
 ISSN 2518-1726 (Online),  
 ISSN 1991-346X (Print) 

 
ҚАЗАҚСТАН РЕСПУБЛИКАСЫ 

ҰЛТТЫҚ ҒЫЛЫМ АКАДЕМИЯСЫНЫҢ 

әл-Фараби атындағы Қазақ ұлттық университетінің 

Х А Б А Р Л А Р Ы 

ИЗВЕСТИЯ 
 

НАЦИОНАЛЬНОЙ АКАДЕМИИ НАУК 
РЕСПУБЛИКИ КАЗАХСТАН 
Казахский национальный университет  
им. аль-Фараби 

N E W S 
 

OF THE NATIONAL ACADEMY OF SCIENCES  
OF THE REPUBLIC OF KAZAKHSTAN 

Al-Farabi  
Kazakh National University 

 
 
 

SERIES 
PHYSICO-MATHEMATICAL 

 
 

1 (335) 

JANUARY – FEBRUARY 2021 
 
 
 

PUBLISHED SINCE JANUARY 1963 
 
 

PUBLISHED 6 TIMES A YEAR 
 
 
 
 
 
 
 
 
 
 
 
 
 

ALMATY, NAS RK 
  



News of the National Academy of sciences of the Republic of Kazakhstan 
  

 2 

 
 
 

 
 
NAS RK is pleased to announce that News of NAS RK. Series physico-mathematical 

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 chemistry and technologies in the Emerging 
Sources Citation Index demonstrates our dedication to providing the most relevant and 
influential content of chemical sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Физикалық-

математикалық 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. Химия және технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия физико-математичес-

кая» 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. Вклю-
чение Известия НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность 
к наиболее актуальному и влиятельному контенту по химическим наукам для нашего 
сообщества. 

  



ISSN 1991-346X                                                                                                    Series physico-mathematical. 1. 2021 
 

 3 

Б а с  р е д а к т о р ы  

ф.-м.ғ.д., проф., ҚР ҰҒА академигі  
Ғ.М. Мұтанов 

 
 

Р е д а к ц и я   а л қ а с ы: 
 

Асанова А.Т. проф. (Қазақстан) 
Бошкаев К.А. PhD докторы (Қазақстан) 
Байгунчеков Ж.Ж. проф., академик (Қазақстан) 
Quevedo Hernando проф. (Мексика) 
Жүсіпов М.А.  проф. (Қазақстан) 
Ковалев А.М. проф., академик (Украина) 
Калимолдаев М.Н. проф., академик (Қазақстан) 
Михалевич А.А. проф., академик (Белорусь) 
Мырзакулов Р. проф., академик (Қазақстан) 
Рамазанов Т.С. проф., академик (Қазақстан) 
Такибаев Н.Ж. проф., академик (Қазақстан), бас ред. орынбасары 
Тигиняну И. проф., академик (Молдова) 
Уалиев З.Г. проф., чл.-корр. (Қазақстан) 
Харин С.Н. проф., академик (Қазақстан) 
 
 
 
 
 
 

 
 
 
«ҚР ҰҒА Хабарлары. Физика-математикалық сериясы». 
ISSN 2518-1726 (Online), ISSN 1991-346X (Print) 
Меншіктенуші: «Қазақстан Республикасының Ұлттық ғылым академиясы» РҚБ (Алматы қ.). 
Қазақстан Республикасының Ақпарат және коммуникациялар министрлігінің Ақпарат комитетінде 
14.02.2018 ж. берілген № 16906-Ж мерзімдік басылым тіркеуіне қойылу туралы куәлік. 
 
Тақырыптық бағыты: физика-математика ғылымдары және ақпараттық  
 технологиялар саласындағы басым ғылыми зерттеулерді  
 жариялау. 
 
Мерзімділігі: жылына 6 рет. 
Тиражы: 300 дана. 
 
Редакцияның мекенжайы:  050010, Алматы қ., Шевченко көш., 28; 219, 220 бөл.;  
 тел.: 272-13-19; 272-13-18,  
http://physics-mathematics.kz/index.php/en/archive 
 
 
 

© Қазақстан Республикасының Ұлттық ғылым академиясы, 2021 
 

Типографияның мекенжайы: «NurNaz GRACE», Алматы қ., Рысқұлов көш., 103. 
  



