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CLUSTERING ALGORITHM BASED ON OBJECT SIMILARITY

The article examines the issue of drug clustering. Initially, k classes are arbitrarily formed and the
resulting training sample is pre-processed, then the similarities between the objects of each class
are evaluated based on the proximity function and the criterion for evaluating the contribution of
objects to the formation of their own class. Usually, it is in percentage and is the degree of mutual
similarity of objects of each class. In the next steps of the algorithm, first, one object is taken
from the first class, and by adding it to all k classes, the contribution of this object to this class
is measured. The object will be left in the class which has the most contribution. This process
is repeated several times in a row for all objects of the class. The process is stopped when the
location of objects does not change and the degree of similarity exceeds the required percentage.
As a result, the required clusters are formed.

Key words: Clustering, proximity function, degree of similarity of objects, contribution of object
to the class.
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O0ObeKTiH YKCAKTBIFbIHA HEri3reH KJacTepJliK aJirOpUuTM

MaxkaJta ia I9pUTiK 3aTTapabl KJIacTepJiey Moceseci KapacThIpbLia ibl. bacTanmkbiia k Kimacer epikTi
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AsroputM KJacTepus3aliuyu OCHOBAHHBIN HA CXOACTBE OOHEKTOB

B crarbe paccmarpuBaercss mpobiieMa KJIACTEPU3AIMK JIEKAPCTBEHHBIX CPeJICTB. [lepBoHAYAILHO
MIPOU3BOJILHO (POPMHUPYIOTCS K KJIACCOB U IpeaBapuUTEIbHO 00pabaThbIBAeTCs MOJIyUeHHass 00yda-
IOIasi BBIOOPKA, 3aTeM OIEHUBAETCSI CXOJCTBO MKy OOBbeKTaMH KasKJIOTO KJiacca Ha OCHOBe
dyHKIMU 6JIU30CTH U KPUTEPHs OIEHKM BKJIaJa 00bEKTOB B (DOpMUPOBaHHE COOCTBEHHOIO KJIac-
ca. OOBIYHO OH BBIPAYKAETCS B IPOIEHTAX U IIPEICTABJISAET COOOU CTEEHb B3aMMHOTO CXOJICTBA
00bEeKTOB KazkI0r0 Kiacca. Ha ciemyromux marax ajropuTMa cHadasa u3 MePBOro Kiacca beper-
CsI OUH OOBEKT W TMyTeM J0OaBIEHHUS €ro KO BceM K KjaccaM U3MepSeTCsT BKJIAT 9TOT0 O0OHEKTa B
s1oT KJ1acc. OOBEKT OCTAHETCs B KJIacce, BHECIIEM HAUOOJIBINNN BKJIA/. DTOT IIPOIECC TOBTOPSIETCS
HECKOJIBKO Pa3 MOAPsiJT I BceX 00beKTOB Kjacca. IIporece octaHaB/ImBaeTcs, KOra pacio/iozKe-
HUe OOBEKTOB HE MEHSIeTCs U CTEIeHb CXOJICTBA IIPEBBINIaeT HeOOXOIUMBbIH IPOIEHT. B pesysibrare
bopMUpYIOTCS HYKHBIE KJIACTEPHI.

KimroueBbie csoBa: 3ajada kiaacrepusanyu, GyHKIUsT OJU30CTH, CTENEHb CXOJCTBA OOBEKTOB,
BKJI&J[ 0ObEKTa B KJIACC.

1 Introduction

Clustering algorithms based on the similarity of objects are used to find commonalities among
data and divide them into clusters. These algorithms operate on similarity or distance criteria
within the data. The basic philosophy of these algorithms is that objects within each cluster
are similar, but objects between different clusters are different.

The authors in [1,9] discuss various clustering algorithms, including methods based on
the similarity of objects. There are also classic textbooks [2,6,8] that cover the basics
and methods of clustering based on similarity and distance. Review materials [3,7] contain
numerous clustering methods, emphasizing different approaches, including object similarity.
The articles [4,10] explore the reasons for the existence of multiple clustering algorithms
and their application depending on the task. The work [5] focuses on clustering algorithms
that minimize the maximum distance between clusters, which can be related to the concept
of similarity. Spectral clustering [10] uses similarity between objects to form clusters. The
proposed sources cover the theoretical foundations and modern approaches to clustering based
on the similarity of objects.

