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WEB AND ANDROID RECOMMENDER SYSTEM FOR STREAMING
SERVICES USING APACHE DRILL

Nikola Mekić138 Aleksandar Simović 139

Abstract: This paper presents the development of a recommender system for streaming services for mobile and Web
applications using an interactive data-intensive Apache Drill framework. An innovative approach to utilizing Apache
Drill to realize a hybrid recommendation system model by integrating various information technologies is described. A
robust and reliable system has been designed and implemented, which, with its functionalities, allows personalized
content recommendations of interest to users.
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1. INTRODUCTION

Streaming services have become an indispensable part of the modern digital age. They represent a
technology that allows users to access an extensive library of music content without downloading physical
copies of music tracks. As with all systems, today's popular services, such as Deezer, Spotify, and iTunes,
can improve the personalization and accessibility of the content. The primary goal of this work stems from
several critical motives for improving user experience by recommending personalized content of greater
interest to users. First, the exponentially fast development of information technologies means that
recommendation systems occupy an essential role in different domains and require the integration of
different technologies and application methods [1]. Second, low-latency distributed query mechanisms for
large data sets, including structured and semi-structured data, require a technological framework applicable
to Big Data analytics [2], and crucially, the quality of the personalized recommendation system depends on
the integration of multiple data sources, which in many ways can affect both the quality of the
personalization service and the user's satisfaction with the received recommendations [3], and the example of
Netflix proved to be a critical factor in the "retention" of users on this service [4]. In their paper, Hausenblas
and Nadeau describe the functionalities of Drill and its general application [5]. Bløtekjær describes
combining the Drill system with other data processing services [6]. At the same time, official documentation
presents Apache Drill - A schema-free SQL Query Engine for Hadoop, NoSQL, and Cloud Storage [7].

The primary goal of this work is to create a streaming service that will provide users with a unique and
personalized experience by recommending music content of greater interest, both on mobile and on the Web
application. Existing music streaming services already tap into personalization to a degree, but Apache Drill
opens the door to far deeper individualization. Streaming platforms could tailor recommendations with
unprecedented precision by harnessing Apache Drill's capacity for real-time analysis of diverse data sources.
This could involve adjusting playlists based on user behavior, environmental context, and even social media
trends, all processed in real-time. The result is a listening experience that's not just personalized but truly
dynamic, reflecting each user's unique preferences and current situation without resorting to static,
one-size-fits-all playlists. Analyzing the application of Apache Drill to create a personalized system of
recommendations, we found a minor application of this service. In this paper, we tried to compensate for this
deficiency.

The designed system shown in the paper is functional, operational, and available on the Web location
[8].
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2. APPLIED TECHNOLOGIES FOR SYSTEM
DEVELOPMENT

2.1.Java programming language and Android Studio
Object-oriented high-level programming language Java based on the WORA (Write Once, Run

Anywhere) concept, which implies writing Java code on any device, has been implemented to provide the
functionality of running software on any device [9]. At the same time, Android Studio is applied as a
development environment for creating applications for Android operating systems because it provides
support for error recognition, automatic code completion, refactoring, and other functionalities that help in
writing programs efficiently [10].

2.2.PHP programming language

PHP, as an open-source server-side scripting language, is used to create Web content because it is
focused on working on the server side, where it can manage data, generate dynamic content, and receive and
send data [11], which is also its primary function in the realized system. It was chosen for several
advantages: it works on most operating systems compatibility with Apache and Microsoft IIS servers,
simplicity of syntax, the possibility of working with many databases, and easy integration with HTML [12].

2.3.JavaScript, Ajax, and jQuery
JavaScript, a dynamic object-oriented programming language that forms an indispensable part of Web

pages, allowing them to be more than just static documents [13], was used in the realized Web application to
design its programming logic. At the same time, AJAX was chosen for functionality such as sending HTTP
requests to the server without necessarily refreshing the page [14]. The open-source jQuery library was used
for JavaScript functionality and the realization of animations and AJAX requests.

2.4.MySQL and PostgreSQL

One of the main reasons for using MySQL, one of the most famous open-source relational database
management systems, in designing a Web application is its compatibility with PHP. It efficiently stores
structured data and executes complex SQL queries [15]. In case of a need for greater database flexibility, this
system can be replaced or combined with one of the non-relational database management systems such as
MongoDB or Cassandra.

Like MySQL, PostgreSQL, as an open-source relational database management system, supports the
standard SQL syntax for executing queries but also offers numerous additional functionalities that make it
more flexible [15]. Due to the possibility of using transaction logs that enable the recording of all changes in
the database and the possibility of data versioning through the functionality of Table inheritance, PostgreSQL
was chosen for storing historical data, which is its sole purpose in the designed system.

