
JOHANNES KEPLER
UNIVERSITY LINZ
Altenberger Straße 69
4040 Linz, Austria
jku.at

Author
Milán Sándor, BSc
12328986

Submission
Institut für
Systemsoftware

First Supervisor
o.Univ.-Prof. Dr. Dr.h.c.
Hanspeter Mössenböck

Second Supervisor
Dr. Gergely Kovásznai

June 2025
An Android App for
Tagging Music
Collections

Master’s Thesis

to confer the academic degree of

Diplom-Ingenieur

in the Master’s Program

Computer Science

https://jku.at/


Abstract

Music collections on private devices are getting bigger and bigger, mostly because
of streaming applications, but also because of the easy way to purchase a digital
copy of a music album. A huge collection of music can be cumbersome to navigate
through without getting lost, and it is also difficult to keep track of what kind
of albums are available for listening. Every song has a metadata attribute Genre
that describes the genre of this song. This attribute is very limited, since it can
hold just a single genre tag (e.g. Classic) while a song can usually be described
by multiple genre tags (e.g., Classic, Piano, Beethoven).

The goal of the thesis is to implement an Android app that is light-weight and
capable of all tasks that are needed for playing (MP3) music. In addition, it
should allow users to filter their music collection according to multiple different
genres. Furthermore, it should be possible to update the genre field of songs with
user-defined genre tags, and to search for albums using already existing or newly
introduced tags.

The thesis describes the implementation of such a music player for Android.
Furthermore, it describes the current limitations of accessing and modifying genre
information.
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Chapter 1

Introduction

1.1 Motivation

Most music players do not offer many options for managing music collections.
Traditionally, users navigate their music libraries by searching for song titles,
album names, performers, or music genres. The issue with this approach is that
albums or individual songs often carry more significance than just this essential
information. While users can create playlists, this still presents a similar problem:
each song can only belong to one specific playlist at a time. To categorize a
song differently, it must be added to another playlist, which can quickly become
cumbersome. Additionally, users typically cannot view more than one playlist at
a time, limiting their ability to explore their music collections effectively.

Furthermore, the rigidity of traditional music players makes it difficult to or-
ganize music based on any uniqueness, instrument, personal context, mood, or
situation. For example, users might want to categorize a song by the genres
“Rock”, “Pop Rock,” “Orchestra,” and “180BPM.” Not considering traditional
aspects of songs, categorization could also involve tags like “Running,” “Read-
ing,” or “Melancholic.” Using Multi-genre categorization, users would be able to
search for all these genres individually or in combination.

Using MP3 metadata would also allow for storage efficiency and prevent the use of
servers to save individual users’ modifications to their music. This approach can
transfer this information to another device with the songs, and the application
already detects the original and modified tags.

In conclusion, saving genre categorisations on the MP3 file prioritizes user privacy
by ensuring that all modifications and categorizations are kept local to the user’s
MP3 file. This design choice not only upholds user privacy but also allows the
application to work offline, enhancing accessibility and reliability.

1.2 Objectives and Approach

The objective of this thesis is to develop an Android application written in Kotlin
with the tagging functionality described above. It only supports MP3 as a music
format for playing music and modifying metadata. In the application, the music
collection is shown by albums, and selecting the album should display the album’s
songs. The album list should be searchable by selecting one or several tags loaded
from the MP3 file metadata. As a result, all albums should be displayed whose
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1 Introduction 2

songs have all the selected tags. It should be possible to edit and delete tags and
to define new ones (but tags should only be saved when they are assigned to at
least one song). When a tag is assigned to a song in a specific album, it should
automatically be assigned also to all other songs in that album. The application
should be able to handle all the permissions that are needed to play music and to
modify music file metadata. All the changes that have been made to the metadata
should be permanent.

The implementation has the following characteristics:

It has support until Android 14 “Upside Down Cake” released on October 4,
2023

Programming language: Kotlin

UI framework: Jetpack Compose

3rd party library used for tagging purposes: JAuditagger

1.3 Outline

The thesis is structured into five main chapters:

Chapter 1: Introduction

Chapter 2 deep dives into the technology that is used.

Chapter 3 describes how the application’s architecture is organized

Chapter 4 presents the algorithms, source code and UI of the most important
elements that are present in the application

Chapter 5 concludes the thesis with a summary and future work recommen-
dations



Chapter 2

Background

This chapter introduces the essential technologies used to achieve this thesis.
The following sections provide detailed information about each technology, ex-
plaining its core concepts, features, and significance in the development process.
Understanding these technologies is crucial for comprehending the implementa-
tion details discussed in later chapters. The chapter begins with the operating
system Android that the application was developed for, and after that, it de-
scribes the programming language Kotlin and its features. It describes the reason
and features of the UI framework that Kotlin works well with. At the end, it
describes MP3 audio files and how the JAudiotagger library for Kotlin and Java
can access and modify them.

2.1 Android

Android is a software package and Linux-based operating system for mobile de-
vices such as tablets, computers, smartphones, and smartwatches, as well as for
some specific devices that can run Android, such as smart TVs or car players. [7]

The Android platform includes an operating system based on the Linux kernel, a
GUI, a web browser, and end-user applications that can be downloaded. Although
the initial demonstrations of Android featured a generic QWERTY smartphone
and a large VGA screen, the operating system was written to run on relatively
inexpensive handsets with conventional numeric keypads. Android was released
under the Apache v2 open-source license, allowing many variations of the OS to be
developed for other devices, such as gaming consoles and digital cameras. Android
is based on open-source software, but most Android devices come preinstalled
with a suite of proprietary software, such as Google Maps, YouTube, Google
Chrome, and Gmail. [19]

2.1.1 Overview

Android, Inc. started developing the Android operating system in 2003 and was
purchased by Google in 2005. The beta version of Android OS was released on
November 5, 2007, while the software development kit (SDK) was released on
November 12, 2007. The first Android mobile was publicly released with Android
1.0 of the T-Mobile G (aka HTC Dream) in October 2008. [15] The latest available
version is Android 15, released in September 2024. Android 16 is available for the
first developer preview since November 2024. [1]

3



2 Background 4

Android versions from minimum SDK of 24:

Version Code Name Important Features

7.0 Nougat Split-screen, bundle notification by app

8.0 Oreo Project Treble for more standardized soft-
ware updates

9.0 Pie Multifunctional home button

10 Android Q Dark theme, back button removed

11 Red Velvet Cake Built-in screen recording, multiple plat-
form message app

12 Snow Cone Extended privacy options: sharing access
information

13 Tiramisu Security update for app access

14 Upside Down Cake Data sharing policies for third-party apps

15 Vanilla Ice Cream Security updates include Play Protect to
monitor for suspicious behavior

Table 2.1: Android versions with their version number, code name, api level, and
introduced new features. [1]

2.1.2 Architecture

The Android Open Source Project (AOSP) can be downloaded and modified by
anyone for their device and purpose. AOSP has two levels of device compatibility:
AOSP compatibility and Android compatibility. To satisfy AOSP compatibility,
a device must conform to the requirements in the Compatibility Definition Doc-
ument (CDD). To satisfy Android compatibility, the same requirements must be
satisfied with the CDD, but the Vendor Software (VSR) requirements also need
to be satisfied. [5]
The software stack for AOSP has the following layers: [5]

Android app: An application developed exclusively using the Android API.

Privileged app: An application developed using only Android and system
APIs.

Device manufacturer app: In addition to Android and system APIs the ap-
plication has direct access to the Android framework implementation. This
access can result in access to unstable APIs.

System API : These are the APIs that are represented with the @SystemApi
decorator in the source code. These are only available to partners and OEMs.
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Android API : The API, that is publicly available for developers to create
third-party Android applications.

Android framework: This runs inside an app’s process. It includes Java classes,
interfaces, and precompiled code upon which apps are built. Some of it is
accessible via the Android API, while the other part is available only to
OEMs through system APIs.

System services: They are modular and focus on components like sys-
tem_server, SufraceFlinger, and MediaService. It communicates with system
services to access the hardware.

Android runtime (ART): Provided by AOSP, it’s a Java runtime environ-
ment. Translates the app’s bytecode into instructions specific to the proces-
sor, which are executed by the device’s runtime environment.

Hardware abstraction layer (HAL): Abstraction layer that has a standard
interface for hardware vendors to implement.

Native daemons and libraries: Native daemons include init, healthd, logd, and
storaged. They aren’t dependent on the userspace-based HAL implementa-
tion, but interact directly with the kernel or other interfaces. Native libraries
include libc, liblog, libutils, libbinder, and libselinux.

Kernel: This kernel serves the same purpose as any other kernel in operating
systems. It is the central part of the OS and communicates with the hardware
on the specific device.

Figure 2.1: AOSP layers. [5]
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According to the AOSP software stack’s definition, the music tagging application
is an Android app that uses one additional third-party library, JAuditagger, which
will be mentioned later in the thesis. The Android API contains the following
libraries in addition to the core one: Jetpack, Device, Other, Google Play, and
Google Assistant.

The application primarily utilizes Jetpack libraries, specifically AndroidX and
Jetpack Compose. AndroidX is the refactored version of the Android APIs that
are not bundled with the operating system. The Jetpack Compose toolkit was
chosen to build the native Android UI instead of using the XML format. This de-
cision was made to simplify and accelerate UI development, as Jetpack Compose
has a strong integration with Kotlin APIs. From other libraries provided by the
Android API Material Components were used to achieve a balance design for the
app. Android Gradle Plugin were used to support the builds and handle all the
different libraries that were included in the dependencies. [2]

2.2 Jetpack Compose

Jetpack was introduced with the first stable version in summer 2021. It’s An-
droid’s modern declarative native toolkit for building UIs. The intention behind
it is to create applications that need less code, be powerful tools, and have intu-
itive Kotlin APIs. It also allows rendering the app UI without mutating frontend
views. [13] [12]

2.2.1 Declarative style

In the past, Android apps used an imperative style to create UIs. This meant
that the view hierarchy was represented as a tree of UI widgets. So, when the
app’s state changed, the UI hierarchy needed to be updated to display the current
data. To achieve this, often the findViewById() function was used to walk this
UI tree, and on the specific node, the specific modification methods were called,
like button.setText(), container.addChild(). The outcome of this was that the
widget’s internal state was changed by this method. [12]

This manual manipulation of views can result in errors, especially when data
is rendered in multiple places, and some of those elements can be forgotten.
Another issue could be that two updates conflict unexpectedly. For example, an
update might try to set a new value for a node that was already removed. The
mentioned issues could grow with the app, and all these complications can lead to
difficult-to-maintain software. Some applications developed for Android still use
this imperative style, but the Android documentation strongly recommends the
use of Jetpack Compose, which uses a declarative way to represent the UI. [12]

The declarative UI model solves the imperative style problems by conceptually re-
generating the entire screen from scratch and applying only the necessary changes.
The user interface can be created by defining a collection of composable functions
that take in data and emit UI elements. [12]

Characteristics of the composable functions: [12]
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Each function has an annotation @Composable. The purpose of the anno-
tation is to notify the Compose compiler that the function is intended to
convert data into UI.

