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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология және 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation Index Expanded, 
the Social Sciences Citation Index және the Arts & Humanities Citation Index-ке қабылдау мәселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді 
геология және техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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CLUSTER ANALYSIS FOR DATABASES  
TYPOLOGIZATION CHARACTERISTICS 

 
Abstract. The article deals with basic concepts of cluster analysis and data clustering. The authors give brief 

information on the history of cluster analysis and its first applications. The article gives the classification of methods 
by the way of data processing and analysis in cluster analysis. The detailed description of the popular, non-
hierarchical K-means algorithm is given. When developing databases, their structure should provide for the division 
of products into clusters based on various characteristics. It is necessary to consider the division into clusters based 
on other characteristics, such as allergenicity (whether the product contains an allergic component or not) or 
carbohydrate content (important for diabetics). The content of protein, potassium and phosphates should be taken 
into account when developing diets for those suffering from kidney diseases. The presence of specific amino acids - 
for metabolic diseases, etc. In this way, food composition data and product clustering across different categories 
allow nutritionists to create interchangeable lists of meals with portion sizes, or lists of permitted and prohibited food 
products in terms of various diseases. The authors give the clustering of the database fragment of chemical 
composition of food products on the example of cottage cheese products and confectionary by one of the signs – the 
content of carbohydrates – in the R software environment by k-means. Food clusters based on carbohydrate content 
are very important in shaping the diet for diabetics. A visual gradation of products into clusters is demonstrated in the 
form of a dendrogram showing the degree of proximity of individual clusters. The resulting dendrogram contains             
5 clusters. Cluster 4 includes the largest number of products (170 items) with an average carbohydrate content of           
1.8 g with a variation range from 0 to 7.1 g. Food products and dishes that fall into this cluster are the least dangerous 
for people with diabetes. Cluster 5 includes only 8 products with a distribution of carbohydrates within the cluster 
from 62.60 to 80.40 g. This category of food should be excluded when preparing a diet for people with diabetes. 

Keywords: cluster, proximity measure, clustering methods, k-means, dendrogram, characteristic. 
 
Introduction. Clustering means combining objects into groups (clusters) based on the similarity of 

features for objects in the same group and differences between the groups. Most clustering algorithms do 
not rely on traditional statistical assumptions; they can be used in conditions where there is almost no 
information about data distribution laws. Thus, the task of cluster analysis is to divide the initial set of 
objects into groups that are similar and close to each other. These groups are called clusters or taxons. In 
addition to the term "clustering", there are a number of terms with similar meanings, such as automatic 
classification, numerical taxonomy, botryology, and community detection. It is believed that the term 
"cluster analysis" was first used in the work of the American psychologist Robert C. Tryon from the 
University of Berkeley [1]. 

The first works on clustering in the 30-40s of the last century can be attributed to the field of 
anthropology - Driver and Kroeber [2], psychology - Joseph Zubin [3], Robert Tryon [1] and to the clas-
sification of traits in personality psychology [4]. However, the publication of the book Sokal R. R., and 
Sneath P. H. A. "Principles of Numerical Taxonomy” [5] in 1963 served as an impetus for the develop-
ment of various methods of cluster analysis. To date, a large number of different clustering algorithms and 
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their modifications have been developed. For the first time, the monograph of Hartigan J.A. [6] provides 
an overview of classical (first) methods and algorithms in clustering. 

The results obtained by cluster analysis methods are applied in various fields. For example, in the 
field of medicine, clustering of diseases and symptoms of diseases leads to classifications used to select 
treatment methods. To create an adequate diet, it is necessary to process large amounts of data related to 
the chemical composition of food products and dishes. Information such as rules should be stored in 
databases. The database structure should be divided into clusters, such as "Porridge", "Soups", "Vege-
tables", etc. Clusters are necessary for the subsequent distribution of food products and dishes included in 
the diet to separate meals according to time. Along with this, it is necessary to take into account the 
division into clusters based on various characteristics, such as allergenicity (whether the product contains 
an allergic component or not), etc. Food clusters can be based on, for example, carbohydrate content for 
diabetics, or protein, potassium and phosphates for kidney disease sufferers, or specific amino acids for 
metabolic diseases, and so on. Thus, product composition data and product clustering across different 
categories allow nutritionists to create interchangeable lists of meals with portion sizes, or lists of per-
mitted and prohibited food products in terms of various diseases. 