The most popular clustering algorithm is the K-means algorithm, which is used to divide
into k number of clusters. This algorithm works in the following steps: Choosing a random
number of centers (centroids); Sorting each object to the nearest center; Calculation of new
centers for each cluster; Steps 2 and 3 are repeated until the centers remain unchanged
[11,12]. The next clustering method is Hierarchical Clustering. It is a method of classifying
data sets in a hierarchical tree-like structure. This method is implemented by merging
data sets from small to large or from large to small [13|. There are two main methods of
hierarchical clustering: Agglomerative method: In this method, each data point starts as a
separate cluster and then the two closest clusters are combined. This process continues until
all data are combined into one large cluster. Divisive method: In this method, all the data
starts as one big cluster and then the clusters are divided into parts. This process continues
until each data becomes a separate cluster. Also, the DBSCAN (Density-Based Spatial
Clustering of Applications with Noise) method is a density-based clustering method for data
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sets. This method is density-based, that is, it identifies clusters by considering the density
of points in the dataset. The basic idea of the DBSCAN method is that clusters are treated
as densely populated regions of points, and low-density points are separated as "noise"or
outliers. [14].

The main steps of the DBSCAN method are as follows:

1. If the number of points within a given radius (epsilon, ) around a data point exceeds
a given minimum density (minPts), this point is called a kernel point.

2. If a point P is a core point and it is connected to all points within a radius e, then they
all belong to the same cluster.

3. The points within radius e of the core points, but which are not themselves core points,
are called boundary points.

4. All points that are neither core nor boundary points are classified as sum or exception
points.

Disadvantages of clustering methods

Disadvantages of clustering methods depend on various factors, and each method has its
own limitations and problems.

1. K-means Clustering. In the K-means method, the number of clusters (k) should be
predetermined. An improperly chosen number of k can lead to incorrect clustering results.

Sums and outliers can push the centroids too far, distorting the results.

K-means method can only detect spherical clusters, it has difficulty in detecting clusters
of other shapes.

2. Hierarchical Clustering. For large datasets, the computational complexity of
hierarchical clustering can be enormous, making it difficult to implement.

The inclusion and exclusion of data greatly affects the result of hierarchical clustering.

In hierarchical clustering, the exact number of clusters cannot be defined in advance.

3. DBSCAN (Density-Based Spatial Clustering of Applications with Noise).
Choosing the appropriate epsilon (¢) and minPts parameters can be complicated. Incorrectly
selected parameters will worsen the results.

DBSCAN does not perform well when the data set has different densities.

For large-sized data, the computational complexity of the DBSCAN method is high.

Understanding these shortcomings will help you choose the right clustering method and
analyze the results correctly. By knowing the disadvantages of each method, it becomes
possible to choose the most suitable method for the data set and the purpose.

The main importance of clustering methods is that they help to identify and understand
the internal structure of data [15,16]. Through these methods, it is possible to identify
common features within data sets from different fields and make effective decisions based
on them [17,18]. With the help of groups, segments and clusters identified through clustering
methods, organizations can clearly and effectively focus their strategies.
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2 Statement of the clustering problem

Let’s suppose that in an N -dimensional character space z; € X, i = 1, M, objects are given.
That is, z; = (x}, 22, ..., 2}),i= 1, M, objects are given in N - dimensional symbol space.

Also, in N - dimensional symbol space A= ()\1, AN ), boolean vectors are introduced,
its components take 0 or 1 value. Using components of Vector A= ()\1, A2 AN ) indicates
which character is participating in the calculation or not.

If M= 1, j-component participates in calculations, otherwise M= 0, j- component doesn’t
participates in calculations.

Description. In N-  dimensional  symbol space A= (AL, A% AN)
Vector ¢ is called informative, if its values taken from the set Af =

{Azzj.vzlw‘ze, N e {01}, j:l,N}.