Can accept parameters, so app logic can describe the UI.

Composable functions generate a user interface hierarchy by invoking other
composable functions.

The functions do not return any value. Instead, the desired UI screen state is
described in the function logic. This has the benefit of eliminating the need
to construct UI widgets.

The functions are free of any side effects, which means they behave the same
way if they are called multiple times with the same arguments and don’t use
global or random variables.

As mentioned before, imperative object-oriented UI toolkits create a UI by cre-
ating a tree of widgets. Each widget has its internal state, which can be modified
by a setter, and the state of the widget can be retrieved with a getter. In Jetpack
Compose the widgets don’t expose setter or getter functions, not even widgets
exposed as objects. The update is made by calling the same Composable function
but with different arguments. This behavior type helps construct the application
in a ViewModel architectural pattern. The Composable can provide a state to
the ViewModel, and the Composables are responsible for transforming the appli-
cation state to UI each time observed data is updated. [12]

The data visualization and update process in an app that’s UI constructed with
Jetpack Compose are described in Figures 2.2 and 2.3:

Figure 2.2: Data is provided to the top-level composable from the application
logic. The top-level composable creates the UI based on the other
composables it calls and injects them with the necessary information
down the hierarchy. [12]
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Figure 2.3: After the user interacts with any UI element, an event is triggered.
The application logic reacts to the event, and after it responds, the
composable functions are called again automatically with new param-
eters if necessary. [12]

The dynamic content is achieved with Jetpack Compose because composable
functions are written in Kotlin, so the content will be as dynamic as the Kotlin
code. To make the Android application’s implementation faster, the decision was
based on this good harmony between Kotlin as the programming language and
Jetpack Compose as the UI tool. Another option to achieve a native Android
application would have been to use Java/Kotlin with XML UI elements, but that
would have had the complications of the imperative style. [12]

2.3 Kotlin

Kotlin is a general-purpose programming language, similar to Java, C++,
JavaScript, and C#. It’s an open-source, statically typed language that can be
used for object-oriented and functional programming. Its syntax and concepts are
similar to C# and Java. Kotlin was inspired by all the programming languages
that already existed. There are variants of Kotlin targeting the Java Virtual Ma-
chine (JVM), JavaScript, or native code. [8]

Kotlin was only released in February 2016, so it’s still considered a new language
compared to the languages it was inspired by. Initiated by the JetBrains company,
the Kotlin project officially started in July 2011. The first intention was to create
a language that targets the JVM. An application that targets the JVM can
be executed on any platform that has JVM support. Originally, the JVM was
designed to run programs developed in Java, but now also Kotlin, Scala, and
Clojure can compile code to run on the JVM. [14]

In May 2019, Google announced that Kotlin is the preferred language for Android
application development. The Kotlin Foundation, JetBrains, and Google now
manage Kotlin. Some Android APIs are Kotlin-specific, for example, Android
KTX. Most are still written in Java, but it is entirely possible to call them from
Kotlin. The reason is that Kotlin is compatible with Java, so it is also possible
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to call Kotlin code from Java. Kotlin is well-supported for Android development
in the Android Studio IDE. [8] [14]

Summary of the benefits of using Kotlin as the programming language: [14]

Simple and flexible

The nature of its syntax is concise.

Compatibility with Java, which gives a wide range of libraries that can be
used.

Kotlin programs can also be natively run on the host operating system, which
can result in performance benefits

Complete support for Android and dedicated APIs

Over 70% of Google’s applications use Kotlin. The most common applications are
Maps, Home, Play, Drive, and Messages. According to the Android team, when
Google Home migrated the new features to Kotlin, it reduced the codebase size
by 33% and reduced the number of Null Pointer Exceptions (NPE). [4]

2.4 MP3 Audio File

Most music files in the market are in MP3 file format. Searching and identifying
MP3 files (i.e., music pieces) can not only be based on their names but also
on extra information such as artist, album name, genre, and more. This kind
of information is called metadata. MP3 files include this information associated
with the song they contain. [16]

2.4.1 MP3 File Structure

MP3 files are MPEG audio files. There is no main header in such files. This is
because the file is built up from a succession of smaller parts called frames. Each
frame has a data block with its header and audio information. [16]

The older generation of the MPEG audio files Layer I (MPEG-1 Audio Layer I )
and Layer II (MPEG-2 Audio Layer II ) the frames are totally independent of
each other. A cut can happen in any MPEG audio file and the file would still be
playable. The only side effect is that the player will start the music from the first
fully valid frame that it finds. [16]
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Figure 2.4: Simplified structure of MPEG Audio Layer-3 File

With Layer III or MP3, this is not always the case. Frames can be dependent
on each other. This is because of the possible use of the byte reservoir. A Byte
reservoir is an internal buffer, making frames depend on each other. The worst
scenario is that nine input frames are needed to decode one single frame. For
information to be retrieved about an MPEG audio file, only the first frame needs
to be located, and the information will be in its header. This means that other
frames need to resemble the first one. Only the bitrate is excluded. The reason is
that there is some additional information in the variable bitrate (VRB) file. VRB
is used to maintain sound quality throughout the file. [16]

The first twelve bits of a frame header are always set to 1 and are known as frame
synchronization. After the frame header, there is an optional CRC checksum. The
CRC is 16 bits long and used to check the MPEG validity. If CRC exists in the
audio file, then the audio data comes right after this checksum. If CRC is missing
the audio file comes right after the frame header. [16]

In this thesis, the application uses the second version of the ID3 tag and from
ID3v2 version 4 ID3v24 to handle MP3 files in the same digital metadata for-
mat. The JAudiotagger can read each tag format, but for easier modification, it
converts or generates the ID3v24 tag version.
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Figure 2.5: Represents the MPEG Metadata mapping for ID3v2 version 2, 3,
4 [18]

2.5 JAudiotagger

I decided to use the JAudiotagger library created by JThink Ltd. to handle the
genre metadata of the MP3 audio files. This library is also used by the Jaikoz
and SongKong applications to tag data in audio files. It supports MP3, MP4,
Ogg Vorbis, Flac, Wav, Aif, Dsf, and Wma audio file formats, but for the scope
of the thesis, only MP3 tagging features are used. [17]

The library is free to use under the terms of the Lesser General Public License.
The only license restriction is not to modify the functions. The benefits of its use
are: [17]

Written in Java, so also compatible with Kotlin

Supports ID3 Tag all versions within MP3

Easily converts ID3 tags in-between versions

Unicode Text Encoding support

Have an automatic test suite to ensure code compatibility between versions

Tested and checked with code coverage tools to make sure the entire code is
tested

Figure 2.6: Shows the Genre attribute metadata fields for ID3v2 version 2, 3, 4.
TCON (Content Type) frame represents predefined values and simple
texts, for example: TCON: (17) equals "Rock", or TCON: Rock. [18]



Chapter 3

User Guide

This chapter provides a comprehensive user guide for the application. It explains
how to set up the app for the first time, play music, and manage genre tags,
including adding new tags, deleting existing tags, removing tags from songs, and
assigning new or existing tags to songs.

3.1 Setting up the Application

When opening the application for the first time, the user is welcomed by the main
permission view. To proceed to the main application interface, where they can
play music and manage song genres, the user must tap the "Request Required
Permissions" button to approve (or deny) the necessary permissions. It is impor-
tant to note that these permissions (the number of required permissions depends
on the Android version) only allow the application to read and play music; they
do not grant permission to modify the genre of an MP3 file.

After tapping the "Request Required Permissions" button, a permission dialog
will appear with the message: "Allow MyMusicApplication to access music and
audio on this device?" The user must then tap the "Allow" button to complete
the setup process.

12



3 User Guide 13

Figure 3.1: Shows the Permission-
View.

Figure 3.2: Shows the Permission-
Dialog.



3 User Guide 14

3.2 Application Guide

After setup, the application directs the user to the main interface, which includes
the AlbumListView and a persistent BottomBar. The BottomBar remains visible
across all views within the application. The main view of the application is as
follows:

Figure 3.3: Shows the AlbumListView page with the BottomBar.

The interactive elements of the AlbumListView and the BottomBar :

Cover art of the albums(1): Opens the album’s songs view, green bracket
indicates selected song’s album.

Play/Stop button(2): Stops and continues selected albums.

Next/Previous button(3): Plays the next/previous in the selected song’s al-
bum.

Tag Search button(4): Navigates to the tag search modal.
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As previously mentioned, tapping on an album cover navigates the user to the
album’s songs view. In this view, the user can start playing songs and edit the
tags of the album’s songs.
The album’s songs view and the TagInputDialog:

Figure 3.4: Shows the the album’s
songs view.

Figure 3.5: Shows the the album’s
songs tag manager view.

On the album’s songs view the people see a back button, the album header (with
the cover art, title and the artist), and the list of the album’s songs, with a more
icon on the right side of the first song.
The interactive elements of this view:

Back button(5): Navigates back to the album’s list view.

Song titles(6): By selecting one of the songs it will start that song from the
beginning.

More button(7): Opens the TagInputDialog.

The TagInputDialog contains the dialog title(8), the song’s tags(9), text in-
put(10), and the list of defined tags that the album’s songs don’t have. The
interaction that the user can do on this dialog:

Input new tag(10): By selecting the input field the user can type any text
and with the push of the plus button(12) it can add it to the songs’ tags.

Remove tag(11): By pushing the x button the tag is removed from the songs’
tags list and moved to the existing tags list.
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Select existing tag(13): Opens the TagInputDialog.

Cancel changes(14): Cancels changes and closes the TagInputDialog.

