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ALGORITHM FOR CLUSTERING DIFFERENT TYPES OF DRUGS
AFFECTING BLOOD PRESSURE

This article presents the development of an algorithm and software for grouping different types
of drugs that affect blood pressure in humans. The results are experimentally tested on a cross-
section of more than 1,100 drugs that affect human blood pressure. Using the proposed algorithm,
the training sample is formed and the problem of clustering is solved. The training set consists
of ten classes. Selection symbols are given in different types, they consist of nominal and value
symbols. In the article, each object is examined, and the importance of the object in the sample
is assessed using a criterion. This criterion contributes to the formation of the studied class of
the object. The developed algorithm works taking into account both types of features. If the
similarity of the object under study with any class is high, this object is transferred to this class.
This process is performed sequentially several times for all objects of the class. The process stops
when the position of objects remains unchanged and the degree of similarity exceeds the required
percentage. The accuracy of data set classification by object classes was experimentally verified
using an algorithm and software package based on neural networks.
Key words: Drugs, pattern recognition, symbols, clustering issue, algorithm and software.
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Қан қысымына әсер ететiн дәрiлердiң түрлi түрлерiн кластерлеу алгоритмi

Мақалада адамдардың қан қысымына әсер ететiн дәрiлердiң әртүрлi түрлерiн топтастыруға
арналған алгоритм мен бағдарламалық пакеттi жасау зерттеледi. Нәтижелер адамның қан
қысымына әсер ететiн 1100-ден астам дәрi-дәрмектiң көлденең қимасында эксперименталды
түрде тексерiлдi. Ұсынылған алгоритмдi пайдалана отырып, кластерлеу мәселесi шешiлiп,
оқыту үлгiсi қалыптастырылды. Бiлiм беру iрiктеу он сыныптан тұрады. Таңдау белгiлерi
әртүрлi түрде берiледi, олар номиналды және мәндiк белгiлерден тұрады. Мақалада әрбiр
объект зерттелiп, iрiктемедегi объектiнiң маңыздылығы критерий арқылы бағаланады. Бұл
критерий объектiнiң зерттелетiн класын қалыптастыруға ықпал етедi. Әзiрленген алгоритм
белгiлердiң екi түрiн де ескере отырып жұмыс iстейдi. Егер зерттелетiн объектiнiң қандай
да бiр класқа ұқсастығы жоғары болса, онда бұл объект осы класқа көшiрiледi. Бұл процесс
кластың барлық объектiлерi үшiн кезекпен бiрнеше рет орындалады. Нысандардың орнала-
суы өзгермей, ұқсастық дәрежесi қажеттi пайыздан асқан кезде үдерiс тоқтатылады. Оқыту
объектiлерiнiң дұрыс жiктелуi нейрондық желiге негiзделген алгоритм және бағдарламалық
пакеттi қолдану арқылы эксперименталды түрде тексерiледi.
Түйiн сөздер: дәрiлер, үлгiнi тану, белгiлер, кластерлеу мәселесi, алгоритм және бағдарла-
малық қамтамасыз ету.
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Алгоритм кластеризации различных видов препаратов, влияющих на артериальное

давление

В статье исследуется разработка алгоритма и программного комплекса для группировки
лекарственных средств, выраженных в различных типах, влияющих на кровяное давление
человека. Результаты были апробированы на более чем 1100 препаратах, влияющих на кровя-
ное давление человека. С помощью предложенного алгоритма решена задача кластеризации
и сформирована наборы данных. Наборы данных состоит из десяти классов. Признаки вы-
борки были представлены различными типами, состоящими из номинальных и стоимостных
признаков. В статье исследуется каждый объект, и важность объекта в выборке оценивает-
ся с помощью критерия. Этот критерий способствует формированию исследуемого класса
объекта. Разработанный алгоритм работает с учетом обоих типов признаков. Если сходство
исследуемого объекта с каким-либо классом высокое, этот объект переводится в этот класс.
Этот процесс выполняется последовательно несколько раз для всех объектов класса. Процесс
останавливается, когда положение объектов остается неизменным и степень сходства пре-
вышает требуемый процент. Правильность определения классами объектов наборы данных
была экспериментально проверена с использованием алгоритма и программного комплекса,
основанного на нейронных сетях.
Ключевые слова: Лекарственные препараты, распознавание образов, символы, проблема
кластеризации, алгоритм и программное обеспечение.