The purpose of this research is to analyze existing groups of algorithms for classifying food products, 
ingredients, dishes and diets, and to conduct cluster analysis on the example of cottage cheese products 
and confectionery. 

Organization and research methods. The initial information for clustering is the observation 
matrix: 

 

𝑋 ൌ ൥
𝑥ଵଵ 𝑥ଵଶ … 
𝑥ଵଶ 𝑥ଶଶ … 
𝑥௠ଵ 𝑥௠ଶ … 

𝑥ଵ௡
𝑥ଶ௡
𝑥௠௡

൩ 

 

each of its line represents the values of n attributes of one of the Mclusterization objects. The clustering 
task is to break objects from X into several subsets (clusters), where the objects are more similar to each 
other than to objects from other clusters. In metric space, the "similarity" is usually defined in terms of a 
distance. The distance can be calculated either between the source objects (lines of the X matrix), or 
between these objects to the cluster prototype. Usually, prototype coordinates are not known in advance – 
they are found simultaneously with data breaking into clusters. 
 

 
 

Figure 1 – Classification of methods by the method of data processing and analysis in cluster analysis 
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Data of the observation matrix must be normalized, i.e., reduced to dimensionless values. If the 
variables are not normalized, they will not affect the distance equally (i.e. if we measure vitamins in milli-
grams and micrograms, and protein, fat, and carbohydrates - in grams, then protein, fat, and carbohydrates 
will not be able to affect anything at all). 

There are many clustering methods that can be classified as follows: 1) by the method of data 
processing [7-14]; 2) by the method of data analysis [15-16]; 3) by the number of applications of cluste-
ring algorithms [17-22]; 4) by the possibility of expanding the scope of processed data [23-24]; 5) by the 
time of clustering [25-26]. A more detailed classification of methods by the method of data processing and 
analysis in cluster analysis is shown in (figure 1). 

All clustering methods work with data as vectors in a multidimensional space. Each vector is 
determined by the values of several directions, while the directions themselves are the characteristics we 
know (the content of protein, fat, amino acids, vitamins, etc. in the product). Characteristics can be both 
quantitative and qualitative, and the art of a data mining specialist is to correctly select and normalize 
these characteristics, and then choose the appropriate measure of distances. Only then clustering 
algorithms shall be applied. 

Results and discussion. The criterion for determining the similarity and difference of clusters is         
the distance between points on the scattering diagram. There are several ways to determine the measure          
of distance between clusters, called the proximity measure: 1) Mahalanobis distance (general view);            
2) ordinary Euclidean distance; 3) "weighted" Euclidean distance; 4) Hemming distance; 5) Chebyshev 
distance; 6) power distance; 7) percent disagreement. Depending on the research purpose, one or another 
formula is chosen to determine the measure of proximity. The authors have analyzed the most used 
algorithms. One of the most popular non-hierarchical algorithms is the K-means algorithm. It was 
invented in the 1950s by the mathematician Hugo Steingauz [27] almost simultaneously with Stuart Lloyd 
[28]. It became particularly popular after McQueen's work [29]. 

The k-means algorithm is popular due to its ease of implementation and speed [9-10]. Its main 
drawback is its convergence to the local minimum and dependence of the result on the initial distribution. 
You also need to know the estimated number of k clusters in advance. The main idea of the k-means 
algorithm is that the center of mass for each cluster obtained in the previous step is recalculated at each 
iteration, then vectors are divided into clusters again taking into account the closest of the new centers by 
the chosen metric. The algorithm ends when there is no change in the intra-cluster distance at some 
iteration. This happens in a finite number of iterations, since the number of possible breakings of a finite 
set is finite, and at each step the total square deviation decreases, thus, looping is impossible. 