Apply changes(15): By pushing the ”Apply tags”(15) button the user saves
each change. The first time the user changes one of the albums songs’ tags
the phone will ask for permission to modify each song. This is because the
tags will modify the genre metadata field in the MP3 file.

The last view of the application is the TagSearchModal, this can be accessed by
pushing the TagSearchButton(4) when the list of albums are shown:

Figure 3.6: Shows the TagSearch-
Modal

Figure 3.7: Shows the TagSearch-
Modal while modifying a
tag.

The TagSearchModal shows the available number of albums, based on the active
checkboxes, if none is active it shows all of them. The interactive elements in this
view are the following:

Tag checkbox(17): Activating a tag’s checkbox filters the album list to display
only those albums associated with the selected tag. Additionally, the avail-
able tags are updated to show only those that are assigned to the remaining
albums.

Edit button(18): Changes the name of the tag to a text input field.

Remove check(s)(19): By pressing the text it removes all the active checks
from the checkboxes.
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Delete button(20): By pressing the X button the app deletes the tags from all
songs and from the list (before deletion, the app asks the user with a dialog
to make sure the deletion is intended).

Add new tag(21): An input field which allows the user to define a new tag
and add it to the tag list using the "+" button. The newly created tag will
persist after the application is closed only if it has been assigned to at least
one song.

Start search(22): By pressing this button the app navigates back to the
view with thw AlbumListView, which contains the albums that contains the
checked tags.

Checkmark button(23): Saves the changes that are made in the text input
field, and updates the metadata for each song that contains this ta.

Undo button(24): Revert the changes in the text input field, and changes it
back to a simple text.



Chapter 4

Architecture

Android applications are usually constructed from application components, ac-
tivities, fragments, services, content providers, and broadcast receivers. These
components are declared in the AndroidManifest.xml file, and the Android OS
integrates the app based on this information. This system helps with multiple
components and applications that communicate with multiple applications. [5]

Activity: Represents a screen/UI for user interaction.

Fragment: A modular part of an Activity, reusable for UI flexibility.

Service: Runs background tasks independently of user interaction.

Content Provider : Shares structured data between apps securely.

Broadcast Receiver : Listens for system-wide messages or app broadcasts.

4.1 Architecture Principles

The Android developer guide recommends following some programming principles
for the app architecture, such as separation of concerns, driving UI from data
models, single source of truth (SSOT), and unidirectional data flow. [5]

In Android development, separation of concern means that the code shouldn’t
be implemented entirely in the Activity or Fragment classes. The purpose of
these UI-based classes in the code is to invoke the logic that handles UI and OS
interactions. They should be as lean as possible to be more testable and avoid
component lifecycle problems. They are also described as glue classes representing
only the contract between the Android OS and the application. This means the
OS can destroy them if it takes up much system memory based on any user
interaction. [5]

Driving the UI from data models is essential to preventing data losses when the
Android OS closes the app. The data models represent the application data. They
are independent from the UI and other components in the application, and this
independence helps prevent data loss. Another benefit is anything can be tested,
also the UI, so the application can be more robust. [5]

When new data is defined in the app, the data is handled in a Single Source of
Truth (SSOT) manner. This means that the attribute that is assigned to the data
becomes the owner of it. Only this attribute can modify or mutate the data. This
centralizes all of the changes in one place, protects the data from other types, and
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better tracks changes for debugging. These kinds of attributes are represented in
the ViewModel of the application, more on that in this chapter. [5]

The SSOT principle relies on the Unidirectional Data Flow (UDF) pattern. UDF
means that the data flows are only one-directional. Events that alter the data
flow move in the opposite direction. Events are triggered from the lower-scoped
types up to the corresponding SSOT. Data information flows from the SSOT level
to the lower scope, for example, from the data source to the UI. The benefit of
the SSOT and UDF together is that they guarantee data consistency, are easy to
debug, and are less prone to errors. [5]

4.2 Overview

In the music tagging application case, the app contains one activity in the man-
ifest file: the MainActivity.kt. This activity represents the whole application. All
components and content providers are called or declared in this activity and can
be interacted with. No services and broadcast receivers were needed to satisfy the
thesis’s goal.

The application is constructed based on the mentioned principles, follows the
recommended structure, and contains three layers: the UI Layer, the Domain
Layer, and the Data Layer. The UI Layer displays the application data, while
the Domain Layer handles the interactions between the UI and data. The Data
Layer exposes the application data. [5]

The Domain Layer can be optional. Usually, it encapsulates multiple ViewModels.
The ViewModel is a class that holds the business logic and the screen level state.
It is used for caching the state and persists through configuration changes. The
benefit of this behaviour is that the UI doesn’t have to fetch data again when
navigating between composables, or following configuration changes, such as when
rotating the screen. In this application, the business logic is defined at the UI level
or in one big ViewModel, called MusicViewModel. This is because the Data Layer
classes are strongly connected to each other, so it makes sense that they handle
their business logic in one ViewModel on the Domain Layer.

Figure 4.1: High-level architectural representation of Android applications. [5]



4 Architecture 20

In the application, the Data Layer contains a data source that is the phone’s
storage. From the data source, a repository is built that initializes the data classes
based on the data gathered from the data source. The Domain Layer gets the
data information from the data classes and handles the business logic that will
modify the data. The UI Layer represents the UI element that builds the View
Tree of the application and starts the events based on user interactions, with the
necessary logic to be executed. The application’s architecture is shown in Figure
4.2:

Figure 4.2: The application’s high-level architecture from Data Layer to UI layer,
with the direction how data is loaded in the app

The application is described at an architectural level in the following subsections,
and the functionality and purpose of the elements are defined at a higher level.
A detailed description will be provided in the Implementation chapter.
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4.3 Data Layer

The Data Layer of the application is shown in Figure 4.3:

Figure 4.3: Represents the application’s Data Layer with the Data Source of
Phone Storage and the repository generated by the MusicRepository
class. The MusicRepository class includes a value songCahceMan-
ager of type SongCacheManager, as well as the functions getAllMusic,
getGenreByRetriever, albumArtExists, getAlbumArtUri. The getAll-
Music function of the MusicRepository class builds the data classes
of Album and Song.

The application Data Layer contains the data source that provides the data
needed to build the app’s repository, MusicRepository. Based on the phone’s
context, MusicRepository traverses the phone’s storage with the getAllMusic
function and creates the data classes of Album and Song. MusicRepository will
provide the list of albums to the Domain Layer, which will handle the business
logic and any modifications needed based on the UI Layer events.

In the MusicRepository class, there is one helper value named songCacheManager,
which is of type SongCacheManager. The purpose of this object is to cache the
song’s genre metadata to speed up the application’s loading time after the first
start. This will be explained in detail later.

The helper functions in the MusicRepository class are getGenreByRetriever, al-
bumArtExists, getAlbumArtUri. The getGenreByRetriever function is needed in
case there isn’t cached genre information present for a specific song in the app.
The albumArtExists function checks if the song has in its metadata the refer-
ence of the album’s artwork. This check is needed to decide if the search for the
album art is necessary or not. And lastly, MusicRepository has the getAlbumAr-
tUri function to retrieve the reference to the album’s artwork. This function will
return null instead of crushing the app, if the artwork still cannot be retrieved.
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4.4 Domain Layer

The Domain Layer of the application is shown in Figure 4.4:

Figure 4.4: The application’s Domain Layer. The application state is handled in
the MusicViewModel. It contains private values that represent data
that cannot be modified by the UI to prevent data loss, as well as
public values that hold the app’s states. These are the values that the
UI can change. The state of the values will be obsolete when the app
is shut down. Private methods handle the start logic of the app based
on the permission that is given to the app. Public methods are the
state modification methods based on the ViewModel states.
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In the Domain Layer, the MusicViewModel is responsible for handling the appli-
cation’s main logic, i.e., it handles the application’s permission checks to ensure
that every necessary permission is given for reading all the audio files, then the
MusicRepository can build the data that is available in the phone storage. So if
in the checkAllPermissionGranted() method, all isPermissionGranted values are
true, then the loadMusic() app will populate the _albums value with information
processed by the MusicRepository.

The songCacheManager is declared in the ViewModel to ensure that the cached
values are updated after each modification of the genre information, such as
onAddGenreTag(), onModifyTagName(), or onRemoveTag().

Public values and methods, such as album, tags, and onAddGenreTag(), are used
to update the UI state based on the UI event that was sent from the UI. This
will not affect the information that the Data Layer constructed. Still, some of
the modification functions, onAddGenreTag(), onModifyTagName(), onRemove-
Tag(), will not only update the state of the application but will call the global UI
function of updateGenre() that directly send the modified metadata information
to the phone storage so that when the application is opened again from scratch
the Data Layer can load the audio files with the new information. More on the
updateGenre() UI method in the Implementation chapter.
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4.5 UI Layer

Figure 4.5 shows the UI Layer of the application, which has the controller func-
tions and the View Tree:

Figure 4.5: The UI Layer presents the View Tree and the controller functionality
(defined in the MusicPlayerManager.kt file) of the UI widgets, which
are independent of the Domain Layer.

4.5.1 UI Controller

The UI-level functionalities are either globally defined in a separate Kotlin file or
described in the app’s Composable elements, which are part of the Views, with
small statements like the currently playing album should have a green border or
sorting the albums based on the last visit.

The most essential functions and variables are in the MusicPlayerManager.kt.
These handle the media player’s functionality. For example, the mediaPlayer
variable is responsible for starting, stopping, pausing, and resuming songs. The
MediaPlayer class provides this behavior. This class has existed in the Android
API since API level 1. Also, there is the setOnSongEndListener(), which is a
listener and is called when a song ends.

As mentioned before, the updateGenre() function is responsible for updating the
genre metadata in the phone storage. When this function is triggered, the infor-
mation is sent directly to the phone storage. The UI will also update accordingly,
but the Domain Layer handles that.
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4.5.2 View Tree

Figure 4.6 shows the application’s View Tree:

Figure 4.6: The ViewTree represents each defined Composable element in the
application, with two main Composables: Permission and MainAp-
plication. The MainApplication Composable is divided into a Main
Layout and a BottomBar. All Composables are children of these Com-
posables.

The first Composable element rendered in the application is the Permission View.
The MainApplication is only accessible if all the PermissionDialogs are handled
with a granted action. Each granted permission is saved, so after the app starts,
the PermissionDialogs won’t show up again. The only case that the Permission-
Dialog will show again is if the permissions that were given to the app are denied
in the app settings or if the app is reinstalled.