1 Introduction

Clustering different types of antihypertensive drugs involves classifying them based on
similarities in their mechanisms of action, chemical structures, or therapeutic effects. This
task is critical for medical professionals to optimize treatment plans, improve patient
understanding, and facilitate research. The necessary technologies and their analysis in the
construction of algorithms and software for clustering drugs affecting blood pressure can be
found in [1-6]. Research works [12-19] serve as the main sources of data clustering methods,
algorithms and software used in medicine.

Medicines are divided into groups based on how they affect blood pressure.
Angiotensin-converting enzyme inhibitors (Inhibitory angiotensin converting

enzyme (IACE)). Angiotensin-converting enzyme inhibitors (IACE) are a class of drugs used
primarily to treat high blood pressure (hypertension), treat heart failure, prevent stroke, and
protect the kidneys in people with diabetes [7].

Angiotensin-II receptor blockers (BRA). Angiotensin-II receptor blockers (ARB)
are a class of drugs used to treat high blood pressure (hypertension), heart failure, diabetic
nephropathy, and certain other conditions. They work by blocking the effects of angiotensin-
II, a hormone that causes blood vessels to constrict and increase blood pressure. By blocking
these receptors, ARB help relax blood vessels, thereby lowering blood pressure and reducing
the workload on the heart.

Beta-blockers (BB). (β-adrenoblocker, BB). Beta-blockers (BB) are a class of
drugs used primarily to treat arrhythmias, prevent recurrent myocardial infarction, treat
hypertension, heart failure, certain types of tremors, migraines, and glaucoma. These drugs
can be used to treat high blood pressure, certain types of heart arrhythmias, and migraines.
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Calcium channel blockers (CCB). Calcium channel blockers (CCBs) are a class of
drugs used to treat a variety of cardiovascular conditions, including hypertension (high blood
pressure), angina (chest pain due to reduced blood flow to the heart muscle), and some forms
of arrhythmia [9].

Diuretics: Diuretics are drugs that help to remove more fluids from the body. They work
by affecting the work of the kidneys, resulting in increased urine production and excretion.
Diuretics are used to treat various diseases, including heart failure, high blood pressure,
swelling (edema), and others. Diuretics help control the amount of fluid in the body and can
reduce swelling and pressure in the blood vessels [8-9].

Peripheral vasodilators. Peripheral vasodilators are a group of drugs that widen
peripheral blood vessels, reduce the resistance of the vessel walls, and thereby lower blood
pressure.

Peripheral vasodilators are used in combination with other medications to better control
blood pressure and overall cardiovascular health. They can cause side effects such as dizziness,
swelling, facial flushing, headache, and reflex tachycardia, so their use should be under strict
medical supervision.

Selective sinus node If-channel inhibitors. Selective sinus node If-channel inhibitors
are a group of drugs often used to control sinus rhythm. If channels, also called "phase
inhibitors play an important role in the control of electrical impulses in cardiac myocytes.
These channels are more common in myocytes in the sinus node, and by inhibiting them,
sinus rhythm can be slowed, which reduces cardiac output and may be useful in controlling
arrhythmias.

If-channel inhibitors can be used to ease the heart’s workload in certain heart conditions,
including high blood pressure, heart failure, and atrial fibrillation. One of the famous
representatives of these drugs is ivabradine. Ivabradine targets only the If channels, which
makes it safe and effective for heart rhythm control because it does not affect other cardiac
channels and therefore has few side effects.

