroy the
connection between them. If the result is that one vertex has now degree zero, then
the method for zero degree vertices will be called up;
b) if any of the 2 odd vertices has more than one connection, remove one redundant
connection to obtain a proper one,
c) if 2 vertices of the odd degree are not connected, add an edge connecting these
vertices.
Of course, all these methods are carried out in the loop as long as there are any vertices
of the zero or odd degree. The disadvantage of this algorithm is that in some cases it
is possible to generate a disconnected graph.
If after the performance of the algorithm, a disconnected graph is created or the repair
is unsuccessful (the graph is not Eulerian), a new graph with the same parameters is
generated at random and its repair is carried out immediately (if not Eulerian).

5. Development environment
The Euler cycle generation program is made using the C# language in the .NET
Framework technology, which is responsible for the entire logic module, and using
the WPF technology, which ensures comfortable and intuitive work with the program
using the user interface. In order to program our problem we used Visual Studio 2017
Enterprise environment and a remote repository used to synchronize the program
between different platforms during its creation.

6. User interface
The program allows the user to enter/change the following parameters:
- number of vertices to be generated,
- values of probability of drawing/existence edges between vertices Vi and Vj,
- algorithm by which it will be generated and represented on the graph workspace,
- time between highlighting successive edges of the Euler cycle for the selected option
of determining such a cycle.
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Screenshot 1. Main program window
The programme is divided into 3 main sections (Screen 1):
– information section - contains parameter settings together with the incidence matrix,
as well as information about the graph: is it Eulerian?, is it connected?, has an Euler
path/cycle? In this section user is obliged to select one from various methods of graph
presentation located in work section (Screen 3). This section also displays the order
of the vertices of the determined Euler path/cycle, if one exists;

Screenshot 2. Information section
- control section - contains buttons that allow you to perform specific operations
related to graph generation (Screen 2).
The listed actions are available (Screen 4):
* Generate Graph - the algorithm of generating the graph is started using the data
provided by the user.
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* Repair Graph - this option is only available if the generated graph is inconsistent or
non-eulerian. After pressing the button, the graph repair algorithm will be called up.

Screenshot 3. Available graph presentation algorithms.
* Determine the Euler cycle - pressing this button results in running the algorithm that
determines the Euler cycle on the presented graph. The interval between successive
edge markings is defined by the user in the information section.
* Save to file - option to transfer the data collected by the application to the output
file in .txt format.
* Reset - a button to clear all sections.

Screenshot 4. Control section
- work section - contains the workspace in which the graph is displayed. The user is
capable of using mouse in order to highlight edges when hovering over them, as well
as to move individual vertices. In this section, all the presentation operations related
to the graph are performed

7. Generated output file
The resulting file is saved in .txt format and has the following structure:
Date of generation: _______________
<<University of Bielsko-Biala - 50 years of tradition >>
Łukasz Czepielik, Kamil Haręża, Konrad Korzonkiewicz, Bartosz Wróbel
The next segment is repeated for each graph state that has occurred.
Graph state: ______
Number of vertices in the graph: ______
Number of edges in the graph: ______
The plausibility of creating an edge: ______
Consistent graph: ______
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Eulerian graph: ______
Incident matrix ______: [in what state of the graph]
____________________
______ Matrix________
____________________
Euler Path/Cycle: ______

8. Analysis of the operation of the programme
Initially, the user must enter the necessary data in order to be able to start the process
of generating the graph.

Screenshot 5. Entry
of data initiating the
program

Screenshot 6. Generated graph

Now, in order to generate a graph, the user should press the "Generate graph" button.
In Screen 5 – the following options had been chosen: number of graph vertices is equal
to 10, probability of existence of an edge is equal to 0.4. As a result of an executed
action a connected graph has been generated, which is not an Eulerian graph. For
better visibility of the individual connections between the vertices, it would be good
to enlarge a little distances between them.
The panel on the left side, allows also for presentation of the incidence matrix. The
graph vertices are shown as circles, the numbers of vertices are placed inside these
circles. In Screens 6 and 7, the vertices are placed evenly on an invisible circle. It is a
commonly utilized way of presenting a graph. It has advantages and drawbacks. As
we can see, the drawback is that the vertices are placed very near one to another.
Aiming for a better view of the graph, the invisible circle could be enlarged. A new
view of the graph is presented in Screen 7.
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Screenshot 7. Changing the position of vertices
and displaying details of the selected edge
User has some other options for showing a generated graph in the visualisation panel
(sub-screen) (Screen 8). Here the edges are presented by means of special curves
instead of a straight, continuous lines. The discussed options gives an impression of
more complicated structure of a graph. It is only an impression. But we decided to
continue considerations for the graph where vertices are distributed in a form
of a circle.

Screenshot 8. Changing the graph generation algorithm
After the last operation was finished, it is possible again to generate a new graph
on a circle and call up the graph repair mechanism by pressing the "Repair graph"
button. First, the "Generate Graph" button was activated.
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Screenshot 9. Re-generation of the graph along with the movement of vertices
The repair process has begun - "Repair Graph" has been pressed.

Screenshot 10. Repaired graph
The presented results have shown that after the repair a connected Eulerian graph was
received. Moving the vertices away from each other a little makes the connections
between them more visible (Screen 11). The activity of the application is visualized
by means of change of colors of graph edges.
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Screenshot 11. Graph after manipulating the positions of vertices
The edges are now red because the Euler cycle determination function is activated
immediately after the repair has been completed.
In order to have second chance to spot (to observe on the screen) the Cycle
building process it is necessary to press the "Designate Euler Cycle" button in order
to perform this task once more.

Screenshot 12. Determining the Euler cycle (during performance, exemplary step)
Of course, it is not possible to present this issue well on paper, but in the attached
screenshots it is possible to see that some of the edges have been colored red, which
indicates that they have been marked as being part of the Euler cycle.
By pressing the "Set Euler cycle" button again, the animation of marking the
edges of the cycle will be repeated. By pressing the "Save to file" button the results
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will be saved to file. The last option is pressing the “Reset” button in order to delete
current outputs in the entire application.
After repairing the graph is worth documenting in a generated text file.

Screenshot 13 - Content of the created file
The stored output file (Screen 13) contains information on generated and repaired
graphs as well as the determined Euler path or cycle in the form of sequence of visited
vertices. The information has the following details: date and hour of generation,
matrices as well as graph parameters: number of vertices and edges, probability of
existence of an edge.
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9. Final remarks
The described programme was written within the framework of the subject
“Algorithmic graph theory”. It has several functionalities and several options of
visualisation of performed algorithms on the view panel. It could be used in didactics
of the mentioned subject as well as some other classes related to discrete mathematics
and programming.
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