The MainApplication Composable is constructed from the MainLayout and Song-
ManagerComposable, and its children can be accessed based on UI interaction
in the View Tree. The default Composable shown in the MainLayout is the Al-
bumListView. If one of the AlbumCards is clicked, then the AlbumSongView
will take up the Main Layout. The TagSearchModal will take the space of the
Main Layout if the AlbumListView is shown and the TagSearchModal access
button is clicked from the SongManagerComposable. The SongManagerCompos-
able will always be displayed, regardless of the Main Layout, and it also includes
the TagSearchButton and the music player action buttons: play, stop, next, and
previous.
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The AlbumSongView is the most complex Composable element in the app. This is
where the songs are shown. From this view, the TagInputDialog can be accessed.
Here, the songs’ genres are displayed and can be removed, existing genres can be
assigned to the songs, and new genres can also be generated.

The second complex element is the TagSearchModal Composable; this Compos-
able is responsible for showing the available tags that can be filtered. The Header
Composable shows the number of available albums that match the selected tags,
and there is also a button to remove all checked tags. Each TagItem also has some
action buttons. A TagItem can be selected via a Checkbox, edited, and deleted.
At the bottom of the TagList is the TagInput. With that, the user can define new
tags.



Chapter 5

Implementation

This chapter outlines the app’s implementation and details the key features of
Kotlin, the Android API, and the JAudiotagger library as well as the development
process. The development process was oriented towards creating efficient handling
of audio file metadata while simultaneously ensuring a seamless user experience.
This chapter will examine how these technologies are integrated to provide a
comprehensive solution for managing music collections on Android devices.

We will show how the data layer is constructed to organize a collection of music for
the application, the state handling by the app’s view model, and all the features
created for either user experience or fulfilling the tagging mechanism of the song
metadata.

Key aspects of the implementation include:

Kotlin’s modern language features with Android development

Utilization of Android API components for UI and system interactions

Usage of the JAudiotagger third-party library for updating audio metadata

Performance optimization strategies for handling audio metadata I/O streams

The following sections will detail these aspects, beginning with a description of
the key Kotlin features utilized throughout the application.

5.1 Kotlin’s Key Features

5.1.1 Programming paradigms

As mentioned in the Background chapter, Kotlin is a general-purpose language
or, in other words, a hybrid programming language. This means Kotlin allows the
utilization of a combination of different programming paradigms. It allows the
writing of procedural code, the use of objects in an object-oriented programming
style, and functional programs. [14]

Procedural Programming: A program is structured as a sequence of instruc-
tions that tells the computer what to do. The structure is provided by the proce-
dures and/or functions. Control structures like if statements and loops determine
the execution flow and frequency of steps performed. Programming languages
that use this paradigm are C and Pascal. [14]

27
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Object-oriented Programming (OOP): The term OOP refers to a program-
ming structure based on the concept of objects communicating with each other
to create applications or computer programs. Objects have characteristics (data
or attributes) and actions (methods or behaviors). The four OOP fundamentals
are encapsulation, inheritance, polymorphism, and abstraction. [14]

Functional Programming: Functional Programming is a paradigm that focuses
on functions and function composition. It sees computation as the evaluation
of mathematical functions and, therefore, attempts to minimize state change
or variable data. For instance, functional programming includes pure functions
that provide the same output given the same input. It cannot be altered by
higher-order functions, which take other functions as input or produce them as
output. [14]

5.1.2 Variables

The Kotlin programming language is statically typed, which means variables’ data
types are determined at compile time. It is not dynamically typed, the types of
variables cannot change after compilation. Other famous statically typed pro-
gramming languages are Java and C#. Dynamically typed languages like Python
and JavaScript give much flexibility, but type safety can outweigh the pros for
the statically typed language. It will prevent stumbling onto unexpected errors
regarding which type a variable has. [14]

In Kotlin, the type doesn’t have to be specified; it is still possible, but the assign-
ment of a value to the variable will identify what type it is. It only depends on
the developer’s preference whether variables are explicitly declared with a type
or not; there is no difference between the two on the code level. [14]

Variables in Kotlin are different from those in Java. A new variable can be declared
in two ways: with the keyword val or var. The difference is that the value of a val
variable cannot be changed; values declared with the var keyword can be changed
as many times as needed. The val value is called an immutable value. The benefit
of its introduction is that an immutable value reduces the possibility of unwanted
modifications, and is safe to share between multiple threads at the same time. [14]

5.1.3 Class and Data Class

Class: Classes are the core building blocks of languages that use the OOP
paradigm. OOP structures applications in which data is bundled in classes where
operations can be performed on the data. These classes can also be accessed by
instances that have the class as their type. A class structure can contain mem-
ber properties and member functions. Member properties are the data defined
in a class; member functions are the behavior of an instance. Classes with this
structure help provide a more structured way of creating instances, and simi-
lar instances do not need to be defined individually. In most cases, it represents
real-world entities. In this application case, the data classes will be closer to
real entities, like Song and Album, and the other classes will represent abstract
entities like MusicRepository, MusicViewModel, and MainActivity. [14]
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Data class: In OOP programming languages, the traditional Class types are
simple classes, abstract classes, and nested classes, but in Kotlin, there is an
additional class type: the data class. It is used for data-oriented concepts. This
means it mainly contains member properties and not functionalities. In the appli-
cation scope, the data classes don’t contain member functions, not even equality
or string conversions, which they usually do. Compared to class implementation
data classes have an extra keyword data before keyword class. In the construc-
tor, the properties must be vals and/or vars. A data class requires at least one
primary constructor parameter, it isn’t possible to define a plain constructor. [14]

1 data class Album(
2 val albumName: String,
3 val artistName: String,
4 val songs: List<Song>,
5 val albumArtUri: String?,
6 var genre: String,
7 var lastVisited: Long = 0,
8 )

Listing 5.1: Example data class from the application.

5.1.4 Functional Programming

Lambda expression: It is a literal definition of a function, a more straightfor-
ward approach to an anonymous function. A lambda function is a simple version
of an anonymous function, which describes a single expression with fewer con-
straints, meaning that the lambda expressions don’t declare explicit return type.
In anonymous functions the return type can be specified, and also could contain
multiple return statements, but if the anonymous function contains a single ex-
pression, then it can be described as a lambda function. In a lambda function, no
return statement is declared explicitly. The Kotlin compiler will handle it. The
expressions are always in curly brackets and can be assigned to variables. Before
the expression and “->” characters, the parameter list can be defined. Lambda
functions can have 0 parameters, or as many as the developer describes separated
by a “,”. The type of the parameters and the return value can also be stated if
the developer wants to. [14]

Example of lambda expressions:
1 val sum: (Int, Int) -> Int = { x, y -> x + y }
2 val summarization = { x: Int, y: Int -> x + y }

Listing 5.2: The first variable states that it’s a lambda expression that accepts two
integers as parameter and returns one, the second lambda expression
states only the lambda parameters’ type. The Kotlin compiler will
decide on the return type.

In the application, lambda expressions are used heavily, with functional program-
ming paradigms, for collection container types. Kotlin also heavily supports this
approach. The benefit of this is that variables that hold a collection of informa-
tion can be filtered and updated using predefined functionalities such as filter(),
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map(), and reduce(). This means using a defined lambda function that contains
a collection that can be filtered doesn’t override the original collection, just gives
a snapshot version based on the filter value. [14]

Listing 5.3 shows an example of using functional programming and lambda ex-
pressions for creating the collection of tags from all albums:

1 val individualGenreTags = _albums.value
2 .flatMap{ album -> album.genre.split(";") }
3 .filter { tag -> tag.isNotBlank() }
4 .distinct()

Listing 5.3: Code snippet how individual genre tags are retrieved from the albums
collection.

Each album in the collection contains genre attributes stored as a string, with
individual genres separated by semicolons (“;”). To create a list of unique genre
attributes from the music collection, one of the simplest approaches is to use
predefined functions. First, flatMap() is used to split up the genres into separate
items. Next, the filter() function is used to remove any empty elements. Finally,
the distinct() function will eliminate any duplicate genre items, ensuring that
each one appears only once in the final list.

5.1.5 Coroutine

In Kotlin, to achieve concurrent programming the suspend keyword is used. Also,
coroutines can affect the specific custom-defined scope of the application, for
example:

viewModelScope: This scope is for ViewModel tasks to avoid memory leaks.

lifecycleScope: Described in UI components to ensure safe coroutine execution

scope: Used in custom classes called and destroyed based on developer imple-
mentation.

The purpose of concurrent programming is to enable two or more tasks to be
executed at the same time. This means on the hardware level, the algorithms that
are executed concurrently use multiple cores or processors of its CPU (Central
Processing Unit) chip. In the history of computer engineering, the first CPU
used one core, and with time, more and more cores have been added to mobiles,
computers, and other electronic devices. This means that operating systems with
the availability of multiple cores can run programs on multiple cores at the same
time, which significantly improves performance and efficiency. [14]

Multiple processes with independent outcomes can be executed concurrently
rather than sequentially. To showcase and compare performance improvements
by concurrency, there is a use case for this in the application. In the TagList-
Model, tags can be deleted or edited. To achieve this, both the in phone’s storage
and the UI state are two different things regarding process time; changing the
UI state is much less effort than rewriting metadata. So it makes complete sense
to run the two processes concurrently; this means if rewriting metadata takes 6
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seconds, the users wouldn’t have to wait that 6 seconds for their UI state change,
and the update will be present for them in less than a second.

To use Coroutine in the application, the Android KTX library needs to be im-
ported into the Gradle dependency. The Gradle dependencies define what libraries
are used in the application. The Android KTX extension library, in addition to
introducing the Coroutine functions, extends some of the Kotlin-specific features
like Extension functions/properties, Lambdas, Named parameters, and Parame-
ter default values. [3]

To implement the concurrent Coroutine functionalities the following packages are
needed:

import kotlinx.coroutines.Dispatchers

import kotlinx.coroutines.delay

import kotlinx.coroutines.withContext

import kotlinx.coroutines.launch

import androidx.compose.runtime.rememberCoroutineScope

In order to operate a coroutine, one needs to be launched. You launch one
through the coroutine builder via a variable called scope, which equals the re-
memberCoroutineScope Composable function. This means that a coroutine can
be launched on a different thread apart from the main thread of the application.
The ability to launch via scope.launch . . . is done on a ’fire and forget’ principle,
meaning that once a coroutine, an concurrent process is launched, it is set free
to do its work until completion. This also means that no result is sent back to
the calling application thread regarding the function parameter of withContext(),
either Dispatchers.IO or Dispatchers.Main. [14]

withContext(): Switches execution to a different thread inside a suspend func-
tion.

withContext(Dispatchers.IO): Runs heavy tasks (network, database) in the
background.

withContext(Dispatchers.Main): Switches back to the UI thread for updates
(Android).

