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The article is devoted to an attempt to determine clusters using the optimization problem
of a minimum spanning tree. The problem of the clustering problem is to group similar objects
into many clusters in such a way that objects within one cluster are similar to each other,
and objects between different clusters are different. One approach to solving this problem is to
use the minimum spanning tree problem.

The idea of using the minimum spanning tree problem for clustering is to build a tree
connecting all the objects, where the weights of the edges correspond to the distances between
the objects. Then, using some pruning technique, a certain number of edges can be removed
to divide the tree into clusters. To do this, it is necessary to remove the longest edges in order
to divide the tree into individual components corresponding to clusters. This approach can be
especially effective in cases where it is necessary to minimize overlaps: a minimum spanning
tree combines vertices with the smallest distances, that is, the vertices that are most similar to
each other will be located next to each other. This helps reduce the number of matches in clusters
and improve the quality of clustering. A minimum spanning tree can be easily interpreted because
it shows the closest connections between vertices, which allows us to understand which groups
of data tend to cluster together. It can also be useful in cases where we are dealing with large
amounts of data, since minimum spanning tree algorithms have low computational complexity.
Minimum Spanning Tree allows you to ignore noise in the data because it builds a connection
between nearby points and noisy data will usually be far away from other points, and also
allows you to naturally determine the number of clusters. The number of clusters corresponds to
the number of edges in the minimum spanning tree after removing the longest edges. However,
be aware that this approach may not always be the best for all types of data and requires careful
analysis and customization of parameters for each specific case.

Key words: graph, minimum spanning tree, "greedy" algorithm, shortest path, clustering,
data mining.

Mumosa I. O. Bukxopucmanmsa 3adaui npo MiHiMaabHe O0CHOBHE O0epeo 0.3
IHmeneKmyanbHo20 ananizy 0aHux

Cmammsi npucesiuena cnpooi GU3HAYEHHsL KIACMepie 3a O0NOMO20H0 ONMUMI3AYIHOT 3a0a4i
npo MiHimanvhe ocmoene Oepego. I[lpobnema 3adaui knacmepusayii nonseac 6 epynyeanHi
NOOIOHUX 00 '€KMi6 Y MHOMNCUHY KIACMEPI8 MAKUM YUHOM, WoO 00 '€Kmu 6Cepeouri 0OHO20
Kaacmepa OynU cxoxci mige cobor, a 06’ €kmu Mixc pisHuMU Kiacmepamu Oynu GIOMIHHUMU.
O0onum i3 nioxodie 00 po36’s3aHHs Yi€i npobiemMu € SUKOPUCMANHS 3A0a4i Npo MIHIMATbHE
0CcmogHe 0epeso.

10es suxopucmanus 3a0aui npo MiHiMaibHe OCMOGHe 0epeso 05 Kaacmepusayii nongeac
6 momy, wob nobyoysamu Oepeso, sike 3’€OHye 6ci 00’ckmu, 0e 6azu pebep 8i0N08I0AMb
siocmaunsam mioe 06 ’ekmamu. Ilomim, 3a 0onomoeoi 0esaxo2o memoody O00pI3aHHI, MONCHA
BUOANUMU NEBHY KINbKICMb pebep, wob po3diiumu oepeso Ha Kaacmepu. J{is yb02o HeoOXiOHO
sudanumu Haubitbuw 0062l pebpa, wobd po30inumu 0epeeo Ha OKpemi KOMNOHEHMU, SKI
gionosioarome kaacmepam. Lleti nioxio mooce 6ymu 0cobaueo eekmusHum y 6UNaoKax, Kouu
HeOoOXIOHO MIHIMIZyeamu 30ieu: MIHIMAIbHe OCMOBHEe 0epeso 00 €OHYE BePUUNHU 3 HAUMEHUUMU
8IOCMAaMAMU, MOOMO 6ePUIUHUL, SKi HAUOLTbULE CXOHCT 00HA HA 0OHY, 6Y0YMb PO3MAULOEAHT NOPYH.
Lle oonomazae 3menuumu KinbKicmo 36i2i8 y Kiacmepax ma ROMINWUMU AKICMb K1acmepu3ayii.
Minimanene ocmosne Oepeso mooice 6ymu JNe2ko IHmMepnpemosane, OCKilbKU 6OHO NOKA3YE
HauOnuUoCul 36 A3KU MINC 8EPUIUHAMU, Ye 0036015€ 3PO3YMIMU, AKI 2pynu OaHUX CXUAbHI 00
epynyeanns pasom. Bin maxooic modice Oymu KOPUCHUM Y 6UNAOKAX, KOMU MAEMO CHpAGY
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3 GeUKUMU 00CA2AMU OAHUX, OCKITbKU ANeOpUmMu nody008u MiHIMAIbHO20 OCOBHO20 0epesa
Maroms HU3bKY 00UUCTIOBANbHY CKAAOHICIb. MiniManbie ocmoghe 0epeo 00360JA€ ieHOPY8amu
wymM y OaHux, OCKIIbKU GIH OYOYE 3 €OHAHHA MINC HAUOTUNCHUMU MOYKAMU, | ULYMOBI OaHi
3aszsudail 6y0yms 0anexo 8i0 IHUWUX MOYOK, A MAK0IIC 00380JAE NPUPOOHUM YUHOM SUSHAYUMU
Kinbkicmy knacmepis. Kinokicms kaacmepie 8i0nogioae Kintbkocmi pedep y MIHIMATbHOMY
ocmosHomy 0epesi nicis udaneHHs Haubiibu doseux pedbep. OOHaAK, 6apmo 6paxosyeamu, o
yeil nioxio mooice He 3a6xcOU Oymu HAUKpawum Osi 8Cix Munie OAHUX i UMA2AE YBAWCHO2O
auanizy ma HaLawmy8anHs NApamempis 0Jis KOJICHO20 KOHKPEMHO20 GUNAOKY.