2.5.Apache Drill
A vital component of the technological framework of the designed system is Apache Drill, a distributed

system for interactive ad-hoc analysis of big data. The system can support petabytes of data shared across
several thousand servers. The primary goal of Drill is to respond to ad-hoc queries as quickly as possible [5].;
supports a wide range of NoSQL database systems, including HBase, MongoDB, MapR-DB, HDFS,
MapR-FS, Amazon S3, Azure Blob Storage, Google Cloud Storage, Swift, NAS, and others. Just one query
can aggregate data from multiple different sources. For example, it is possible to associate user profiles from
a MongoDB database with a directory or data in Hadoop [7].

Apache Drill's prowess in handling vast datasets for personalized experiences finds another excellent
application in cloud gaming, where it can optimize streaming quality and tailor game recommendations,
ensuring seamless play on any device without the need for high-end hardware [16].

The following chapter provides a detailed description of Apache Drill's operation in the designed and
implemented system.
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3. DESIGN OF THE PROPOSED MODEL

The amount of data has grown exponentially in the last ten years, as has the number of formats and types
[17]. The data is not optimally organized for ad-hoc analyses. Data analysts often encounter various types of
data like JSON, XML, and CSV, which are stored in MongoDB, Hadoop, or MySQL, so collecting and
organizing them is challenging and time-consuming. Also, when analyzing Big Data, users need to get the
result of the requested query in real time without being limited by creating schemas before analyzing the
data. With Apache Drill, all of the above is possible. Drill consists of the Drillbit daemon, which can be
started online on a local server or one of the nodes within the Hadoop cluster and executes SQL queries on
them [6], which makes Drill a completely independent piece of software capable of performing the required
task independently of the environment in which it is located.

The key components of Apache Drill are presented on the right in Figure 1:

● RPC (Remote Procedure Call) endpoint provides a mechanism for accepting queries from the
client and enables communication between the client and Apache Drill. The RPC endpoint ensures
that queries are successfully transmitted from clients to the Apache Drill cluster, allowing interaction
and sending requests to execute queries.

● SQL parser parses the SQL queries sent to Apache Drill. It interprets the query syntax and turns it
into an internal representational tree, a logical plan. Usually, the logical plan is present in the
memory as Java objects, but it also has a textual form [5]. The SQL parser ensures the correct
interpretation of the SQL query and checks that the query is correctly written before it is passed on
for processing.

● Optimizer is the crucial component that receives the logical plan generated by the SQL parser and
optimizes it for the best performance. The optimizer analyzes the logical plan and considers data
availability, node distribution, and execution capabilities to generate an efficient physical plan. The
physical plan describes the specific operations and scheduling of work on the cluster nodes.

● Storage engine interface: Drill is designed to support a variety of data sources, from local hard
drives to distributed storage like HDFS. This component provides an interface that allows Drill to
access data from various repositories and enables the execution of queries "on the spot" (lat. in-situ)
compared to traditional systems. There is no need to load data, create and maintain schemas, or
transform data before processing. Instead, it is possible to include a link to a Hadoop directory or a
MongoDB data collection in the SQL query [7].

4. SYSTEM OPERATION MODE

In order to demonstrate the effectiveness of the proposed recommender model using Apache Drill, two
applications were developed: (I) an application for Android operating systems and (II) a Web application
intended for streaming music content. Through both applications, users can listen, rewind, and "like" songs,
create playlists, arrange playback orders, and search for songs, artists, albums, and public playlists. Figure 1
shows all components of the designed system:

● MySQL – stores data about songs, artists, albums, playlists, and likes.
● PostgreSQL – performs storage of data on the history of user activities.
● Apache Drill – unifies and displays data from MySQL and PostgreSQL databases.
● API – interacts with Android and with the Web application. It allows both applications to enter data

into MySQL and PostgreSQL databases and read data from MySQL, PostgreSQL, and Apache Drill.
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Figure 1 − Block diagram of the realized system [18]

Apache Drill is located locally on an Ubuntu operating system. MySQL and PostgreSQL started, and
the JDBC drivers were installed, including the paths where they are located in the configuration section.
Figure 2 shows the PHP communication API with Apache Drill that allows song recommendations to the
user based on genres and artists. The Client URL PHP library sends a query to Drill via an HTTP request,
and if it receives a response, the results are printed via the built-in PHP echo function.