Delay behavior is needed to delay/sleep a coroutine for a given time without
blocking the underlying thread and resuming the coroutine after a specified time.
This means that the thread has time to be processed. The delay function accepts a
time parameter in milliseconds; for example, delay(1000) will pause the coroutine
for one second. This delay is beneficial when dealing with operations that require
sequential timing. [14]

5.2 Structure of the app

An Android Studio project is the complete development package that has every-
thing involved in making an app from scratch. A project involves the source code,
the assets (layouts, images, etc.), and test code. It also has all dependencies and
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the development environments to run and make an app. You don’t have to create
your own project hierarchy by creating directories when starting a new project,
as Android Studio does this for you. This allows for easier access to files. The files
and folders that are created are within the Project window, which contains ev-
erything that makes up the project hierarchy. This window is accessible via View
> Tool Windows > Project or via the folder menu icon located on the left panel
sidebar. This section will discuss the Android application components organized
in modules, relative to the project for a better understanding of their purpose
within the application and how they were deployed.[11]

5.2.1 Modules

A module is a set of source files and construction settings that allow users to break
the project down into smaller functional pieces. A project can have one or multiple
modules, and the dependence upon other modules allows for more complex trees
to be generated. A modular project makes for easier construction, testing, and
debugging since each module stands on its own. The advantages of extra modules
apply when you plan to write library code used by the application internally or
if the application needs to operate for various types of devices. For example, you
might want different code and resource sets for smartphones, tablets, wearables,
and so on, while still having everything exist under one project. Therefore, a
modular approach shares the common code across the different variations instead
of unnecessary redundancy.[11]

The following are the module types and the configurations for specific apps/de-
vices supported by Android Studio:[11]

Android App Module: The module type used by default to create a new
Android project. It contains all source code and resources for the application,
the module level Gradle file, and Android Manifest file. The app module is
typically called "app" upon creating a new project.

Phone & Tablet: The module type used by default to create configurations
for general mobile applications.

Automotive: The module type used by default to create configurations for
automotive.

Wear OS: This is a module type for applications designed for wearable
devices such as smartwatches.

TV: This is a module type for applications designed for Android TV.

Baseline Profile Generator: A module for generating baseline profiles for
performance.

Benchmark: This is a module type for performance benchmarking the ap-
plication.

They all come with the relevant resources and templates needed because they’re
oriented toward the specific application or device type to ease development down
many various paths.[11]
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5.2.2 Project files

A developer can access the project files in Android Studio through what’s known
as the Android view. The view presents the files modularized by file type rather
than by actual disk arrangement. But this is good. Ideally, it is better not to
access all the files and folders that make up the project. Some files and folders
are obscured from view, which a developer will rarely ever need.

But in cases it’s needed there are other options to view the project’s complete
source code:[11]

Project

Packages

Project Files

Production

Tests

Project Source Files

Project Non-Source Files

Open Files

All Changed Files

Scratches and Consoles

Here are some specifics about what someone sees in Android view versus what’s
on the disk:[11]

All the files related to building the project are grouped together under a
section called Gradle Scripts.

If there are different manifest files for different product flavors or build types,
the Android view organizes these into separate groups for each module.

Instead of showing alternative resources (like different image densities) in
separate folders, the Android view places them all in one group, making it
easier to see all the variations side by side.

The following are the groups of where the application files go per each module
for an Android app:[11]

manifest: This is the folder where the AndroidManifest.xml file is, which
describes important application configurations.

kotlin+java: This folder holds all the source code files (Kotlin or Java)
sorted by package names. It also contains the application JUnit test codes
for Android Tests and simple tests.

res: This folder holds all non-code resources for the application (e.g. strings,
images, layout files) sorted into subfolders by type or intention.
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5.2.3 Android project overview

The Phone and Tablet project template generates the application that already
has a Main Empty Activity with the Jetpack Compose UI framework. The empty
activity can be named, and it also generates the package with a name that ends
with the application name. The location can be decided where to save the project.
The default place to save any Android Studio project is the AndroidStudioPro-
jects folder. The minimum SDK supported by the app can also be decided. There
is a percentage indicator to show how many devices are supported by that API
version. The recommended value by the new project generator is the Android 7.0
Nougat version, which represents API level 24. For Build configuration language
there are two options:

Kotlin DSL (build.gradle.kts)

Groovy DSL (build.gradle)

The Android gradle plugin 4.0 introduced Kotlin support in the Gradle build
configuration to replace Groovy, which was traditionally used as a programming
language. The benefit of using Kotlin to write Gradle scripts is that they are
more readable and have better compile-time checking, and the Android IDE also
supports them. The downside is that besides the good IDE support compared to
Groovy, Kotlin builds tend to be slower, so on heavy build projects, it can still
be a better option to use Groovy.[9]

Figure 5.1: New Project creation modal first part, where the developer can choose
from the premade configuration template of Android App Modules,
and activity templates.
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Figure 5.2: New Project creation modal second part, where the project package
can be named, and can decide on the Minimum SDK version, and
build configuration language.

As mentioned before, the default generated modules are the Gradle Scripts and
app folder. The app folder contains the manifests, kotlin+java, and res subfolders.
The Gradle Scripts contains the:

build.gradle.kts: (Project-level): manages the overall configuration for the
entire project. This file has repositories to obtain source material for depen-
dencies and classpath dependencies for the entire project. Usually, this file
consists of dependencies for plugins that are applicable to the entire project
and anything else required by the build tool Gradle to execute for all modules
of the parent project.

build.gradle.kts: (App-level): The second build.gradle.kts file is found
within the app directory, signifying its connection to the Android applica-
tion module. Thus, this file contains customizations for the final applica-
tion, such as which plugins are used by the application (i.e., the plugin for
Android) and application-level overarching Android configurations (i.e., com-
pileSdkVersion, positioning for buildTypes and flavors) and dependencies that
configure what’s necessary for proper development.

proguard-rules.pro: ProGuard configuration is to shrink and obfuscate
code. This file prevents certain classes/methods/fields from being minified
(obfuscated) and prevents/removes certain things when minifying. This file
is important for app size reduction and preventing easy reverse engineering
of the code without hassle. Completely optional, there is no predefined con-
figuration for this file by the new project generation.

gradle.properties: A config file of properties. Utilized by Gradle for imple-
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mentation project-wide to alter properties’ turning features on/off, providing
custom values, or including key/value pairs that are called upon by various
other Gradle files. For instance, this includes the sensitive information and
the adjustments made to Gradle to ensure the best functionality.

gradle-wrapper.properties: The properties file for the Gradle Wrapper
which enables the project to utilize a Gradle version without the necessity of
installation on the developer’s personal machine. This properties file facili-
tates running the required Gradle version to ensure uniformity across varying
developers’ systems and build configurations.

libs.version.toml: This file centralizes dependency versions for an easily
accessible read in a multi-module project. Instead of defining all the necessary
library/plugin version numbers throughout and needing to cross-reference, it
can live in one place and be cross-referenced throughout the project to ensure
all modules have the required dependencies. It simplifies project updates.

local.properties: A file containing properties for your local development
environment, where the Android SDK resides, for instance. This is not typ-
ically transferred between developers since this is an environmental setting
(tool paths differ from machine to machine) relative to one’s development
environment. Therefore, it’s required to create non-versioned necessities like
the SDK path, which is anything that is relative to or on one’s machine.

settings.gradle.kts: This is a script file that includes the settings for the
Gradle project and the modules that make up the project. The developer
essentially adds modules here, and it is where universal project definitions
can be established. This is more useful for multi-module projects, as they
need project-level settings for adequate build configuration.

These are important Gradle script files needed to manage the project dependen-
cies, environment requirements, project setup, and build management.

The previously mentioned generated modules under the app folder, such as the
manifests, kotlin+java, and res Android Project application modules, contain all
the files that are directly implementation-specific.

The manifests folder contains the already mentioned AndroidManifest.xml file
that describes important application implementation and outlines configuration,
such as user permissions, allowing backups, target API, and application appear-
ance: icon, label, round icon, theme, and layout. In this file also, the application’s
activities can be specifically configured similarly to the application, like activity
name, label, can or can’t be exported, theme, and filter intent scope that handles
permissions given under an activity, meaning is it given to the whole app or just
the specific activity.

The Kotlin+java folder contains the src, res, and test folders. One test folder
describes instrumented tests that will be executed on an Android device, and the
other implements local unit tests that are executed on the development machine.
The src folder is organized to separate each functionality to support the MVVM
software architectural pattern. This means the UI is separated from business logic
and data-layer logic.
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In the src folder the models subfolder contain the data layer, and its logic to
set up the data holding classes for the app, for this the responsible files are
the Album, Song, SongCahceManager, SongUpdateInfo, and MusicRepository
Kotlin class files. The Album, Song, and MusicRepository files create the music
collection data that is handled in the application; the SongCacheManager and
SongUpdateInfo are responsible for helping out the data-layer functionality and
minimizing the complexity of the first three mentioned data holding components.

The view models subfolder under the src folder contains the already mentioned
MusicViewModel, which contains the state-handling business logic needed to keep
the UI widget information up to date based on user interaction. This model is
responsible for handling what happens when the user says yes to each permission
request, having the app state the complete MP3 music collection information. It
also has the logic to update the cache information. The view models subfolder
contains temporary state information based on the data layer information and
user interaction, for example, selectedSong, checkedTags, etc. It also handles the
state modification when the MP3 file metadata information modification function
is called.

The controllers contain the MusicPlayerManager Kotlin file, which contains the
MediaPlayer actions like playing and stopping songs. It also has the function re-
sponsible for notifying the phone that there is an updated media file of a specific
song in the storage, where the audio metadata genre table has different informa-
tion.