If-channel inhibitors work primarily by slowing sinus rhythm and reducing the pressure
the heart exerts on the circulatory system. One of the advantages of these drugs is their ability
to lower the heart rate, which is especially useful for patients with respiratory problems.

Medicines that improve myocardial metabolism. Medicines used to improve the
metabolism of the myocardium are often used to improve the blood circulation of the
heart and increase the performance of the heart muscle. Such drugs are mainly prescribed
for cardiovascular diseases, such as ischemic heart disease, angina pectoris and myocardial
infarction.

Antiplatelet agents. Antiplatelet agents are a group of drugs used to prevent or reduce
the clumping of blood platelets. They are mainly used in the prevention and treatment
of thrombosis, myocardial infarction, stroke and other vascular diseases. Antiplatelet drugs
inhibit the activity of blood platelets and prevent excessive blood clotting and the formation
of blood clots [10-11].

2 Clustering of given objects using symbols of different types

Let’s assume that in the space of N -dimensional nominal and value symbols, given drugs of
various types xi ∈ X, i = 1,M, i.e., objects. So, xi = (x1i , x

2
i , . . . , x

N
i ), i = 1,M, drug is
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given in the space of N -dimensional nominal and value characters. And all of them are X
collection objects. We call it the common sample objects, and the set to which they belong
is denoted by X.

Task. It is required to form educational selections on the basis of the given
general selection. That is, it is required to form classes expressed in the following form
xp1, xp2, . . . , xpmp

∈Xp, p=1,r. Where xpi is read as the i- object of class Xp in the N-
dimensional nominal and valued symbol space, and it is written in the following form in
the N-dimensional nominal and valued symbol space xpi=

(
x1pi, x

2
pi, . . .x

N
pi

)
, i=1,mp viewed

in the space of N-dimensional nominal and value symbols, X=
⋃r

p=1Xp consisting of mp

objects xp1, . . . , xpmp
) in class Xp . In [7-14], this issue is referred to as the object clustering

issue.
Let’s introduce the following dimensions and designations
Let the quantity indicating the similarity of objects in the space of nominal symbols be

determined by ρj(xpi,xpq) and calculated by (1), i.e.

ρjpi (xpi, xpq) =

 1, if
(
xjpi − xjpq

)
= 0;

0, otherwise
(1)

Let the quantity indicating the similarity of objects in the space of numerical symbols be
determined by ρj(xpi,xpq) and calculated by (2), i.e.

ρjpi (xpi, xpq) =

 1, if |xjpi − xjpq| ≤ εj

0, otherwise
(2)

where p = 1, r; i 6= q = 1,mp; j = 1, N ; The expressed quantities (1) and (2) are
the parameters of the vector, which is expressed in the following form ρpi (xpi,xpq) =
(ρ1pi (xpi,xpq) , ρ

2
pi (xpi,xpq) , . . . , ρ

N
pi (xpi,xpq)). So, if the considered j -symbol is nominal, the

j -symbol of the vector ρpi (xpi,xpq) is calculated using (1), otherwise, that is, if the symbol is
numerical, then this symbol of the vector is calculated by (2) . In this case, the εj- threshold
values corresponding to the j -character are performed by the following formula for each
character of the class objects:

εj =
1

M − 1

M−1∑
i=1

∣∣xjpi − xjpi+1

∣∣,
where j = 1, N ;p = 1, r;i = 1,M − 1;.