 
# To upload and prepare data 
# To output data elements 
head(prod) 
 Carbohydrates 
Borshch with fresh cabbage and tomato 9.8 
Borshchwithsauerkraut 8.8 
Navy-style borshch with meat 11.5 
Borshch with fresh cabbage, potatoes and meat 5.7 
Krasnodar borshch with meat 8.3 

# To normalize data 
prod <- scale(prod) 
# To build a dendrogram 
hc<- hclust(dist(prod)) 
ph<- as.phylo(hc) 
groups5 <- cutree(hc, k = 5) 
colors = c("red", "blue", "green", "brown","magenta") 
plot(ph, tip.color = colors[groups5], cex = 0.6) 
# To conduct clusterization using the k-means method 
kmeans(prod, 5, 1000000) 

 
Figure 2 – Program code listing in the R software environment 
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It is a well-known fact that to support a healthy lifestyle and maintain health, it is necessary to 
prepare a diet that meets the needs and capabilities of the human body and is balanced in all indicators of 
nutritional and biological value. That is, taking into account the human metabolism. For this purpose, 
decision support systems are being developed. The information basis of such systems is a database of 
products, ingredients, and dishes that are most common and sold in large cities and megacities. The 
database structure should provide for the distribution of products into clusters based on various criteria. 
Dividing products into clusters will allow excluding "undesirable" products from the diet when creating a 
menu. So, for example, for patients with diabetes – this is the quantitative content of carbohydrates in pro-
ducts. The largest amount of carbohydrates is mainly found in dairy and confectionery products [30-31]. 

The authors have conducted a clustering of the database fragment by one of the signs – carbohydrate 
content – on the example of cottage cheese products and confectionary in the R software environment. 
The software code fragment is shown in (figure 2). 

At the beginning of the study, a dendogram was formed. A dendrogram is a visualization of results of 
hierarchical clustering. It allows visually assessing the degree of proximity of individual objects and 
clusters, as well as graphically demonstrating the sequence of their association or separation. The number 
of dendrogram levels corresponds to the number of steps for merging or dividing clusters. 

 
a) 

 
b) 

 
 

Figure 3 –Dendrogram: a) general view, b) cluster 1 (green font color) 
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The general view of the dendrogram for clustering products based on carbohydrate content is shown 
in (figure 3). Color zones (red, blue, green, brown, pink) in the dendogram visually display the division of 
products into clusters. Note that in the R environment, numbering goes from the right to the left. As can be 
seen from (figure 3), after classification, food products and dishes are grouped into 5 clusters with 
different carbohydrate content. The largest number of products included in cluster 4 is of red color. 

For the detailed consideration of each formed cluster, one can build one's own dendrogram separately 
(to display it on the screen). For example, for cluster 1 (it is highlighted in green on the general dendro-
gram) containing 12 products, the dendrogram looks as follows (figure 4). 

 
Figure 4 – Dendrogram of cluster 1 

 
Along with the dendrogram, a table is formed with details for each cluster: 1) the number of products 

included in this cluster; 2) the average value of carbohydrates for this cluster; 3) the maximum content of 
carbohydrates in the product of this cluster; 4) the minimum content of carbohydrates in the product in this 
cluster. Thus, as a result of clustering using the k-means algorithm, we have obtained the following 
division of products provided in table 1, which can be interpreted by the carbohydrate content as products 
with low carbohydrate content (class 4), medium (class 2) and high carbohydrate content (class 5). The 
largest number of products (170 items) fell into cluster 4 with an average carbohydrate content of 1.8 g. 
with a variation range from 0 to 7.1 g. The smallest number of products (8 items) fell into cluster 5 with an 
average carbohydrate content of 70.91 g. with a variation range from 62.60 to 80.40 g. 