Knrouoei cnosa: epag, minimanoHe 0cmogre 0epego, «HcadioHuily anzopumm, Hatukopomuiuil
WLISX, Kacmepusayis, iHmeiekmyaibHull Ananiz OaHuXx.

Introduction. The minimum spanning tree problem is an important problem in
graph theory, combinatorics, and optimization algorithms. A minimum spanning tree of
a graph is a subgraph, which is a tree that includes all the vertices of the graph, but only
some edges, so that the sum of the weights of these edges is minimal [1; 2]. This means
that a minimum spanning tree is the most efficient way to connect all the vertices of a
graph at a lower cost.

The minimum spanning tree problem has a wide range of applications in various
industries such as telecommunications, transportation, electric power and others. Here
are examples of several ways in which this task can be used:

— in transport and logistics networks. Determining the shortest route to transport
goods or services can help reduce transportation costs and save time. The paths included
in the minimum spanning tree can indicate the most efficient routes and optimal
placement of warehouses or service facilities;

— in communication networks. In the telecommunications and information industries,
the minimum spanning tree problem can be used to build a communication network.
This will help reduce infrastructure costs and ensure efficient data flow;

— in optimization of production processes. Manufacturing plants can use the
minimum spanning tree problem to optimize material flows and production logistics.
This allows you to reduce warehousing costs and ensure optimal resource allocation;

— in the financial network. In the banking sector and financial institutions, the
concept of a minimum tree can be used to analyze financial networks and optimize the
path of funds or financial transactions.

Therefore, the minimum spanning tree problem can be an important tool for optimiz-
ing a variety of processes in any field of activity. It allows you to find optimal solutions
taking into account constraints and efficiency requirements.

Formulation of the problem. The task of clustering is to group similar objects into
many clusters in such a way that objects within one cluster are similar to each other,
and objects between different clusters are different [3]. One approach to solving this
problem is to use the minimum spanning tree problem.

The idea of using the minimum spanning tree problem for clustering is to construct
a tree connecting all the objects, where the weights of the edges correspond to the dis-
tances between the objects.

The purpose of the article is to conduct data analysis to identify clusters using the
minimum spanning tree problem.

Research analysis. In data mining, cluster analysis does not use a single algorithm,
it is a general task using different approaches. Popular algorithms for identifying clus-
ters include groups of resulting elements that are based on the distance between them,
the density of areas in the data space, intervals, or specific statistical distributions [3].

Cluster analysis comes from anthropology, where it was started by Driver and Kro-
eber in 1932. It was introduced into psychology by Zubin in 1938 and Robert Tryon
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in 1939. Became famous for using Quettel to classify trait theory in personality psy-
chology starting in 1943.

Presentation of the main material. A tree is a connected set of undirected edges
(arcs) that does not contain cycles. Thus, if a set of m nodes connected by undirected
edges is given, then to construct a tree it is necessary to select a subset consisting of m—1
arcs. In other words, each node is connected to another node in one and only way [1; 2; 4].

Consider a network containing n nodes, the collection of which forms the set S.
A spanning tree is a connected set consisting of (n—1) arcs (edges) and n nodes. A tree can
be formed from any proper subset of the set S, which, however, may not be the spanning
tree of the original network. As before, we will assume that each arc connecting nodes
i and j from the set S is assigned a number ¢ called the distance, or weight, of the arc.
Now let us introduce the concept of a minimum spanning tree. A minimal skeleton is a
network skeleton for which the sum of the weights ¢, of all its arcs is minimal [3].