We present the following steps for solving the above-mentioned clustering problem:

1. Drug data is preprocessed into xi = (x1i , x2i , . . . , xNi ) ∈ X, i = 1,M In this
case, missing data are filled in, anomalous data are replaced by the mean value, and
quantitative signs are normalized. Standardization is carried out for all quantitative
signs based on the following formula:

xji =
xji −mini x

j
i

maxi x
j
i −mini x

j
i

. i = 1,M ; j = 1, N ;
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2. Then, drugs xi ∈ X, i = 1,M, objects are arbitrarily divided into r classes. That
is,arbitrary are divided into xp1, xp2, . . . , xpmp

∈Xp, p=1,r classes;

3. Based on the equations (1) and (2) given above, all p = 1, r; i 6= q =
1,mp; j = 1, N for all parameters of the vectorρpi (xpi,xpq). That is ρpi (xpi,xpq) =
(ρ1pi (xpi,xpq) , ρ

2
pi (xpi,xpq) , . . . , ρ

N
pi (xpi,xpq) vector symbols are calculated for p = 1, r; i 6=

q = 1,mp; j = 1, N ;

4. The position of the i- object in the optional p-class in the remaining set ofmp−1 objects
of this class is evaluated as follows:

Γpi (xpi,Xp) =
1

mp − 1

mp−1∑
q=1

N∑
j=1

ρj (xpi,xpq) , p=1,r ;i=1,mp;i6=q.

5. The general grade of the arbitrary p-class is calculated based on the criterion
Γp (Xp) = 1

mp

∑mp

i=1 Γpi (xpi,Xp), p=1,r. The degree of similarity of their objects is
evaluated as follows

νp (Xp) = =
Γp (Xp) ∗100%

N
, p=1,r.

6. Also, the i -object in an arbitrary p−class is evaluated by other Xq, q=1,r − 1 class
objects: Γpi (xpi,Xq) = 1

mq

∑mq

k=1

∑N
j=1 ρ

j (xpi,xqk) , p=1,r ;i=1,mp;i6=q. And the i-object
in the p-class is transferred to the class which is highly valued by the objects of the
class. If the highest marks are tied, they are kept in their own class. If the upper values
are equal in two classes other than in the p-class, then this object is moved to the
smaller q index.

7. Usually, the degree of similarity of objects in the formed classes is required to be

νp (Xp)≥δ≥55%.

8. These calculations are performed for all objects xpi, p=1,r ;i=1,mp; and the resulting
new xp1, xp2, . . . , xpmp

∈Xp, p=1,r classes gives a true clustered training sample.

Based on these clustering steps, 1116 different types of blood pressure drugs were clustered
using the algorithm and software. One nominal character and nine quantitative characters
were studied. They are given in the table below:
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Table 1
Information about drugs that affect blood pressure (antihypertensive)
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1 x1 0,10 96 yellow 10 64 3,50 4,51 20,72 90 7,41
2 x2 0,10 85 white 20 78 4,20 7,85 14,36 75 8,56
3 x3 0,50 88 pale

yellow
25 20 4 3,87 25,48 95 5,69

4 x4 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 x6 0,50 93 white 25 57 3,90 4,89 48,65 89 6,85
7 x7 0,20 85 white 10 105 4,24 3,56 13,56 74 6,47
8 x8 16 95 yellow 50 29 4,80 7,86 14,65 96 4,12

1111 x1111 0,4 75 pink 30 96 3,5 6,52 12,69 85 7,89
1112 x1112 0,2 78 gray 20 97 3,6 10,42 12,25 80 8,54
1113 x1113 0,5 76 white 25 86 4,01 7,41 13,25 78 9,65
1114 x1114 0,25 74 gray 14 93 4,5 3,41 10,26 60 12,48
1115 x1115 0,5 72 white 28 94 3,6 4,85 12,48 85 9,85
1116 x1116 0,25 76 white 30 85 3,9 4,63 7,96 86 8,69

The following table provides information about the digitization of the nominal values of
drugs, that is, their colors:

Table 2

brown 1
blue 2
gray 3
red 4
black 5
white 6
fire color 7
pale red 8
pale pink 9
pale yellow 10
pink 11
yellow 12
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3 Algorithm for clustering given objects in different types of character space

The algorithm for finding a solution to the problem described in the article is presented
below. The algorithm consists of six clauses, and it is appropriate to apply the problem of
symbol determination only to objects of a class taken separately.