Figure 2 − PHP communication with Apache Drill in the function of the recommendation engine

Apache Drill, in the function of the recommendation engine based on the user's listening history from
the table in the PostgreSQL database, gives the identifiers (IDs) of the songs the user has not listened to,
which are of the same genres and artists. After that, it merges the identifiers with the data from the MySQL
database, which contains more detailed information about each song, including song name, artists, genre,
path to image display, path to mp3 file, and number of listens.

When the user accesses the home page of Android and Web applications, HTTP requests are sent to the
presented PHP code. In the Android application, it was done using the Volley library, while in the Web
application, jQuery/AJAX functionality was used. Figure 3 shows sending an AJAX request to a PHP file
that prints song recommendations. jQuery accepts JSON data and arranges it into tabs representing songs
with their details.
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Figure 3 − Recommendation execution

If the user has listened to at least one song, sections for song and artist recommendations will appear on
the home page. Figure 4 shows the user interface of the home pages of the Web and the Android
applications. The songs were correctly recommended based on the genres and artists listened to, and only
those songs the user had yet to listen to were recommended based on the user's personalized preferences and
interests140.

140 Program codes are fully covered and, in detail, presented in Mekić's Master's thesis, Recommender system for streaming services
using Big Data and mobile technologies, Information Technology School in Belgrade, Serbia, 2023 [18].
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Figure
4 − Home page frontend view for song and artist recommendation – Web application on the left and Android

application on the right [8]

5. CONCLUSION

Recommended content shows that using Apache Drill to analyze a large dataset of music content
enabled the development of an efficient and scalable recommendation system. What particularly stands out
as a contribution of this research is the application of Apache Drill in the context of a recommendation
system for streaming services. Previous research has mainly focused on other technologies and tools [1]-[3].
At the same time, this study is, to our knowledge, the first to explore Apache Drill's potential in the
recommender systems domain.

The work provides insight into how Drill can effectively process large data sets in the context of
personalized music recommendations. Analyzing Apache Drill's performance in this context offers valuable
guidance for the music streaming industry and other platforms that want to provide customized music
recommendations to their users efficiently. Further research in this area may focus on incorporating
additional contextual factors, such as geographic location or mood, to improve the personalization of music
content recommendations further.

Exploring the integration of advanced technologies, such as deep learning neural networks, gradient
boosting, and collaborative filtering techniques, might enhance the system's efficiency and accuracy in
delivering more personalized and context-aware music recommendations.
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Conclusion 

The International Multidisciplinary Conference "Challenges of Contemporary Higher 
Education" (CCHE) 2024 has successfully convened a diverse group of scholars, 
researchers, educators, social community members, governmental representatives, 
employers from the economy sector, and students from around the world. The discussions 
and research presented have underscored the multifaceted challenges and opportunities 
that contemporary higher education faces. 

Interdisciplinary Collaboration: The conference emphasized the importance of 
interdisciplinary collaboration in addressing complex challenges. The range of topics, from 
Medical Sciences to Language for Specific Purposes, showcased that solutions in one field 
can often be informed and enriched by insights from another. 

Global Participation: The hybrid format of the conference ensured that voices from around 
the world were heard, reinforcing the idea that higher education challenges are global in 
nature, and solutions must be sought in a collaborative, international context. 

Innovation in Higher Education: Numerous papers presented innovative approaches to 
pedagogy, technology integration, and institutional collaboration. These innovations are 
pivotal for higher education institutions to remain relevant and effective in a rapidly changing 
world. 

Stakeholder Engagement: A standout feature of the conference was the active participation 
and collaboration of various stakeholders. Members of social communities provided 
grassroots perspectives, governmental bodies offered policy-driven insights, employers from 
the economy sector highlighted practical needs and expectations, and students, the primary 
beneficiaries of higher education, voiced their aspirations and concerns. This holistic 
engagement ensures that the strategies and solutions discussed are comprehensive and 
grounded in real-world needs. 

Future Directions: The conference underscored the importance of continuous dialogue and 
collaboration among all stakeholders. Institutions are encouraged to foster partnerships, both 
within and outside their disciplines, and with the broader community, to address the evolving 
challenges of higher education. 

Commitment to Excellence: The quality of research and discussions, overseen by the 
Scientific Committee, showcased a collective commitment to excellence in higher education 
research and practice. 
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The CCHE 2024 has set a benchmark for future 
discussions on higher education. The insights gained and the collaborations formed during 
this conference, especially with diverse stakeholders, are expected to have a lasting impact 
on the higher education sector, driving positive change and innovation for years to come. 

Warm regards, 

Dr Branko Savić, professor 

President of the Organizing Committee 
International Multidisciplinary Conference “Challenges of Contemporary Higher Education - 
CCHE 2024”, Kopaonik, Serbia 
conference@cche.rs  
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