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AunHaranus. [IpoGieMa MakCHMajbHOH CBS3M B IBYIONBHBIX B3BCLICHHBIX rpadax MMEET Ba)KHBIC MPAKTHYCCKUE
NPUIOKEHUsI B 00MacTH 000poHBI U Oe3omacHocTH. Hampumep, B KOHTEKCTE MOrPaHUYHON 0€30MacHOCTH mpobdiema
BO3HHUKACT MPU PACIPEACIICHUH PECYPCOB ISl MOHUTOPHHTA M PearnpoBaHUs Ha MOTCHIMAIbHBIC YIPO3bI, T Beca Ha
KpasiX MPEACTAaBILIIOT 3()(MEKTHBHOCTD PA3IMYHBIX PECYPCOB ISl OOHAPY)KSHHWSI MM CMSTYECHHS KOHKPETHBIX YIPO3.
HaxoxmeHne MakCUMalTbHON CBSI3U B TAKOM rpad)e MOXKET TapaHTHPOBATh, 9TO HamOosee 3 (HEKTHBHEBIE PeCypChl OyayT
BBIJIEJIEHBI HAn00JIee BXXHBIM 00JIACTSIM, TEM CaMBIM YITy4IIHB OS30IIaCHOCTh IPaHHII.

IToMrMO BOSHHBIX NPHIOXKEHHH, IPoOIeMa MaKCUMAJIBHOW CBS3U B ABYHOJBHBIX B3BEIICHHBIX Ipadax TaKkKe MOXET
MIOBBICHTH 0€30IIaCHOCTH CeTH. [lyTeM MonenupoBaHus CETH B BUAE ABYAOJIBHOTO rpada ¢ y3namu, NpeACTaBIAIONIMH
KOMIIOHCHTBI CC€TH, U peraMI/I, MNpCACTABIAOIUMHA  HUX COCAUHCHHSA, MOXHO HCIOJB30BaThb METOJ ITOUCKaA
MaKCHMAaJIbHOM CBSI3H IS BBIIBJICHUS] IOTEHIMANIBHBIX HapylIeHni Oe3onacHocTH. JI1000i HECOTOCTaBICHHbIH y3ei Ha
Fpa(bm(e npeamnojarac€t, YT0 KOMIIOHEHT MOXKET 6I)ITI) CKOMIIPOMETUPOBAH WJIN YA3BUM MJIA aTaKd, 4TO ACJIA€T MCTO/
MOUCKA MAaKCHUMalbHOW CBSI3M S()(EKTUBHBIM HHCTPYMEHTOM /IS ONpPEACNICHUS MPHOPUTETOB W MOBBILICHUS
0€30I1aCHOCTH CETH.

B aT0if cTaThe mpeAcTaBiIeH HOBBIA MeTOA 3(P(EKTUBHOTO HAXOXKICHHS MAaKCHMAIbHOW CBS3M B [BYIOJEHOM
B3BEICHHOM rpade. B mpemanmaraeMoM MeTome UCHONB3YEeTCsl UTEPATHBHBIA MOAXON, OCHOBAHHBIA HA TPaJULIHOHHOM
QJITOPUTME YBEIMYMBAIOLIECIO MyTH, HO BKIJIFOYAIOIIUKA IOIOJHUTENIBHBIE 3BPHUCTHKA M METONBI COKPAIICHMS IS
YMEHBIIICHUS BEIYHCITUTEILHON CI0KHOCTH. DKCIIEPUMEHTAIBHBIC PE3YJIBTaThl IIOKA3BIBAIOT, YTO MPEATIOKEHHBIA METOX
MPEBOCXOUT CYLIECTBYIOIINE AITOPUTMBI KaK [0 TOYHOCTH, TaK M IO CKOPOCTH. D(P(PEKTUBHOCTH U JIEHCTBEHHOCTD
METOZIa [eNAal0T €ro LIEHHBIM MHCTPYMEHTOM JUIS YCHJICHHS 3alIMTHl U O€30IIaCHOCTH B PA3IUYHbBIX NPUIOKEHUSIX,
BKJIFOYAsi BOGHHBIE ONIEPalliy M CETEBYIO O€30I1aCHOCTb.