The minimum spanning problem is one of the problems that can be solved using
a "greedy" algorithm, which is very economical. Using the "absorption" scheme, we
present the following algorithm.

The minimum spanning problem is to select such arcs of a given network such that
their total cost is minimal and for any pair of nodes there is a path (or route) connecting
them. This can be achieved by choosing arcs in such a way that the tree formed by them
will connect all the nodes of a given network, that is, it is necessary to build a skeleton
of minimal cost.

The minimum skeleton problem is solved quite simply. The algorithm begins its
work by selecting an arbitrary network node and the shortest arc from the set of arcs
connecting this node with other nodes. Let’s connect two nodes with the selected arc.
Let’s select the third node closest to these nodes. We add this node and the correspond-
ing arc to the network. We continue this process until all nodes are connected to each
other [3; 4]. An algorithm based on the “absorption” of minimal arcs can be described
as follows.

Algorithm for constructing a minimum spanning tree [5—8]:

Step 1. Using the nodes of the original network, define the following two sets: S — set
of connected nodes; S is the set of unconnected nodes. Initially, all nodes will belong
to the set S.

Step 2. Select an arbitrary node from S and connect it to the nearest neighboring
node. After completing this step, the set .S will contain two nodes.

Step 3. Among all the arcs connecting nodes from the set S with nodes from the set
S, choose the minimal arc. The final node of this arc, belonging to S, is denoted by d.
Remove node & from set S and place it in set S.

Step 4. Perform step 3 until all nodes belong to the set S.

Let’s consider an example of finding a solution to a “greedy” algorithm for the net-
work shown in Fig. 1.

Fig. 1. Example network of the minimum spanning problem
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We summarize the solution to the problem of the minimum skeleton of a network
(Fig. 1) in Table 1.

Table 1
Related problems about the minimum spanning tree
Step Set Building a Minimum Spanning Tree | Cost, ¢,
1 _ S=0 B B
§$=(1,2,3,4,5,6,7)
5 _ S=(6) B B
§=(,2,3,457)
_ §=(6,95) 1
“ 5=(1,2,3,4,7) ©—-0 1
1
S=(6,5,3) © O
bl s-a.247) ) 4
©
§=(6,5,3,4)
c $=(1,2,7) 3
§=1(6,5,3,4,2)
d S (1.7) 7
3
S=(6,5,3,4,2,1)
€ E _ (7) 9
§=(6,5,3,4,2,1,7)
f S-o 14
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The algorithm terminates because S = &. The minimum core value is 14.

Let’s try to use the minimum spanning tree algorithm for the data clustering problem.
A data set suitable for clustering is a set of points belonging to a certain space. A space
is a universal set from which points in a data set are taken. An example of such a space
would be Euclidean space, where the length of the vector is determined by the number
of dimensions of the space, and the components of the vector are the coordinates of the
corresponding points. To simplify the experiment, let’s take a two-dimensional space
with some data set and try to divide this data into clusters using the minimum spanning
tree problem. The data and their location on the plane are shown in Fig. 2 a)-b).
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Fig. 2. Data set for clustering:
a) data; b) data layout on the plane

The algorithm can start from any point located in space. Let’s start from point 1
with coordinates [2; 9], highlighted in red. Clusters should be combined based on the
proximity of the data sets. The join stops when further joins produce undesirable results.

Let’s determine the distances between point 1 and other points on the plane and find
the minimum value, which is 2,83. This is point 3.

After this, point 3 is included in the set S and then the minimum value of the distance
from two points included in the set S is searched. This continues until all points are
included in the set S, and the set S is equal to the empty set & (Fig. 3).

Using the calculated data, we will construct a minimum spanning tree for a given
data set (Fig. 4).

To divide the constructed spanning tree into clusters, we remove a certain number of
edges that are the longest. If you analyze the calculation table (Fig. 3), you can see that
the distance between the points of the tree parts highlighted in red and blue is minimal.
Moreover, the distance between any points of the red and blue parts is much greater than
the distance inside these parts (cells highlighted in gray in Fig. 3). Therefore, we can
conclude that, in our case, we need to remove the edge between points 6 and 8. That is,
there are two clusters of points consisting of points with the smallest distances between
them. These are points 1-7, highlighted in red, and points 8—14, highlighted in blue.

Conclusions. The minimum spanning tree problem can be used for data mining in
the field of data clustering, where there is a need to group similar objects together. It is
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Fig. 3. Calculation of the algorithm for constructing a minimum spanning tree
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Fig. 4. Minimum spanning tree

also possible to use a minimum spanning tree to identify the most significant relation-
ships between objects. This will help in discovering groups of objects that have similar
characteristics or relationships.
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