News of the National Academy of sciences of the Republic of Kazakhstan 
  

 4 

Г л а в н ы й   р е д а к т о р 

д.ф.-м.н., проф. академик НАН РК  
Г.М. Мутанов 

 
 

Р е д а к ц и о н н а я   к о л л е г и я: 
 

Асанова А.Т. проф. (Казахстан) 
Бошкаев К.А. доктор PhD (Казахстан) 
Байгунчеков Ж.Ж. проф., академик (Казахстан) 
Quevedo Hernando проф. (Мексика) 
Жусупов М.А.  проф. (Казахстан) 
Ковалев А.М. проф., академик (Украина) 
Калимолдаев М.Н. проф., академик (Казахстан) 
Михалевич А.А. проф., академик (Беларусь) 
Мырзакулов Р. проф., академик (Казахстан) 
Рамазанов Т.С. проф., академик (Казахстан) 
Такибаев Н.Ж. проф., академик (Казахстан), зам. гл. ред. 
Тигиняну И. проф., академик (Молдова) 
Уалиев З.Г. проф., чл.-корр. (Казахстан) 
Харин С.Н. проф., академик (Қазақстан) 
 
 
 
 

 
 
 
 
 
«Известия НАН РК. Серия физика-математическая». 
ISSN 2518-1726 (Online), ISSN 1991-346X (Print) 
Собственник: РОО «Национальная академия наук Республики Казахстан» (г. Алматы). 
Свидетельство о постановке на учет периодического печатного издания в Комитете информации 
Министерства информации и коммуникаций Республики Казахстан № 16906-Ж, выданное 
14.02.2018 г. 
 
Тематическая направленность: публикация приоритетных научных исследований  
 в области физико-матема-тических наук  
 и информационных технологий. 
 
Периодичность: 6 раз в год. 
Тираж: 300 экземпляров. 
 
Адрес редакции: 050010, г. Алматы, ул. Шевченко, 28; ком. 219, 220; тел.: 272-13-19; 272-13-18, 
http://physics-mathematics.kz/index.php/en/archive 
 
 
 

© Национальная академия наук Республики Казахстан, 2021 
 
Адрес типографии: «NurNaz GRACE», г. Алматы, ул. Рыскулова, 103. 
  



ISSN 1991-346X                                                                                                    Series physico-mathematical. 1. 2021 
 

 5 

E d i t o r   i n   c h i e f 

doctor of physics and mathematics, professor, academician of NAS RK  
G.М. Mutanov  

 
 

E d i t o r i a l   b o a r d: 
 

Asanova А.Т. prof. (Kazakhstan) 
Boshkayev K.А. PhD (Kazakhstan) 
Baigunchekov Zh.Zh. prof., akademik (Kazahstan) 
Quevedo Hemando prof. (Mexico) 
Zhusupov М.А. prof. (Kazakhstan) 
Kovalev А.М. prof., academician (Ukraine) 
Kalimoldaev M.N. prof., akademik (Kazahstan) 
Mikhalevich А.А. prof., academician (Belarus) 
Myrzakulov R. prof., akademik (Kazahstan) 
Ramazanov T.S. prof., akademik (Kazahstan) 
Takibayev N.Zh. prof., academician (Kazakhstan), deputy editor in chief. 
Tiginyanu I. prof., academician (Moldova) 
Ualiev Z.G. prof., chl.-korr. (Kazahstan) 
Kharin S.N. prof., academician (Kazakhstan) 
 
 
 

 
 
 
 
 
 
 
News of the National Academy of Sciences of the Republic of Kazakhstan. Physical-mathematical 
series.  
ISSN 2518-1726 (Online), ISSN 1991-346X (Print) 
Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty). 
The certificate of registration of a periodical printed publication in the Committee of information of the 
Ministry of Information and Communications of the Republic of Kazakhstan No. 16906-Ж, issued on 
14.02.2018. 
 
Thematic scope: publication of priority research in the field of physical and mathematical  
 sciences and information technology. 
 
Periodicity: 6 times a year. 
Circulation: 300 copies. 
 
Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19; 272-13-18,  
http://physics-mathematics.kz/index.php/en/archive 
 
 
 

© National Academy of Sciences of the Republic of Kazakhstan, 2021 
 
Address of printing house: «NurNaz GRACE», 103, Ryskulov str, Almaty. 
  