KiroueBble ciioBa: ceTeBas 0e30MacHOCTh, PEOPO, MBYCTOPOHHHUI Tpad, ct+, mMarTpuia, MOIUTHKA OE30MacHOCTH,
MaKCHMaJbHas CBA3b, CeTh, QT, CHTHAI-CIIOT

Introduction connecting vertices ¥ € Fy, u; €gis. If these

Develop and implement a software tool that,  vertices are not adjacent, then ;1} =i
upon inputting orthogonal bipartite graphs with the
corresponding file description or a graphical inter-
face, will construct their corresponding bipartite
graphs, find the maximum matching of the graph,
and represent them in the software's graphical
environment. The Hungarian (Munkres) algorithm
[1] is used to find the maximum matching in the
bipartite graph.

Let @{}].¥:,8) be the given bipartite graph.
Consider the steps of the algorithm:

1. The bipartite graph corresponding matrix A
is constructed with the following principle: the
number of rows is equal to wr =] ¥5 ], the number of
columns is n= |l

2. If the obtained matrix is not square, i.e.,
m#n, then zero rows (columns) are added to the
matrix to make it square.

3. As the algorithm searches for the maximum
matching, all elements of the matrix are multiplied
by -1, and their sum is added to the largest value of
the initial matrix elements.

4. For each row, the smallest element is found
and subtracted from all the elements of that row.

5. For each column, the smallest element is
found and subtracted from all the elements of that
column.

6. The minimal number of horizontal (row)
i , ) lines is determined to cover all the zeros in the
dj=f ([Fg;%@}}; f=Ll.mf=1L.1n, where fisthe  atix If this number is less than n, the optimal
graph's matching function, and {Fuu;) the edge  coverage has not been found, and the algorithm
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continues with the next step. If this number is equal
to n, the optimal coverage has been found, and it is
determined according to the rows where the zeros
are placed without duplicating the columns.

Figure 1: Bipartite graph

7. We are looking for the smallest uncovered
element from the matrix, which is subtracted from
the uncovered elements, and added to those
elements that are located at the intersection points of
the horizontal and vertical lines composing the
matrix cover. Proceeding to the 6th step of the
algorithm. The time complexity of the algorithm is L
imtml [3]: Let's consider an example of the
algorithm's operation on the following bipartite
graph:

For graph in Fig 1,
V, =f{a.cehlV, ={bdf}:

1. The matrix will have the following form:

fZ2 Do O
(Eﬂ 44 1?)
g 30 0

2.  The matrix is square, so no action will be
performed at this step.
1 5 b
(Eﬂ 40 l?)
& 3¢ 0.
3. After performing the actions of the 3rd step, we
get the following matrix:
(28 3> 40
(Eﬂ 1 31)
40 10 4

4. Subtracting the smallest element from each
row, we get:

F @ 5
0 ¢ 21
3¢ @ 3@

5. Subtracting the smallest element from each
column, we get:

@ o
17 @ 16
27 ¢ 25

6. To cover this matrix, 2 lines are needed, which
is less than 3, so we proceed to the next step of
the algorithm:
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0 0 O
17 0 16
27 0 25

7. The smallest uncovered element is 16, so as a
result of the 7th step, we get the following

matrix:
0 1& 0
( 1L 0 13)
11 0 9

8. Repeating the 6th step of the algorithm, we find
that the zeros are covered in 3 lines, so the
optimal cover is found

D la 0O

( 1 0 13)
11 0 9

According to the lines and columns covering zeros,
the following will be:

0 16 0

( 1 D 13)
11 & 9

In the initial matrix:

2 5 0
20 40 19
o 30 0

As a result, we find that the maximum
matching will be the following:

{(a,b),(c,H),(e,d)}.

Software Implementation

During the execution of the work, a graphical
user interface (GUI) for mapping orthogonal line-
segment [2] domains has been developed, and the
algorithm for finding the maximum matching in a
bipartite graph generated from the input domains
has been implemented. The main components of the
software are:

* Implementation of the algorithm

* Graphical interface for displaying orthogonal
domains and the corresponding partitions

* Graphical component for representing the
partition graph and its maximum matching

During the operation of the software,
orthogonal domains are read from an input file or
entered by the user, which are stored in a specific
data structure and graphically represented.
Afterward, when the user presses the "show graph"
button, the graph corresponding to the domains is
created and its maximum matching is found.

The graphical interface receives the data
structure, which describes the bipartite graph and
the maximum matching, which are displayed in the
graphical environment.