First step. Drug data is preprocessed into xi = (x1i , x
2
i , . . . , x

N
i ) ∈ X, i = 1,M . In

this case, missing data are filled in, anomalous data are replaced by the mean value, and
quantitative indicators are normalized.

Second step. Subjects of educational selection are included in the database. The initial
database is formed on the intersection of all Xp, p = 1, r class;

Third step. The magnitude (1) indicating the similarity of objects in the space of nominal
symbols and the magnitude (2) indicating the similarity of objects in the space of numerical
symbols, which are used to determine the contribution of objects of class Xp to the formation
of their class, are calculated based on the formula;

Fourth step. The position of the i - object of the arbitrary p-class in the selection marks
in the set of mp−1 objects of the same class is calculated based on the formula in step 3 of
solving the above-mentioned clustering problem;

Fifth step. The evaluation of the i - object in the optional p-class by other
Xq, q=1,r − 1 class objects in the selection marks is calculated based on the formula in
the step 4 of solving the above-mentioned clustering problem;

Sixth step. In selection symbols, the i - object of the arbitrary p-class is transferred to
the class which is highly evaluated by the objects of the class. If the highest marks are tied,
they are kept in their own class. If the upper values are equal in two classes other than the
p-class, then this object is shifted to the smaller q index.

Based on the proposed theoretical research, algorithm, we will solve the problem described
above. Cross-clustering of blood pressure (antihypertensive) drugs is reflected in the following
table.
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Table 3
Information about drugs that affect blood pressure (antihypertensive)

№
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C
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1 x1 0,10 96 12 10 64 3,50 4,51 20,72 90 7,41 1
2 x2 0,10 85 6 20 78 4,20 7,85 14,36 75 8,56 1
3 x3 0,50 88 10 25 20 4 3,87 25,48 95 5,69 7
4 x4 0,03 89 6 50 72 0,20 16,87 15,64 75 7,96 10
5 x5 0,20 91 6 15 60 3,20 19,20 25,63 85 5,98 10
6 x6 0,50 93 6 25 57 3,90 4,89 48,65 89 6,85 10
7 x7 0,20 85 6 10 105 4,24 3,56 13,56 74 6,47 1
8 x8 16 95 12 50 29 4,80 7,86 14,65 96 4,12 10
. . .
1111 x1111 0,4 75 11 30 96 3,5 6,52 12,69 85 7,89 10
1112 x1112 0,2 78 3 20 97 3,6 10,42 12,25 80 8,54 10
1113 x1113 0,5 76 6 25 86 4,01 7,41 13,25 78 9,65 10
1114 x1114 0,25 74 3 14 93 4,5 3,41 10,26 60 12,48 10
1115 x1115 0,5 72 6 28 94 3,6 4,85 12,48 85 9,85 10
1116 x1116 0,25 76 6 30 85 3,9 4,63 7,96 86 8,69 10
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4 A neural network-based clustering algorithm using linear regression

On the result obtained by the clustering algorithm, an experimental test was conducted
on the belonging of the object to the class using a neural network. The neural network is
constructed as follows:

Figure 1: An exemplary structure of a neural network

A neural network based on linear regression was built for this problem.

z = W−→x +
−→
b

where W is a weight matrix initially filled with a set of random numbers, b is a bias
vector initially filled with a set of random numbers. x is the training sample in the data
set.

Activation functions are presented as follows:

ŷ = σ(−→z )

where ŷ is the prediction value from the neural network. The activation functions ReLU
and Softmax were used in this network.

Back-propagation and gradient descent were used to reduce errors in calculations:

L = −
∑

(y − logŷ ) + (1− y)(log1− ŷ)

W ′ = W − α ∂L
∂W

WhereW ′- this is a weighting matrix that brings the prediction closer to the true value
at each step.