 
Table1 – Clustering results 

 

Cluster 
Quantity by the 

Product field 
Average by the 

Carbohydrates field 
Maximum by the 

Carbohydrates field 
Minimum by the 

Carbohydrates field 

5 8 70.91 80.40 62.60 

1 12 51.32 58.80 44.00 

2 38 22.86 35.40 18.60 

3 102 13.20 17.60 7.70 

4 170 1.80 7.10 0.00 

Grand total 330 11.22 80.40 0.00 
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Table 2 Products included in cluster 5 
 

Cluster 
Quantity by the 

Product field 
Average by the 

Carbohydrates field 
Maximum by the 

Carbohydrates field 
Minimum by the 

Carbohydrates field 

5 8 70.91 80.40 62.60 

Marshmallows 1 78.30 78.30 78.30 

Jelly shaped marmalade 1 77.70 77.70 77.70 

Fruit and berry shaped marmalade 1 76.00 76.00 76.00 

Paste 1 80.40 80.40 80.40 

Protein-churned cake 1 62.60 62.60 62.60 

Pound cake with fruit filling 1 64.20 64.20 64.20 

Short pastry with fruit filling 1 62.60 62.60 62.60 

Almond cake 1 65.50 65.50 65.50 

 
A user can see more detailed information when each cluster is expanded. Which product subgroups or 

products are included in this cluster. Table 2 shows the products included in cluster 5. 
Conclusion. The article shows the possibility of using cluster analysis to classify food products, 

ingredients, dishes and diets using the example of cottage cheese products and confectionery. There is a 
brief information on the history of cluster analysis and its first applications. The article gives the main 
terms and definitions, classification of methods and algorithms of cluster analysis. Based on the analysis, 
the k-means method was chosen as the implementation method. The advantage of this method is simpli-
city and speed of use as well as visibility when dividing elements (products) into clusters. Clustering of the 
database fragment of the chemical composition of products and dishes based on "carbohydrate content" was 
performed in the R software environment. The visual gradation of products into clusters in the form of a 
dendrogram is demonstrated. The resulting dendrogram contains 5 clusters. Cluster 4 in-cludes the largest 
number of products (170 items), with an average carbohydrate content of 1.8 g. with a variation range from 0 
to 7.1 g. Food products and dishes that fall into this cluster are the least dangerous for people with diabetes. 
Cluster 5 includes only 8 products with a distribution of carbohydrates within the cluster from 62.60 to  
80.40 g. This category of food should be excluded when preparing a diet for people with diabetes. 
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Research Centre for Food Systems’ of RAS. 
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ТАМАҚ ӨНІМДЕРІН ЖӘНЕ ТАҒАМДАРДЫ КЛАСТЕРЛІК ТАЛДАУ АРҚЫЛЫ ТИПТЕУ 
 

Аннотация. Мақалада кластерлік талдаудың негізгі ұғымдар және кластерлеу деректері қарастырылған. 
Кластерлік талдаудың пайда болу тарихы, алғашқы салалардағы оның қолдануы бойынша қысқаша мәлімет-
тер берілді. Кластерлік талдауда өңдеу тәсілі бойынша әдістерді жіктеу мен талдау деректері келтірілген. 
Қолданыстағы әдістер мен деректерді кластерлеу алгоритмдері: 1)өңдеу тәсілі бойынша деректер талданды; 
2)деректерді талдау тәсілі бойынша талданды; 3)кластерлеу алгоритмдерін қолдану саны бойынша талданды; 
4)өңделетін деректердің көлемін кеңейту мүмкіндігінше талданды; 5)кластерлеу уақыты орындалу бойынша 
талданды.  

Белгілі k-орташа иерархиялықсыз алгоритмі тиянақты сипатталған. Барабар тамақтану рационын жасау 
кезде көлемі үлкен деректерді, кейде құрылымдық емес немесе әлсіз құрылымдыны пайдалану қажет. Дерек-
тер базасын жасау кезінде оның құрылымындағы өнімдерді әр түрлі сипаттамалар бойынша кластерлерге 
бөлуін қарастыру қажет. Басқа белгілер бойынша кластерлерге бөлінетінін ескеру қажет бөлу, мысалы, ал-
лергендігі бойынша (өнімнің құрамында аллергиялық компонент бар немесе жоғын) немесе көмірсулардың 
болуы бойынша (диабетиктер үшін маңызды). Ақуыз, калий және фосфаттардың болуын бүйрек ауруларына 
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шалдыққан адамдардың рационын жобалау кезінде ескеру қажет. Метаболикалық аурулар және т.б. үшін 
нақты амин қышқылдардың қатысуы. Осылайша, өнімнің құрамы туралы мәліметтер мен әртүрлі санаттағы 
өнімдердің кластеризациясы диетологтарға порция өлшемдеріне қарай алмастырылатын тағам тізімдерін 
қалыптастыруға немесе әр түрлі аурулар тұрғысынан алғанда рұқсат етілген және рұқсат етілмеген өнімдерді 
қалыптастыруға мүмкіндік береді.  