Matter. In the given N - dimensional character space z; € X, i = 1,M it
is required to form training samples using the general selection. Here formation of
Tply Tp2s - - - Tpm, €Xp, p=1,7  classes is required. Here class my, xp,..., x, ~composed

of objects X=J,_; X,
To solve this clustering problem, the object proximity function is introduced. If the signs
of the objects are nominal, then the quantity indicating their similarity is determined by

pj(fpi’ Tpg)

1, if (22, — 22.) = 0;

p;jn‘ (Tpis Tpg) = (1)

0, otherwise

If the objects are represented by numerical symbols, then their similarity is determined
by the measuring quantity p(x,;, ,,):

L if o), —a] | <€

Pri (Tpis Tpg) = (2)
0, otherwise
where  p = Lr; # 4q = 17mp;j = L, N; Ppi (xp’hqu) =
1
(ppi (Tpis Tpq) » p12oi (Tpis Tpg) s - - 7p£z( (Tpis Tpq))-

The &7 -threshold value corresponding to the j-character in the (2) is calculated as follows
for the characters of each class of objects j-:

Y

M-1
) 1 ) .
gl=— E ), —a?,
M—1 pi~ Vpit+l
=1

where j=1,N;p=1,r;i=1,M—1;.

3 The problem of determining the degree of similarity of class objects

Let’s suppose that , s (z,, X)) =—— 70 (pps (Tpss Tpr) s A) size a,; the average degree
P

of similarity of the object X, with the rest of the objects of the class calculated with respect
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to the A —vector. Likewise, 3¢ (1, X;) = Zk 1 (Ppi (Tpis Tgr) , A) size x,;, calculation of the
average degree of similarity of the object with all ob jects of the X, class against the A —vector.
The degree of similarity of the object is defined in percentage by v (2, X,) and v (x,:, X,)
and they are calculated as follows. In this case, the benefit of the object T to each class is
calculated as follows.
s (Tpiy Xp) ¥100%

v (Tpi, Xp) = N (3)

Equation (3) above the calculation of the value of the object by all z,; objects of the p-
class in percentage. Here p=1,r; i=1,m,;.

m 1
1 & Zl 1o (Tpiy Xp) ¥100%
v (Xp> = Hp 121 v (Ipiv Xp) N (4)

Equation (3) finds the average similarity percentage of one object, and formula (4) finds
the total average similarity percentage of the objects in s inf, that is, all the objects of the
class evaluate each other. Here p=1,r; i=1,m,,;.

mp—1

mp—1
B 1 _1 ST e (wy, Xp) %100%
v(X,0T) = m, — 1 Z v (Tpi, Xp)= N (5)

i=1

Equation (5) shows calculation of the total average similarity percentage of the objects in
the class after the object T of the class X, is removed from the class, that is, the object does
not participate in the evaluation of the remaining objects of the class. As a result, we find
the share of the object T added to the class X, by v (X,) — v (X, ©T). Also we determine
the position of the object T in the organization of its class. Here the operation X, ©Z means
that the object 7 is extracted from the p -class and p=1,r; i=1,m,—1;

s (2g, X)) *100%
(g ) =20 X ©)

Equation (6) given above is the calculation of the percentage of the object z, by all
objects of the g-class. Here ¢g=1,r; i=1,m,; p # ¢;

m 1
1 e LN e (2, Xg) %100%
v (Xy) = == > v g, Xp)= T (7)

m
7 =1

(7) is used to find the total average similarity percentage of objects in g-class, that is, all
the objects of the class evaluate each other. Here ¢=1,r; i=1,m,; p # ¢;

B 1 a mq+1 Yo e (xg, Xy) ¥*100%
v(X,@T) = my + 1 Z v (wqi’Xq) N (8)

i=1

Equation (8) shows the calculation of the total average similarity percentage of the objects
in the next class after the object 7 is added to the class X,. As aresult we find by v (X, ® ) —
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v (X,) the share of the object T that X, adds to the class. Through this, the share of the
object T added to all classes is found, and the object is transferred to the class with the largest
share. Where the operation X, @7 object is added to the g-class. Where ¢g=1,r; i=1,m,; p # q;

The class to which the evaluated object is transferred in the first step for = is made as
a result of solving the following maximization issue (9).

max (v (X,) v (X,)} (9)
If

maxyiq {v (Xp) v (Xg)} =v(X,)

is left in the ¥ €X, class, otherwise, ie, if

max {v (X,) v (Xg)} =v (X,)

pilq

will be transferred to T €X, class. If their values are equal, then the object is left in
its class. Where p # ¢ = 1,r; ¢ = 1,m,. So, on the basis of the proposed algorithm,
first, v (X,) and v (X,) values are calculated for arbitrary p,i,g then the maximization
problem is solved and the T object is transferred to a certain class. Of course, the values
of the quantities v (X,) and v (X,) are remembered.