News of the National Academy of sciences of the Republic of Kazakhstan 
  

 26 

NEWS 

OF THENATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN 

PHYSICO-MATHEMATICAL SERIES 

ISSN 1991-346Х  

Volume 1, Number 335 (2021), 26 – 31 https://doi.org/10.32014/2021.2518-1726.4 
 
UDC 004.89 
IRSTI 28.23.01 

 
A.Y. Zhubatkhan, Z.A. Buribayev,  

S.S. Aubakirov, M.D. Dilmagambetova, S.A. Ryskulbek 

 

Al-Farabi Kazakh National University, Almaty, Kazakhstan. 
E-mail: d.m.d97@mail.ru 

 

COMPARISON MODELS OF MACHINE LEARNING  
FOR MOVIE RECOMMENDATION SYSTEMS 

 
Abstract. The trend of the Internet makes the presentation of the right content for the right user inevitable. To 

this end, recommendation systems are used in areas such as music, books, movies, travel planning, e-commerce, 
education, and more. One of the most popular recommendation systems in the world is Netflix, which generated 
record profits during quarantine in the first quartile of 2020. The systematic approach of recommendations is based 
on the history of user selections, likes and reviews, each of which is interpreted to predict future user selections. This 
article provides a meaningful analysis of various recommendation systems, such as content-based, collaborative 
filtering and popularity. We reviewed 7 articles published from 2005 to 2019 to discuss issues related to existing 
models. The purpose of this article is to compare machine learning algorithms in the Surprise library for a 
recommendation system. Recommendation system has been implemented and quality has been evaluated using the 
MAE and RMSE metrics. 

Keywords: recommendation system, analysis of machine learning approaches, Surprise library, collaborative 
filtering. 

  
1. Introduction 
Recommender systems are algorithms designed to offer users the appropriate elements. 

Recommender systems are a class of information filtering systems whose main purpose is to provide 
personalized recommendations, content and services to users. Recommender systems typically help users 
find products such as films, books, articles, news, and others that match their personal preferences and 
needs [1]. 

Personalized recommendation blocks are the most obvious example of user personalization. The web 
service ranks the objects in order of relevance for a particular user based on user history. For example, on 
Netflix service, rough estimates posted continuous content [2]. The user is not able to watch the whole 
movie, so users search for a movie that they like by using stories at the same time. The task of this system 
is to build a personal stream that is interesting to the user based on the website. 

Recommender systems are not necessarily intended to recommend certain objects to users. To 
increase the effectiveness of promotions, online stores resort to the help of recommendation systems in 
order to identify the most interested users in one of the products. Recommendation system predicts the 
degree of interest of each user to a particular product based on purchases and their responses to 
promotional letters [3]. 

Referral systems are really important in some industries, as they can generate huge revenues when 
they are effective. As evidence of the importance of recommender systems, we can mention that a few 
years ago Netflix organized a contest with a prize of $ 1 million, where the goal was to create a 
recommendation system that works better than its own algorithm [4]. 

Recommender systems work with two types of information: 
1. Characteristic information. This is information about elements and users. 
2. User interaction. This information is such as ratings, number of purchases, likes, etc. 
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Based on this, we can distinguish three algorithms used in recommender systems: 
1. Content systems that use specific information. 
2. Collaborative filtering systems based on user interaction with the element. 
3. Hybrid systems that combine both types of information in order to avoid problems that arise when 

working with only one type. 
Collaborative methods of recommendation systems are methods that are based on past interactions 

recorded between users and subjects to develop new recommendations. These interactions are stored in the 
so-called "user-element interaction matrix" [3]. Then, the basic idea that governs collaborative methods is 
that these past user-element interactions are enough to detect similar users or similar elements and predict 
based on these assumed approximations. However, since only past interactions are taken into account for 
making recommendations, collaborative filtering suffers from a “cold start problem”: it is not possible to 
recommend something to new users or recommend a new item to any users, and many users or elements 
have few interactions too. This drawback can be eliminated in different ways: recommend random items 
to new users or new items to random users, recommend popular items to new users or new items to most 
active users, recommend a set of different items for new users or a new item to recruit different users. 

Unlike collaborative work methods that rely on the interaction of user elements, content-based 
approaches use additional information about users or elements. If we look at an example of a movie 
recommendation system, this additional information could be, for example, age, gender, work or any other 
personal information for users, as well as the category, main characters, duration or other characteristics 
for movies [5]. 

Then the idea of content-based methods is to try to build a model based on the available “functions” 
that explain the observed user interactions with the element. 

Content-based methods suffer much less from the “cold start” problem than collaborative approaches 
[6]. Only new users or elements with previously unseen features will logically suffer from this 
shortcoming, but as soon as the system becomes old enough, it will have little chance of not happening at 
all. 

 
2. Methods 
To develop recommendation system algorithms, used the Surprise library, which was built by Nicolas 

Hug. Surprise is a library in Python scikit for recommender system, which is able to build an algorithm, 
that is nothing but a class derived from “AlgoBase” that has an “estimate” method. This is the method that 
is called by the predict() method. It takes in an inner user id, an inner item id, and returns the estimated 
rating uir . But the dumbest algorithm returns a set rating value.  