The ui subfolder of the src folder has two folders: one contains the UI screens
and the second contains the application theme. The UI screens subfolders are
arranged as the view tree is represented in the Architecture chapter. Each of
the screen Kotlin files represents at least one Jetpack Composable function, if it
makes sense not to divide to a child composable unit, then it is implemented in
the same file as the parent composable, but the goal was to granularly split up
Composable function to help readability, and limit the amount of information
that was sent down each widget, and each widget being injected with only the
necessary dependencies. The parent UI composable node is located outside of the
UI folder and located in the src folder named the MainActivity.kt file; this Activity
file is responsible for starting the application and setting the content based on
the globally requestable permissions. If the permissions are not accepted yet, it
generates the permission access view with the corresponding dialogs; in the case
all global permissions are provided with access, it loads the top node, which is the
of the MainApplication Composable. From there, the user can navigate through
the application, as it was mentioned before in the architecture chapter.

The res (resources) folder exists in Android Studio for all the components used
during coding and more for an Android application. In other words, the res folder
contains all the components that detail the various operations and aesthetics of
the application. The most important subfolders include:

drawable/: A folder containing all images and graphics (.png, .jpeg, .xml
images) intended to be rendered on the application’s front end. This is the
folder where the action buttons image or default album cover image is stored
for the application. All images not provided by Android Studio are saved as
a .png file.
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values/: A folder containing the .xml files of values for strings, colors, di-
mensions, styles, and other constants used throughout the application.

mipmap/: Used primarily for application launcher icons of varying density,
it keeps the application icon crisp no matter the scaling/density/resolution
of the screen.

The above-described folders are present in the application, but there can be
additional folders, such as:

layout/: A folder containing .xml files that render the application layout
including .xml for activities, fragments, and views. This is used when the
application doesn’t use the Jetpack Compose to represent UI elements.

menu/: Used for XML files relating to menus; customary for an options menu
or contextual menu of the application. anim/: used for XML files relating to
animations; transitions/movement applied to the UI.

raw/: The folder where arbitrary binary files (sound, video) are held to be
used in an application directly.

These resources help maintain the separation of design and content from code for
better control/modification/localization for different devices/languages.

The layout of the application looks as follows:

MyMusicApplication
app

manifests
AndroidManifest

kotlin+java
src

controllers
models
ui
viewmodels
MainActivity

androidTest
test

res
drawable
mipmap
values
xml

Gradle Scripts

Figure 5.3: The Android project layout view of the application opens with each
top-level child element representing important aspects of the source
code.
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5.3 Permission Handling

5.3.1 Android Permission Overview

Permissions related to the Android OS have much to do with the development of
applications because they exist largely for privacy and data protection. The An-
droid OS is permission-based, meaning that when third-party applications seek
to access potentially dangerous resources, like audio files, camera, microphone,
geolocation, or address book, they must request permission first. For example,
where pre-Android 6.0 (API level 23) permission was requested upon installa-
tion, now it must be requested at runtime upon use. Therefore, this is a good
thing because application users are put in the driver’s seat, with greater permis-
sions and greater authority over what information is utilized and when. Single
application users can grant or deny access on a singular basis depending on their
relative comfort and need. Essentially, developers just need to know there are
proper checks for permission and user feedback for permission. However, a devel-
oper also needs to determine the situational relevance of permissions, which will
help an application to stay legally compliant and legally mandated. Therefore,
to create such an application that will access runtime permission-needed files,
it’s important to figure out what permission will handle that process. Also, with
the development of Android, the privacy rules have changed and become more
and more specific, so it is also important to handle in the supported range of
API levels that user permission that will achieve the same intent as the other
devices, with different Android versions. This is important to achieve the same
user experience on multiple device versions.[10] [6]

Android categorizes permissions into three broad categories: install-time permis-
sions, runtime permissions, and special permissions. These categories not only
dictate how much sensitive data Android allows the application to use but also
what the application can do after the system essentially acknowledges these per-
missions. Different types tell the application what’s allowed and not allowed to
use sensitive data and functionalities when permitted.[10]

The application to access the audio files uses the category of runtime permissions.
Runtime permissions, known as dangerous permissions, allow the application to
read sensitive information or perform destructive actions on the device, the OS,
or other applications. Therefore, there are situations when, rather than assuming
the user granted access and subsequent access to sensitive actions, the user must
request these permissions at runtime. The developer should assess whether the
user has access and request it when the user is allowed to, and only afterward
should the application attempt to read sensitive information or take sensitive
action once the user successfully confirms that access was granted. When the
application requests permission at runtime, the system presents a permission
dialog to the user, as seen in Figure 4.4.
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Figure 5.4: The runtime permission dialog to access media, and audio files on the
device.

Most of the expectations for runtime permissions revolve around overly intrusive
access to private user data, meaning it’s very sensitive and could contain personal
information.[10]

5.3.2 Permission Handling - Manifest

To handle audio read and modification permissions in the application, the work-
flow is the following: required runtime permissions declared in the AndroidMani-
fext.xml file with the uses-permission XML tag, handle the list of permissions in
a dialog, if it is denied, show a dialog to navigate to App settings to be able to
switch the decision on permissions. In case a modification of the audio files hap-
pens in a device that has at least Android version 10 or above, one has to provide
permission for the modification of files individually, so each time the application
tries to modify an audio file’s metadata, an intent is sent for requesting permis-
sion and the users of the app can accept if they will approve that their audio files
will be modified. Before Android version 10, WRITE_EXTERNAL_STORAGE
handles this modification with global runtime permission.
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Figure 5.5: Example request permission dialog to modify a specific audio file.

Listing 5.4 shows how to declare a permission to read or read and modify the
audio files in the device’s storage.

1 <?xml version="1.0" encoding="utf-8"?>
2 <manifest xmlns:android="http://schemas.android.com/apk/res/android"
3 xmlns:tools="http://schemas.android.com/tools">
4

5 <uses-permission android:name="android.permission.WRITE_EXTERNAL_STORAGE"
6 android:maxSdkVersion="28" />
7 <uses-permission android:name="android.permission.READ_EXTERNAL_STORAGE"
8 android:maxSdkVersion="32" />
9 <uses-permission android:name="android.permission.READ_MEDIA_AUDIO"

10 android:required="false" />
11

12 // application XML tag
13 <application>
14 </application>
15 </manifest>

Listing 5.4: AndroidManifest.xml permission declaration snippet.

The following permissions are necessary to tackle the necessary runtime permis-
sions from the minimum version of Android 7.0 API level 24 to the current state
of the app Android 14 (API level 34):

android.permission.WRITE_EXTERNAL_STORAGE

android.permission.READ_EXTERNAL_STORAGE

android.permission.READ_MEDIA_AUDIO

When utilizing either of these elements, the ‘maxSdkVersion‘ attribute indicates
that devices with an Android version higher than the specified value no longer re-
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quire a particular permission. This allows the removal of unnecessary permissions
while maintaining compatibility with older devices.

The WRITE_EXTERNAL_STORAGE permission covers API levels 24-28 or
Android OS 7.0-9, and previously mentioned individual intent permission re-
quests are not going to be triggered. The reason is that the permission allows an
application to write to external storage. Above API level 30 or build version R it
wouldn’t have any effect on the app.

The READ_EXTERNAL_STORAGE permission covers API levels 24-32 or An-
droid OS 7.0-12. This permission allows the application to read from external
storage, so by giving access to this permission the application can play, and dis-
play the music collection, and also show its metadata information.

The READ_MEDIA_AUDIO permission covers API levels 33-34 or Android
OS 13-14. It does the same thing as the READ_EXTERNAL_STORAGE
permission for the lower iteration of Android OS devices. The reason it’s
needed is that from API level 33, the READ_EXTERNAL_STORAGE per-
mission got deprecated and was split up into three individual permissions to
read media files: READ_MEDIA_IMAGES, READ_MEDIA_VIDEO, and the
READ_MEDIA_AUDIO permission. The reason that the application can show
the albums’ cover art and doesn’t need the READ_MEDIA_IMAGES permis-
sion to be declared is that the MP3 files store that image in its metadata, so
technically, that is still in the audio file.

5.3.3 Permission Handling - MusicViewModel

In the application, all state logic to grant permissions is handled in the Mu-
sicViewModel Kotlin file, as the application states do. The MusicViewModel
has a value requiredPermissions of type List that indicates which permissions
are needed to check and when. Also, the checkAllPermissionGranted() function
checks if all permissions are approved. If they are, it will trigger the function
responsible for loading all the music collection information from storage.

1 // MusicViewModel.kt permission handling logic
2 import android.Manifest
3 import android.content.pm.PackageManager
4 import android.os.Build
5 import androidx.compose.runtime.mutableStateListOf
6 import androidx.compose.runtime.mutableStateMapOf
7 import androidx.compose.runtime.mutableStateOf
8 import androidx.core.content.ContextCompat
9

10

11 private val requiredPermissions: List<String>
12 get() {
13 val perms = mutableListOf<String>()
14 when {
15 Build.VERSION.SDK_INT >= Build.VERSION_CODES.TIRAMISU -> {
16 perms.add(Manifest.permission.READ_MEDIA_AUDIO)
17 }
18 Build.VERSION.SDK_INT >= Build.VERSION_CODES.Q -> {
19 perms.add(Manifest.permission.READ_EXTERNAL_STORAGE)
20 }
21 else -> {
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22 perms.add(Manifest.permission.WRITE_EXTERNAL_STORAGE)
23 }
24 }
25 return perms
26 }
27

28 val visiblePermissionDialogQueue = mutableStateListOf<String>()
29 val isPermissionGranted = mutableStateOf(false)
30

31 init {
32 checkAllPermissionsGranted()
33 }
34

35 private fun checkAllPermissionsGranted() {
36 val context = getApplication<Application>().applicationContext
37 isPermissionGranted.value = requiredPermissions.all { permission ->
38 ContextCompat.checkSelfPermission(context, permission) == PackageManager.

PERMISSION_GRANTED
39 }
40

41 if (isPermissionGranted.value) {
42 loadMusic()
43 }
44 }
45

46 fun dismissDialog() {
47 visiblePermissionDialogQueue.removeAt(0)
48 checkAllPermissionsGranted()
49 }
50

51 fun onPermissionResult(
52 permission: String,
53 isGranted: Boolean
54 ) {
55 if (!isGranted && !visiblePermissionDialogQueue.contains(permission)) {
56 visiblePermissionDialogQueue.add(permission)
57 }
58

59 checkAllPermissionsGranted()
60 }

Listing 5.5: MusicViewModel.kt snippet of handling permission checks.