Based on the data and parameters, neural network training was carried out using the
gradient descent method. The algorithm of this neural network is as follows:

First step. Import the necessary libraries and define the main parameters of the neural
network.
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Second step. Selection of activation functions and error elimination functions (sparse
cross-entropy).

Third step. Downloading data from a file and preparing it for training and experiments.
Fourth step. Initialize neural network weights and offsets with random values.
Fifth step. Neural network training using stochastic gradient descent (SGT) and mini-

batch (mini-batch) on a specific epoch (NUM_EPOCHS).
Sixth step. Class prediction for test data using a trained network.
Seventh step. Calculation of accuracy of predictions based on test data.
Eighth step. Display and visualize the accuracy of predictions on the screen.
A block diagram of this algorithm is fully described in Figure 2:

Figure 2: Block diagram of a neural network algorithm

The experimental results of the constructed neural network predicted the class of the new
object with 81 - 87% accuracy.

5 A clustering model built on the KNIME platform

In addition, experiments were conducted in the KNIME environment, which is intended for
building neural networks in the form of a scratch-block. A neural network model in the
KNIME environment is shown in figure 3.

Figure 3: K-nearest neighbors model in KNIME
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The functions of each scratch block in this model are as follows:

1. Excel Reader - reading and downloading data from an Excel file.

2. Number to String - convert numeric data to string data.

3. SMOTE - reproduce data of many different types using the following methods:
"Synthetic Minority Over-sampling Technique".

4. Missing Value - filling in or removing missing data.

5. Normalizer - normalizing data using specific methods.

6. Partitioning - splitting data into test and training samples.

7. K Nearest Neighbor - data classification or regression with KNN algorithm.

8. Scorer - print summary results of model accuracy metric evaluations.

Through this model, 90% of the training sample was allocated to training and 10% to
testing, and the level of clustering as a result of the model was estimated in the range of
88-94%.

The fourth table below presents a comparative analysis of the three studied algorithms.
Table 4
Class Recognition

accuracy by
neural network

Recognition accuracy
by model generated in
KNIME

Algorithm accuracy of
classification of given
objects in different
types of character
space

1 82.62 94.23 95.52
2 81.4 93.48 90.18
3 84.8 88.03 97.36
4 86.23 90.26 88.07
5 82.02 94.11 95.19
6 83.79 91.48 90.27
7 81.83 93.49 94.13
8 85.61 88.43 93.47
9 87.32 94.13 94.06
10 82.55 90.88 96.47

According to the analysis, an experiment-test was conducted based on the classification
of the given objects in the space of various types of symbols. Therefore, it was noteworthy
that the sample was divided into clusters based on the proposed algorithm.

The first column of the Table 4 lists the names of 10 classes formed on the basis of
clustering. The second column shows the accuracy of recognition by the neural network
model, the third column shows the accuracy of recognition by the model created in KNIME,
and the fourth column shows the accuracy of the object classification algorithm in different
types of character space.
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6 Conclusion

In conclusion, the article proposes a new approach to solving the problem of clustering
through the character space of the objects of the sample class and an algorithm based on
neural networks to correctly find the classes of the objects of the training sample.

In classification, clustering, pattern recognition and intelligent data analysis, reducing the
set of symbols in pre-processing and solving the problems proposed based on them is a very
important research.

An algorithm and software complex developed to clusterize drugs affecting human blood
pressure has been researched. The results of the study covered more than 1,100 drugs. The
tests confirmed the effectiveness of the algorithm and the ability to help.

The proposed algorithm works in solving the problem of clustering, taking into account
nominal and value symbols. The selection consists of ten classes, and the information of each
class is organized from nominal and value symbols. As a result of using the algorithm, a
software package based on neural networks and providing the correct identification of classes
was developed.

The proposed algorithm and software complex achieved high results in the clustering
of drugs that affect human blood pressure, ensuring their accurate and effective grading.
Techniques based on neural nets provide an opportunity to work with both nominal and
value characters in mind, and this in turn increases the accuracy and efficiency of clustering.
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