Өнімдер мен тағамдар химиялық құрамының деректер базасындағы фрагмент кластеризациясы келті-
рілген оны ірімшікті өнімдер мен кондитерлік бұйымдардың мысалынан бір қасиеті бойынша–көмірсулар-
дың болуы – R бағдарламалық ортада k-орташа әдісімен көруге болады. Көмірсулар мәні бойынша өнімдер-
дің кластерлері диабетиктер үшін тамақтану рационын қалыптастыру кезінде өте маңызды. Жеке кластерлер-
дің жақын орналасқан дәрежесін көрсететін дендрограмма түрінде құрастыру арқылы өнімдердің кластерлер-
ге визуалды градациясы көрсетілді. Кластерлеу кестесі пайдаланушыға әрбір кластерді ашу кезінде егжей-
тегжейлі ақпаратты көруге мүмкіндік береді: нақты қай кластерге қандай топ өнімдері немесе өнімдер кіреді. 

Түйін сөздер: кластер, жақындау шарасы, кластерлеу әдістері, k-means, дендрограмма. 
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КЛАСТЕРНЫЙ АНАЛИЗ ДЛЯ ТИПОЛОГИЗАЦИИ ПИЩЕВЫХ ПРОДУКТОВ И БЛЮД 
 

Аннотация. В статье рассмотрены основные понятия кластерного анализа и кластеризации данных. 
Даны краткие сведения по истории возникновения кластерного анализа, первых областях его применения. 
Приведена классификация методов по способу обработки и анализу данных в кластерном анализе. Проана-
лизированы существующие методы и алгоритмы кластеризации данных: 1) по способу обработки данных;         
2) по способу анализа данных; 3) по количеству применений алгоритмов кластеризации; 4) по возможности 
расширения объема обрабатываемых данных; 5) по времени выполнения кластеризации.  

Наиболее подробно описан популярный, неиерархический алгоритм k-средних. При составления адек-
ватного рациона питания необходимо оперировать большим объемом данных, иногда не структурированным 
или слабоструктурированным. При разработке баз данных, в ее структуре следует предусмотреть деление 
продуктов на кластеры по различным характеристикам. Наряду с этим необходимо учесть деление на клас-
теры по другим признакам, например, аллергенности (содержит ли в своем составе продукт аллергический 
компонент) или содержании углеводов (важно для диабетиков). Содержание белка, калия и фосфатов сле-
дует учесть при проектировании рационов для страдающих заболеваниями почек. Присутствие конкретных 
аминокислот – для метаболических заболеваний и т.д. Таким образом, данные о составе продуктов и класте-
ризация продуктов по различным категориям позволяют диетологам формировать взаимозаменяемые списки 
блюд с размерами порций или списки разрешенных и неразрешенных продуктов с точки зрения различных 
заболеваний.  

Приведена кластеризация фрагмента базы данных химического состава продуктов и блюд на примере 
творожных продуктов и кондитерских изделий по одному из признаков – содержание углеводов – в про-
граммной среде R методом k-средних. Кластеры продуктов по содержанию углеводов очень важны при 
формировании рациона питания для диабетиков. Продемонстрирована визуальная градация продуктов на 
кластеры в виде построения дендрограммы, показывающая степень близости отдельных кластеров. Класте-
ризации позволяет пользователю увидеть более детальную информацию при раскрытии каждого кластера: 
какие подгруппы продуктов или продукты входят в данный кластер. 

Ключевые слова: кластер, мера близости, методы кластеризации, k-means, дендрограмма. 
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