The private value “requiredPermissions” represents a List of Strings that, by
the get() method, will return a List of required permissions based on the
Build.VERSION.SDK_INT that the application needs to check if it was granted
or not. The reason why it returns only one element based on the device OS is that
permission scalability in future work becomes much more easier, and to introduce
new permission to the application, the developer only needs to add to the List
in the corresponding when statement the Manifest.permission.(permission con-
stant).

The mutableListOf<String> is just a List of String types that has an additional
observability attribute that will update the value each time some updates happen
to it. Each mutable type has a corresponding value type. The only difference to a
traditional value type is the observability functionality on the value. Kotlin uses
these attributes as state attributes during the app lifecycle.
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The “visiblePermissionDialogQueue” is initialized as an empty mutable list of
Strings that holds all the permissions that require action from the user to use the
application.

The “isPermissionGranted” mutable boolean value is false until all permissions
from the “requiredPermissions” are given.

The “checkAllPermissionsGranted()” based on the application context checks
that the application was granted all the “requiredPermissions”. The “required-
Permissions” is checked at each iteration of the list by the “all” function,
and this function needs all true results for the expression to update the “is-
PermissionGranted.value” with true. The context permission check returns 0
if the permission was granted. This value is compared to the PackageMan-
ager.PERMISSION_GRANTED constant. If the “isPermissionGranted” is true
after the check happens, the loadMusic() function is called to populate the ap-
plication’s music repository.

The dismissDialog() function handles the dismissal of permission dialogs. It re-
moves the first permission in the dialog queue that is in the UI visually present
at the time and makes sure to call the checkAllPermissionGranted() function to
see if grantable permissions remain.

The onPermissionResult() function handles the UI side logic of what to do if a
permission is granted or not, and if it is not granted and it is not present in the
visiblePermissionDialogQueue list, then adds it back to the visiblePermissionDi-
alogQueue. After that it calls again the checkAllPermissionGranted() to make
sure that every permission will be granted before the application loads into the
MainApplication view.

The init block is used to initialize the MusicViewModel Kotlin class. The reason
for this is that the checkAllPermissionsGranted() function must be called first,
as the ability to load the music collection into its respective states depends on it.
Additionally, when the view model is initialized in the application’s MainActivity,
the application will check the permissions. If all permissions are granted, the app
can then load the MainApplication view in the UI, displaying the music collection
stored on the device.

5.3.4 Permission Handling - UI

The following source code represents the implementation of the MainActivity
Kotlin file that sets the first view of the app, which contains the “Request required
button”, which will open all permission dialogs in order based on the system OS.
The activity also handles that case if all permissions a prevented. It will present
a dialog that gives the user a chance to navigate to the App setting to change the
denied permission response. If the permissions are all granted then the content
switches to the MainApplication composable view, to handle the music collection
and to play music.
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1 // MainActivity.kt permission handling logic
2 class MainActivity : ComponentActivity() {
3

4 private val permissionsToRequest: Array<String>
5 get() {
6 val perms = mutableListOf<String>()
7 when {
8 Build.VERSION.SDK_INT >= Build.VERSION_CODES.TIRAMISU -> {
9 perms.add(Manifest.permission.READ_MEDIA_AUDIO)

10 }
11 Build.VERSION.SDK_INT >= Build.VERSION_CODES.Q -> {
12 perms.add(Manifest.permission.READ_EXTERNAL_STORAGE)
13 }
14 else -> {
15 perms.add(Manifest.permission.WRITE_EXTERNAL_STORAGE)
16 }
17 }
18 return perms.toTypedArray()
19 }
20

21 override fun onCreate(savedInstanceState: Bundle?) {
22 super.onCreate(savedInstanceState)
23 enableEdgeToEdge()
24 setContent {
25 MyMusicApplicationTheme {
26 val viewModel = viewModel<MusicViewModel>()
27 val dialogQueue = viewModel.visiblePermissionDialogQueue
28 val isPermissionsGranted by viewModel.isPermissionGranted
29

30 val permissionResultLauncher = rememberLauncherForActivityResult(
31 contract = ActivityResultContracts.RequestMultiplePermissions(),
32 onResult = { perms ->
33 permissionsToRequest.forEach { permission ->
34 viewModel.onPermissionResult(
35 permission = permission,
36 isGranted = perms[permission] == true
37 )
38 }
39 }
40 )
41

42 if (isPermissionsGranted) {
43 MainApplication(musicViewModel = viewModel, context =

this@MainActivity)
44 } else {
45 Column(
46 modifier = Modifier.fillMaxSize(),
47 verticalArrangement = Arrangement.Center,
48 horizontalAlignment = Alignment.CenterHorizontally
49 ) {
50 Button(onClick = {
51 permissionResultLauncher.launch(
52 permissionsToRequest
53 )
54 }) {
55 Text(text = "Request required permissions")
56 }
57 }
58 }
59
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60 dialogQueue
61 .reversed()
62 .forEach { permission ->
63 PermissionDialog(
64 permissionTextProvider =
65 when (permission) {
66 Manifest.permission.READ_MEDIA_AUDIO -> {
67 ReadMediaAudioPermissionTextProvider()
68 }
69 Manifest.permission.READ_EXTERNAL_STORAGE -> {
70 ReadExternalStoragePermissionTextProvider()
71 }
72 Manifest.permission.WRITE_EXTERNAL_STORAGE -> {
73 WriteExternalStoragePermissionTextProvider()
74 }
75 else -> return@forEach
76 },
77 isPermanentlyDeclined = !

shouldShowRequestPermissionRationale(
78 permission
79 ),
80 onDismiss = viewModel::dismissDialog,
81 onOkClick = {
82 viewModel.dismissDialog()
83 permissionResultLauncher.launch(
84 arrayOf(permission)
85 )
86 },
87 onGoToAppSettings = ::openAppSettings
88 )
89 }
90 }
91 }
92 }
93 }
94

95 fun Activity.openAppSettings() {
96 Intent(
97 Settings.ACTION_APPLICATION_DETAILS_SETTINGS,
98 Uri.fromParts("package", packageName, null)
99 ).also(::startActivity)

100 }

Listing 5.6: MainActivity.kt for handling permission checks on the UI side.

The onCreate function contributes to the construction of MainActivity. It spec-
ifies what occurs when this activity is created. The important aspects of the
function are:

enableEdgeToEdge() is called to enable edge-to-edge display, making the
app’s UI fit better on devices with notches or curved screens.

The setContent block sets the UI for the activity using Jetpack Compose. It
applies the theme MyMusicApplicationTheme to the content.

A viewModel is created using viewModel<MusicViewModel>() to manage
the UI-related data and logic.

It retrieves the current permission state (isPermissionsGranted) and the
queue of dialog requests (dialogQueue) from the viewModel.
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The permissionResultLauncher is responsible for handling the permission
request process and for updating the viewModel when the permissions are
granted or denied.

If permissions are granted, the MainApplication UI is shown. If not, a button
is displayed to allow the user to request the necessary permissions.

The permissionResultLauncher value is an instance of ActivityResultLauncher
initialized with the ActivityResultContracts.RequestMultiplePermissions() con-
tract. It launches a permission request dialog when invoked. When the result
(permissions granted or denied) is returned, it iterates over the permissions be-
ing requested and updates the viewModel according to each permission’s status
using the onPermissionResult function. This provides feedback to the app about
whether the requested permissions were granted.

The isPermissionsGranted value is a state variable provided by the viewModel
that tracks whether the necessary permissions have been granted. The value of
isPermissionsGranted is observed within the Composable. Based on this value,
the UI changes. If permissions are granted, the main content of the application
(MainApplication) is displayed. Otherwise, a button is shown to allow the user
to request permissions.

The dialogQueue value is a list of dialogs that should be shown to the user. It
is fetched from the viewModel and contains permission-related dialogs that must
be presented. The dialogs are reversed using .reversed() so that the most recent
dialog appears first. Each dialog is a PermissionDialog that provides information
about why a specific permission is required and offers the user the option to either
grant the permission or deny it. If every permission is denied the user can go to
the app’s settings.

The Activity.openAppSettings() function is an extension function on the Activity
class, which opens the application’s settings page on the device. If a permission
is permanently denied (i.e., the user denied the permission permanently), the
function openAppSettings() is called to redirect the user to the app’s settings
page where they can manually enable the permission. This is triggered by the
"Grant permission" confirm button in the PermissionDialog.

Figure 5.6: Permanently denied permission dialog message with the button
named "Grant permission" that navigates to the application’s set-
tings page.
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Listing 5.7 shows the implementation of the PermissionDialog Composable:
1 // PermissionDialog.kt implementation
2 @Composable
3 fun PermissionDialog(
4 permissionTextProvider: PermissionTextProvider,
5 isPermanentlyDeclined: Boolean,
6 onDismiss: () -> Unit,
7 onOkClick: () -> Unit,
8 onGoToAppSettings: () -> Unit,
9 modifier: Modifier = Modifier

10 ) {
11 AlertDialog(
12 onDismissRequest = onDismiss,
13 confirmButton = {
14 Text(
15 text = if (isPermanentlyDeclined) {
16 "Grant permission"
17 } else {
18 "OK"
19 },
20 fontWeight = FontWeight.Bold,
21 textAlign = TextAlign.Center,
22 modifier = Modifier
23 .fillMaxWidth()
24 .clickable {
25 if (isPermanentlyDeclined) {
26 onGoToAppSettings()
27 } else {
28 onOkClick()
29 }
30 }
31 .padding(16.dp)
32 )
33 },
34 title = {
35 Text(text = "Permission required")
36 },
37 text = {
38 Text(
39 text = permissionTextProvider.getDescription(
40 isPermanentlyDeclined = isPermanentlyDeclined
41 )
42 )
43 },
44 modifier = modifier
45 )
46 }
47

48 interface PermissionTextProvider {
49 fun getDescription(isPermanentlyDeclined: Boolean): String
50 }
51

52 class ReadExternalStoragePermissionTextProvider: PermissionTextProvider {
53 override fun getDescription(isPermanentlyDeclined: Boolean): String {
54 return if (isPermanentlyDeclined) {
55 "It seems you permanently declined read storage permission. " +
56 "If you want this application to have access to your music " +
57 "go to app setting to grant it."
58 } else {
59 "This app needs access to read your External Storage to be able to play
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your music."
60 }
61 }
62 }
63 // The other permission text provider classes (ReadMediaAudioPermissionTextProvider,

WriteExternalStoragePermissionTextProvider)...