In this research used MovieLens datasets by the GroupLens Research Project at the University of 
Minnesota. Dataset consists of 100,000 ratings (1-5) from 943 users on 1682 movies. Each user has rated 
at least 20 movies [7]. 

To fit prediction algorithms, it requires a similarity measure, which builds a similarity matrix and 
returns value depending on the similarity of films and users. 

To make a cleverer algorithm that predicts the average of all the ratings of the train set. As this is a 
constant value that does not depend on current user or item, we would rather compute it once and for all. 
This can be done by defining the fit method. This way, we can fit our algorithms for training sets. 

To prediction used the prediction algorithms package of Surprise library, which includes the 
prediction algorithms available for recommendation. We used nine type of prediction algorithm: 

1. NormalPredictor is an algorithm which predicts a random rating based on the distribution of the 
training set, which is assumed to be normal. 

2. BaselineOnly is an algorithm which predicts the baseline estimate for a given user and item. 
3. KNNBasic is a basic collaborative filtering algorithm. 
4. KNNWithMeans is basic collaborative filtering algorithm, taking into account the mean ratings of 

each user. 
5. KNNBaseline is a basic collaborative filtering algorithm taking into account a baseline rating. 
6. SVD is equivalent to Probabilistic Matrix Factorization. 
7. NMF is a collaborative filtering algorithm based on Non-Negative Matrix Factorization. It is very 

similar with SVD. 
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8. SlopeOne is a straightforward implementation of the SlopeOne algorithm. Coclustering is a 
collaborative filtering algorithm based on co-clustering. 

At the end, calculated evaluation metrics root mean square error (RMSE) and mean absolute error 
(MAE) on a 5-fold cross-validation procedure by formula (1) and (2). The folds are the same for all the 
algorithms [8]. 
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3. Results 
Nine types of machine learning models showed different results for evaluation of quality: MAE and 

RMSE [9]. Training is conducted for datasets MovieLens 100k to compare the performance of machine 
learning algorithms: SVD, KNN, KNNwithMeans, KNNBasic, BaselineOnly, Coclustering, SlopeOne, 
NMF and Normal Predictor. First, the overall results of the MAE and RMSE for all approaches in Figure 
1. 

 
(a)      (b) 

 

Figure 1 - Results: a - results of MAE for each approach, b - results of RMSE for each approach 
 
Here, brown line – Normal Predictor, orange line is KNN, red line is NMF (Not negative matrix 

factorization), violet line is KNN with Means and grey blue line for KNN Basic, dark green line is 
CoClustering, blue line is BaselineOnly, green line is SVD (Support vector machine) and salad green line 
is for SlopeOne. 

 
 

(a)     (b) 
 

Figure 2 - RMSE results. a - KNN, KNN with Mean, KNN Basic and NMF and b - SVD,  
BaselineOnly, Coclustering, SlopeOne 

 
Figure 2.a shows result of RMSE for some algorithms, which are better than Normal Predictor. Here, 

blue line is KNN, orange line is NMF, green line is KNN with Means and red line is KNN Basic. In 
Figure 2.b shows top results of RMSE for four algorithms: SVD, BaselineOnly, Coclustering, SlopeOne. 
Here, green line is Coclustering, red line is BaselineOnly, orange line is SVD and blue line is for 
SlopeOne. 
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Figure 3 shows results of MAE for all approaches without Normal Predictor: 
 

 
 

(a)     (b) 
 

Figure 3 - MAE results: a - all approaches, b - good results 
 
In 3.a, orange line is KNN, red line is NMF, brown line KNN Basic, BaselineOnly by violet line, 

green line is Coclustering, pink line is SlopeOne, blue line is SVD, grey line KNN with Mean. Mean 
absolute error returns good results for two approaches: KNN with Means and SlopeOne. Figure 3.b in 
scaled view for approaches with good result: 

Here, the orange line is SlopeOne, the blue line is SVD, the line is for KNN with Means. As we can 
see that the best results of MAE are KNN with Means and SVD predictions algorithms. 

 
4.Conclusion. Recommendation systems make convenient Internet by predicting the right content for 

the right user. But also gives the other problem such as: what kind of approach to use, indeed this method 
is inevitable for a given dataset? This paper discussed the nine traditional approaches and highlighted their 
advantages and disadvantages by evaluation mean absolute error and root-mean-square error. By 
measuring the quality closed SVD and KNNwM algorithms predicted with minimal mean absolute error 
(MAE), but by root-mean-square error (RMSE) the best predictors are SVD and SlopeOne. In table 1 
shown prediction algorithms with values of MAE for spited into 5-fold cross validation. 