In the second stage T — object is evaluated and executed by solving the following
maximization problem.

max,;q {v (X,) —v (X, 07),v (X, 67T) — v (X,y)}

If
maxyq {v (Xp) —v (X, ©07),v (X, 07T) — v (Xy)} = v (Xp) —v (X, ©0T) > 0,
it remains at T €X, and we take it as T = z,,;41 and the second phase starts again.

Otherwise if max,;,{v(X,) —v(X,07),v(X,®7) —v(X,)} = v(X,) —v(X,07) <0,
then the class objects remain in place and the second phase starts again.

If it is

maxp,iq {V (Xp) —v (X, 07) v (X, 07) —v(Xy)} = v(X,®7) —v(Xy) >0

will be transferred to = €X, and will be taken as aZ = xp,41 and the second phase
starts again. Otherwise if will be
max,; ., {v(X,) —v(X,07),v(X,®7) —v(X,)} =v(X,&7T) —r(X,) <0, then the class
objects remain in place and the second phase starts again.

The proposed procedure is performed several times for all p,7,q. The procedure also
terminates when the resulting class objects stop changing. So, the problem of clustering is
solved.

4 Algorithm of clustering based on similarity of objects and analysis of practical
results

This research examines clustering by tabulating 1,116 different types of blood pressure
medications. One nominal character and nine quantitative characters are studied. They are
partially given in the table below.

Table 1
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Information about drugs that affect blood pressure (antihypertensive)
Technological

NQ_ bo . 3

= o o 5 = indicators

g = %D SN % = z of prepared

< S| E = E_ |3 compositions

= °el 2 | & 2 18%s [ | =z =

8 ~ = S . =

: gEE (S s |BE|E |Egpgex |2

= = A °© ~ 2 SN2 L5 |8

= SN g 3 = Al € s | &

< 52| = 3 ke 2 g | qéﬂ: <% %

= A~ R~ M A ag n a4 RS f; S

2 <| = -
1 1 0,10 | 96 yellow 10 64 3,50 | 4,51 | 20,72| 90 7,41
2 T 0,10 | 85 white 20 78 4,20 | 7,85 | 14,36| 75 8,56
3 x3 0,50 | 88 pale 25 20 4 3,87 | 25,48] 95 5,69
yellow

4 Xy 0,03 | 89 white 50 72 0,20 | 16,87| 15,64| 75 7,96
5 x5 0,20 | 91 white 15 60 3,20 | 19,20] 25,63 85 5,98
6 T 0,50 | 93 white 25 57 3,90 | 4,89 | 48,65/ 89 6,85
1113 | z1113 0,5 | 76 white 25 86 4,01 | 7,41 | 13,25) 78 9,65
1114 | 21114 0,25 | 74 | gray 14 |93 |45 |341 | 10,26 60 12,48
1115 | 21115 05 | 72 white 28 94 3,6 | 4,85 | 12,48 85 9,85

The following algorithm is proposed to solve the clustering problem. The algorithm

consists of the following steps:

Step 1. Drug data is preprocessed into x;
case, missing data are filled in, anomalous dat
quantitative symbols &/=-1= S

Will be rationing. Where j=1,N;p=1,r;i=1,M—1,

1),
|37pz‘_f’7pz'+1

(x

X

2

PRI

o 2N) e X, i=1,M. In this
a are replaced by mean values, and based on

Step 2. Subjects of training sample are included in the database. The initial database is
formed on the intersection of all X,,, p =1, class objects;

Step 3. The magnitude indicating the similarity of objects in the space of nominal symbols
and the magnitude indicating the similarity of objects in the space of numerical symbols used
in determining the contribution of objects of the class X, to the formation of their class are

calculated using (1) and (2);