Description of the input file

The file describing the orthogonal directionality
domains can have any extension. Below, let's
examine an example of an input file describing the
domains:



Figure 2: Example of input file

* LayoutMatching - a main window inherited

Mj test.bet - Motepad

File Edit Format View Help

{

{(20,20)(20,50)(40,50)}
{(20,20)(20,50)(40,50) (40,20)}
{(100,25)(100,45)(150,45) (150,25)}
{(120,30)(120,60)(140,60) (14@,30) }
{(240,248) (248,250) (270, 250) (270,248) }
}

{
{(200,200)(200,300) (300,300) (360,2080)}
{(21@8,218)(218,298) (2990,290) (290,218) }
{(210,210)(210,280) (280,280) (280,210) }
{(210,218)(210,220)(220,220)}

)
1
{(28,20)(20,50)(40,50)(40,28)}
1(25,25)(25,45)(35,45)(35,25)}
¥

{
{(10,25)(10,45)(35,45)(35,25)}
1

{(27,30)(27,40)(32,40)(32,30)}
1

1
{(45,25)(45,45)(65,45)(65,25)}
¥

-

Structure of the graphical interface

The graphical interface consists of a main part,
where the orthogonal directionality domains and
their divisions are depicted, and a button that
launches the main algorithm [4]. Figure 3 presents
the appearance of the graphical environment.

The user can load the orthogonal directionality
domains described in the input file using the File-
>QOpen button. When the user presses the "Calculate
Matching" button, a separate window opens,
displaying the graph corresponding to the domains
and the maximum matching in that graph.

Figure 3: Main part of the graphical interface

7 LayoutMatching - o x

The part for displaying the orthogonal
directionality domains consists of the following
sections:

from QmainWindow that represents a template
containing the basic elements of the graphical
interface (QWidget, QPushButton, QStatusBar,
etc.). Using Qt's signal-slot mechanism [5], it
connects the different parts of the interface,
specifically when the "Calculate Matching" button
is pressed to calculate the maximum matching, this
class's function is called, which, with the help of
another part of the program, obtains the graph
constructed from the orthogonal directionality
domains, passes it to the algorithm, and, as a result,
obtaining the maximum matching, opens the
window displaying the graph, transferring the
information about the graph.

* CanvasWidget — A class inherited from
QWidget that is responsible for drawing rectangular
areas and their divisions. The base class QWidget's
paintEvent(), mousePressEvent(),
mouseMoveEvent(), and mouseDoubleClickEvent()
functions are overridden to allow the user to add
new areas during the program's operation. To add a
new area, the user clicks once at the point where the
rectangular area begins, then moves the mouse to
draw the side, depending on the direction -
horizontal or vertical, and then clicks again to start
drawing the next side. To finish, the user double-
clicks at the endpoint of the last side, which closes
the boundary and constructs the area.

Figure 4: The view of the maximum matching of the
graph

B Graph viewer - m] X

The window representing the graph, by
receiving the graph and a certain number of its
edges as input, depicts the graph's vertices in a
circular layout, while the edges belonging to the



input set of edges are highlighted with a different
color. In this window, the user has the ability to
change the appearance of the vertices, their sizes, as
well as change the arrangement of the vertices
relative to each other.

Obtained results of the software tool

By providing the file shown in Fig. 2 as input
data to the software tool, the result of the work is the
graph depicted in Fig. 4, where the edges forming
the maximum matching are shown in a distinct
color.

Conclusions

In this work, we have developed an algorithm
for finding the maximum matching in a bipartite
graph with bent edges, using an orthogonal
directionality language to describe areas. Our
implementation includes a software tool that
graphically displays the input areas and calculates
the maximum matching for the corresponding
bipartite graph. The tool presents the resulting graph
in a graphical environment, with the edges forming
the maximum matching displayed in a different
color. The software implementation materials are
available at the following link: [6].

The algorithm can be used in network security
to identify potential vulnerabilities or breaches. By
modeling a network as a bipartite graph and
searching for the maximum matching, any
unmatched nodes can indicate potential points of
weakness. This makes the maximum matching
search algorithm a valuable tool for prioritizing and
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improving network security.

Overall, our algorithm and software tool offer a
flexible and efficient approach to finding the
maximum matching in bipartite graphs, with
important practical applications in defense and
security. The availability of our software
implementation materials at the given link will
enable others to build on our work and apply the
algorithm in a variety of contexts.
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