 
Table 1 - MAE results of the best approaches for given results 

 
Algorithms Fold 1 Fold 2 Fold 3 Fold 4 Ford 5 Mean Std 

SVD 0.7417 0.7405 0.7347 0.7384 0.7354 0.7381 0.0037 
KNN with Means 0.7501 0.7430 0.7528 0.7511 0.7485 0.7491 0.0034 

 
As we can see that the best results of RMSE are BaselineOnly and SlopeOne predictions algorithms. 

In Table 2 shown prediction algorithms with values of RMSE for spited into 5-fold cross validation: 
 

Table 2 - RMSE results of the best approaches for given results 
 

Algorithms Fold 1 Fold 2 Fold 3 Fold 4 Ford 5 Mean Std 
SVD 0.9418 0.9345 0.9373 0.9353 0.936 0.937 0.0085 
SlopeOne 0.9425  0.9493  0.9477  0.9458  0.9405  0.9452  0.0033 

 
 

А.Ы. Жұбатхан, Ж.А. Бурибаев,  
С.С. Аубакиров, М. Д. Дильмагамбетова, C.А. Рысқұлбек 

 

Әл-Фараби атындағы ҚазҰУ, Алматы, Қазақстан 
 

ФИЛЬМ ҰСЫНУ ЖҮЙЕЛЕРІНЕ АРНАЛҒАН МАШИНАЛЫҚ  
ОҚЫТУ МОДЕЛЬДЕРІН САЛЫСТЫРУ 

 
Аннотация. Қазіргі интернет тенденциясы қолданушыға нақты әрі қажетті контентті ұсынуды сөзсіз 

орындайды. Осы мақсатта ұсыныс жүйелері музыка, кітап, фильм, саяхат жоспарлау, электронды сауда, білім 
беру және тағы басқа салаларда қолданылады. Әлемдегі ең танымал ұсыныс жүйелерінің бірі – Netflix. Бұл 
карантин кезінде 2020 жылдың бірінші маусымында пайда түсіру жағынан рекордқа жетті.  
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Ұсыныстарға жүйелі көзқарас пайдаланушылардың таңдауының, ұнатуының және шолуларының тари-
хына негізделген, олардың әрқайсысы болашақ пайдаланушылардың сайлауын болжау ретінде түсіндіріледі. 

Мақала мазмұнға, бірлескен сүзгілеу және танымалдық секілді түрлі ұсыныс жүйелерінің талдамасына 
негізделген. Қолданыстағы модельдерге қатысты мәселелерді талқылау үшін 2005 жылдан 2019 жылға дейін 
жарияланған 7 мақаланы қарастырдық. Мақаланың мақсаты – ұсыныстар жүйесі үшін Surprise кітапханасын-
дағы машиналық оқыту алгоритмдерін салыстыру. Ұсыныстар жүйесі бағдарламаланды әрі MAE және RMSE 
сапа көрсеткіштерін қолдану арқылы бағаланды. 

Түйін сөздер: ұсыныстар жүйесі, машиналық оқыту тәсілдерін талдау, Surprise кітапханасы, бірлескен 
сүзгілеу әдісі. 
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СРАВНЕНИЕ МОДЕЛИ МАШИННОГО ОБУЧЕНИЯ  
ДЛЯ СИСТЕМ РЕКОМЕНДАЦИЙ ФИЛЬМОВ 

 
Аннотация. Интернет-тенденция делает неизбежной презентацию нужного контента для нужного 

пользователя. С этой целью рекомендательные системы используются в таких областях, как музыка, книги, 
фильмы, планирование путешествий, электронная коммерция, образование и т.д. Одна из самых популярных 
систем рекомендаций в мире – Netflix, которая принесла рекордную прибыль во время карантина в первом 
квартале 2020 года.  

Систематический подход к рекомендациям основан на истории пользовательских выборов, лайков и 
обзоров, каждая из которых интерпретируется как предсказатель будущих выборов пользователей. 

В этой статье представлен содержательный анализ различных систем рекомендаций, таких как кон-
тентная, совместная фильтрация и популярность. Мы просмотрели 7 статей, опубликованных с 2005 по 2019 год, 
чтобы обсудить вопросы, связанные с существующими моделями. Цель этой статьи - сравнить алгоритмы 
машинного обучения в библиотеке Surprise для рекомендательной системы. Внедрена система рекомен-
даций, и качество оценено с использованием показателей функций MAE и RMSE. 

Ключевые слова: рекомендательные системы, анализ подходов к машинному обучению, библиотека 
сюрпризов, коллаборативная фильтрация. 
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