Step 4. In the selection symbols, the i—object of the optional p—class is the remaining
place in the set of m,—1 objects of this class p— all parameters of the vector p,; (Tpi Tpqg)
Lryi # g = 1,myj = 1,N; That is pp (2p:,p)

are calculated for all p =
1
<10pi (Tpi, Tpq) 7p]2n' (Tpi,Tpg))s - - -

For nominal characters

1, if (a);, — ad,) = 0;

j _
Ppi (pis Tpg) =
0,
and numeric characters

otherwise

Py (ps, pq) vector symbols p = 1,73 i # q = 1,my; j = 1, N;
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. 1, if |:13]]m — x§q| < gl
p;)z' (Tpis Tpg) =
0, otherwise
calculated based on the above equations;
Step 5. The position of the 7 - object in the optional p -class in the rest of the set of
my,—1 objects of this class is estimated as follows:

m 1 mp
1 O — > ik 7 (@i, Xp) ¥100%
v (Xp) = oo D v (i, Xp) = -

Step 6. In selection symbols, an arbitrary p-class is the benefit that the i-object brings
to this class. In this case, the degree of similarity of the objects in the class after the new
object is added to the class

mq+1 1 mg+1
T 1 : mg+1 =1 x (xqia Xq) *100%
V<Xq@x):m T E v (24, X,)= -
7 i=1

the value before a new object arrives is subtracted,

m, 1 mq
1 Ja e Yo e (xgi, X,)*100%
v(Xy) = E;V(ﬂcqi’Xq)_ N

v (X, ®7)—v(X,) in this way, an object is transferred to the class with the largest value
of the benefits of all classes relative to the new object. If the benefits are equal, they are left
in their own class. If the upper values are equal in two classes other than the p-class, then
this object is moved to the smaller g.

Based on the proposed theoretical research and algorithm, we solve the problems described
above. The experimental results of the clustering algorithm based on the similarity of objects
are shown in Table 2. The path elements of the table represent the results of each class at
each step after the procedure is executed. The information in column 1 in the table below
represents the designation of classes. In this case, the initial training sample is divided into
classes X1, Xo, X3, ..., Xq0. In the initial selection column, the degree of mutual similarity of
the objects of the classes and the number of objects at the time of creation of these classes
are given. Classification of 1116 drugs was performed in sequence.

The data in the training column 1 is the result of clustering the objects of classes
X1, Xo, X3,..., X0 based on the above algorithm, and we can see that in step 1 itself, the
degree of similarity of the objects of the initial classes is increased. The data in training
column 1 is used as the initial data for the algorithm in the formation of the data in training
column 2. That is, it is performed by rechecking the objects of classes X, X5, X3,..., Xy
whose content is newly created. In this, the degree of mutual similarity of objects in some
classes and the increase in the number of objects were achieved.

The data in training column 2 is used as the initial data for the algorithm in the formation
of the data in training column 3. That is, it is performed by rechecking the objects of
classes X1, X5, X3,..., X1p whose content is newly created. In this case, the degree of mutual
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Table 2: Clustering results based on object similarity clustering algorithm and degree of similarity of clas
Initial 1- 2- 3- 4- 5- 6- 7- 8- 9- 10-
selection | teaching | teaching | teaching | teaching | teaching | teaching | teaching | teaching | teaching | teaching

Ne

%

T, r [Tz |B.e [TLle 3. |B.lz (3. |BL4z [Bale 3.8 |B.]7

5 |2%E |2%|E |2%|E |E2%|E |ZE|E |BE|lE |BE|E |BE|E |BE|E |B:|E |&2% ¢

E |E5|E |55|F |E5|E |E3|E |E5|E |E5|E |E5s|E |E=|E |E%|E |84 |E5:

g |Z2°%a |Z2°a |Z2°%a |2°a |[Z2°%a& |Z2°%a |Z2°a |2°%a |Z2°a |Z2°8s |Z°|E

X, 51.2 | 271 | 63.8 | 56 63.9 | 188 | 61.9 | 276 | 62.2 | 254 | 63.0 | 242 | 62.8 | 222 | 62.2 | 210 | 62.5 | 198 | 62.4 | 204 | 62.2 | 199 | 65
X, 50.8 | 187 | 59.2 | 73 60.1 | 128 | 61.2 | 140 | 61.6 | 160 | 62.5 | 201 | 63.5 | 213 | 62.6 | 255 | 63.1 | 282 | 62.4 | 300 | 62.0 | 282 | 62
X3 49.7 1 163 | 60.5 | 20 59.7 | 32 60.4 | 22 67.7 | 13 66.4 | 20 65.5 | 22 67.2 | 20 69.0 | 19 67.9 | 20 65.2 | 28 4
X, 53.3 | 107 | 57.3 | 180 | 57.5 | 112 | 59.6 | 51 60.9 | 47 58.9 | 71 60.0 | 54 61.3 | 60 59.3 | 71 59.3 | 69 60.9 | 64 9
X 51.1 | 72 58.1 1230 | 60.5 | 125 | 61.9 | 98 60.0 | 116 | 60.2 | 114 | 60.3 | 107 | 60.0 | 117 | 59.2 | 109 | 62.0 | 101 | 62.3 | 108 | 15
X 54.8 | 62 66.3 | 39 62.5 | 105 | 62.8 | 129 | 62.5 | 123 | 62.2 | 113 | 62.6 | 90 61.4 | 74 64.4 | 53 64.4 | 54 64.8 | 56 8
X, 65.2 | 7 57.5 | 62 60.8 | 62 60.9 | 72 60.4 | 68 64.3 | 53 60.6 | 107 | 61.0 | 86 61.5 | 104 | 61.2 | 109 | 62.0 | 137 | 2
Xs 53.4 | 49 56.3 | 261 | 56.9 | 279 | 57.1 | 253 | 56.9 | 213 | 59.4 | 158 | 58.3 | 176 | 58.3 | 169 | 57.8 | 147 | 58.7 | 120 | 59.6 | 107 | 11
Xo 51.3 | 142 | 52.6 | 87 56.2 | 46 58.3 | 44 59.2 | 73 58.2 | 94 59.2 | 84 58.3 | 83 59.3 | 88 58.7 | 86 58.8 | 85 45
Xy | 52.9 | 56 58.9 | 108 | 62.5 | 39 66.8 | 31 64.1 | 49 62.6 | 50 63.8 | 41 64.3 | 42 64.0 | 45 63.3 | 53 61.8 | 50 2

similarity of objects in some classes is more than 60% and the increase in the number of
objects has been achieved.

The data presented in the last column of the table represent the remaining part of objects
of classes X1, X5, X3,..., Xj¢ in their class. In this case, the original positions of the objects
of the classes are preserved, and after the algorithm is completed, it is checked that each
object is in the original class. All other columns in the table are also filled in by the result of
clustering by the algorithm proposed above.

The data in Table 2 means that initially the degree of similarity of classes was 53.37
percent on average, and after the algorithm was executed once, the degree of similarity of
classes was on average 59.05 percent. At the end of the calculations, the degree of similarity
of the classes was 61.96 percent on average (Fig. 1).

The average change in the degree of self-similarity of the
objects of the class at each step
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Figure 1: Average change in degrees of similarity between class objects

Based on the data in Table 2, the graph of the change in the degree of similarity of objects
of the initial classes in the training sample is presented in Fig.2.
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The change in the degree of similarity of the objects in the
class at each step

74

69

64

59

54

49
1 2 3 4 5 6 7 8 9 10 11

=] =] =3 X4 =gy 5 === =fumY] ofumyy e=fum¥) e=@u=3]1(

Figure 2: Change of similarity levels of class objects
Based on the results of the clustering algorithm, a graph of the degree of mutual similarity
of the objects of the initial classes in the training sample is presented Fig. 3.

Change the number of objects in the class at each step
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Figure 3: Change in the number of class objects

5 Conclusion

In conclusion, the article proposes a new approach and algorithm for solving the problem
of clustering through the space of characters characterizing objects of the training sample
class. The primary researched data in the article are different types of drugs that affect blood



118 Clustering algorithm based ...

pressure taken from real life, and as a result of this research, it was required to solve the
problem of clustering by evaluating the similarities between the objects of each class based
on the criterion of evaluating the contribution of the objects to the formation of their own
class.

Classification, clustering, pattern recognition, problem solving offered by clustering in
preprocessing for cases where data symbols are represented by nominal and numerical symbols
in intellectual data analysis is a very important research.

We believe that the scientific research proposed in this direction, the method, algorithm
and software proposed to solve the problems will not leave the reader indifferent, and we are
sure that these studies will find their place in making our lives prosperous and our problems
easier.
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