Listing 5.7: PermissionDialog.kt Composable implementation for granting
permissions and handling permanently declined ones.

The Composable annotation before the PermissionDialog indicates that this is
a UI building block of an Android application. The PermissionDialog has six
parameters:

permissionTextProvider: PermissionTextProvider: Responsible for
providing the correct text description that describes the specific permission.
Also provides a different description, if the permission is permanently de-
clined, or the permission is not granted yet.

isPermanentlyDeclined: Boolean: This boolean value holds the informa-
tion whether the permission is granted or not, with a true or false value.

onDismiss: () -> Unit: The onDismiss is a function parameter that doesn’t
need any parameters and returns the Unit type, which is the Java equivalent
of the void type. The purpose of the Composable function is to handle the
dismissed event of the Dialog.

onOkClick: () -> Unit: The onOkClick function parameter is the same
as the onDismiss function. It doesn’t return anything and doesn’t have a
parameter. The purpose of the function is to handle the event when the
permission is granted in the dialog.

onGoToAppSettings: () -> Unit: Handles the event if the permission is
permanently declined.

modifier: Modifier = Modifier: The modifier value is a companion object
for designing and manipulating the look of the composable element.

The AlertDialog() is a default Material-designed Composable function that helps
to maintain a consistent layout. This Composable function contains some defined
parameters that represent the events so that a user can interact with the dialog
elements. The composable has four predefined parameters, the last one is the
AlertDialog modifier design companion parameter:

onDismissRequest: It is called when the user tries to dismiss the Dialog
by clicking outside or pressing the back button. The functionality of this
event is described in the MainActivity.kt file, where this parameter calls the
ViewModel dismissDialog() function, which removes the shown permission
from the dialog queue and runs the checkAllPermissionsGranted() function
to ensure that the user doesn’t change to the MainApplication view without
granting each permission in the queue.

confirmButton: This parameter represents the button that confirms a pro-
posed action, thus resolving what triggered the dialog. The button shows a
text-based permission permanently declined (”Grant permission”) or grant
permission (”OK”).
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title: It is a title that specifies the purpose of the dialog.

text: This text presents the details regarding the dialog’s purpose. Based on
the permission type and state, it calls the PermissionTextProvider interface
getDescription() function.

Until the users don’t decide to revoke the permission for the application or rein-
stall the app, they will not see the PermissionDialog() composable.

5.4 Music Repository

The application needs to construct the music repository for the application when
the permissions are all granted for reading the audio files in the storage. This is
implemented mainly in the Data Layer of the application. There are dedicated
data classes to hold the Album and Song information. The MusicRepository
class handles the reading of the music collection’s metadata and populates the
Album and the Song data class. Also, there is a caching mechanism defined by
the SongCacheManager class that helps to cache genre information of the music
pieces to make the reading of the music collection faster for the MusicRepository
class. The MusicViewModel prepares the view state information of the music
collection from the MusicRepository class. This section will show the source code
and will describe how these classes work together and individually.

5.4.1 Data Classes

1 // Album.kt
2 data class Album(
3 val albumName: String,
4 val artistName: String,
5 val songs: List<Song>,
6 val albumArtUri: String?,
7 var genre: String,
8 var lastVisited: Long = 0,
9 )

10

11 // Song.kt
12 data class Song(
13 val id: Long,
14 val track: Int,
15 val title: String,
16 val artist: String,
17 val album: String,
18 val duration: Long,
19 val data: String,
20 var genre: String,
21 )

Listing 5.8: Album.kt and Song.kt files’ data class implementation.
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The Album class represents a music album and contains several properties that
define the album’s characteristics:

albumName: String: The name of the album.

artistName: String: The name of the artist or band that created the album.

songs: List<Song>: A list of Song objects associated with this album. This
allows an album to have multiple songs, forming a one to many relationship
between the two classes.

albumArtUri: String? A URI (Uniform Resource Identifier) pointing to
the album artwork image. It is optional, denoted by the ?, meaning it can be
null if the album doesn’t have artwork.

genre: String: The album’s genre (e.g., “Rock;Movie;Soundtrack”,
“Pop;Radio”, “Jazz;No Singing”). This property can be updated since it
is a mutable variable (var). The genre value is modified by the app and can
contain multiple tags in one String, which are divided by semicolons and will
be organized into a list at the domain level of the application.

lastVisited: Long = 0: A timestamp (in milliseconds) representing the last
time the album was accessed or played. It defaults to 0 if not set. This will
be used to order the AlbumsContainer, the most recently visited album will
be shown at the top of the list.

The Song class represents an individual song and contains properties that describe
a song’s metadata:

id: Long: A unique identifier for the song, typically used to reference the
song in the MediaStore, which represents the audio files in the phone storage
as a data table.

track: Int: The track number of the song in the album, which helps organize
the songs in the correct order.

title: String: The title of the song.

artist: String: The name of the artist who performed the song.

album: String: The name of the album to which the song belongs.

duration: Long: The duration of the song in milliseconds.

data: String: The file path to the location of the song’s audio file.

genre: String: The genre of the song. Like the Album class, this is mutable
and can be updated.

5.4.2 Song Cache Manager

The next class that needs to be described is the SongCacheManager. This is the
class that helps after the first start of the app to fasten the process by caching the
most time-consuming process, which is retrieving the genre information for the
Album and Song data class from the audio file metadata directly. The reason why
the genre is retrieved this way is that all other metadata information is loaded
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from the MediaStore, which is an indexed collection of common media types
such as audio, video, and image. This indexed collection makes it much faster to
get any information on media types, but this indexed collection doesn’t support
custom-made genres, so it needs to be retrieved from the file genre column. The
SongCacheManager is a custom-made similarly indexed collection but just for
genre attributes.

1 // SongCacheManager.kt
2 class SongCacheManager(context: Context) {
3 private val sharedPreferences = context.getSharedPreferences("song_cache",

Context.MODE_PRIVATE)
4

5 fun cacheSongGenre(songId: String, genre: String) {
6 Log.d("SongCacheManager", "cacheSongGenre: songId: $songId, genre: $genre")
7 val editor = sharedPreferences.edit()
8 editor.putString(songId, genre)
9 editor.apply()

10 }
11

12 fun getCachedSongGenre(songId: String): String? {
13 val genre = sharedPreferences.getString(songId, null)
14 Log.d("SongCacheManager", "getCachedSongGenre: $genre")
15 return genre
16 }
17

18 fun updateCachedSongGenre(songId: String, newGenre: String) {
19 Log.d("SongCacheManager", "updateCachedSongGenre: $newGenre")
20 val editor = sharedPreferences.edit()
21 editor.putString(songId, newGenre)
22 editor.apply()
23 }
24 }

Listing 5.9: SongCacheManager.kt file with the purpose to cache song’s genre by
id.

The SongCacheManager class provides methods to cache, retrieve, and update
genre information for songs identified by a unique songId. It is designed to persist
this data across app sessions using SharedPreferences.

Key Components:

Class constructor parameter: The constructor takes a Context object
and initializes a SharedPreferences instance named "song_cache" in the mode
Context.MODE_PRIVATE. This ensures that the data is private to the ap-
plication and cannot be accessed by other apps.

cacheSongGenre(songId: String, genre: String): This method stores
the genre of a song in the SharedPreferences using the songId as the key. It
uses a SharedPreferences.Editor to insert the key-value pair (songId, genre).
The apply() method is called to save the changes asynchronously. A debug
log statement records the caching process.

getCachedSongGenre(songId: String): String?: This method retrieves
the cached genre for a given songId. If no value is found for the specified
songId, it returns null. It contains a debug log statement that that captures
the retrieved genre for debugging purposes.
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updateCachedSongGenre(songId: String, newGenre: String): This
method updates the cached genre for a specific songId by overwriting the
existing value in SharedPreferences. Similar to cacheSongGenre, it uses the
SharedPreferences.Editor to update the value and to apply the changes. A
debug log statement records the update operation.

1 // getCachedSongGenre log line:
2 SongCacheManager com.example.mymusicapplication D getCachedSongGenre: Pop;guitar;

Acoustic;Bur
3 // updateCachedSongGenre log line:
4 SongCacheManager com.example.mymusicapplication D updateCachedSongGenre: Indie Rock;

guitar

Listing 5.10: Example of log instances for the caching mechanism. The log line
presents the class package, log version, and log text information.

5.4.3 MusicRepository

The MusicRepository.kt file represents the MusicRepository class object which is
based on the context of the phone storage and retrieves the music collection to
initialize the Album and Song objects, and returns it in a list of albums. This
class prepares all the information that the app needs to show, also contains the
functions to handle the logic for playing, stopping songs, and also modifying the
songs’ metadata. To achieve the desired state of getting all MP3 music files it
uses the MediaStore class, the only metadata that is not retrieved by this class is
the already mentioned genre metadata. Which information is either retrieved by
the getGenreByRetriever() function or cache. The class also uses the SongCache-
Manager class to cache song genres based on the song’s unique ID. This ensures
that the genre information is stored persistently and can be reused across app
sessions.

Listing 4.11 shows the source code of the MusicRepository class:
1 // MusicRepository.kt
2 class MusicRepository(private val context: Context) {
3 private val songCacheManager = SongCacheManager(context)
4

5 fun getAllMusic(): List<Album> {
6 val albums = mutableListOf<Album>()
7 val contentResolver: ContentResolver = context.contentResolver
8

9 val projection = arrayOf(
10 MediaStore.Audio.Media._ID,
11 MediaStore.Audio.Media.TRACK,
12 MediaStore.Audio.Media.TITLE,
13 MediaStore.Audio.Media.ARTIST,
14 MediaStore.Audio.Media.ALBUM,
15 MediaStore.Audio.Media.DURATION,
16 MediaStore.Audio.Media.DATA
17 )
18

19 val uri = MediaStore.Audio.Media.EXTERNAL_CONTENT_URI
20 val selection = "${MediaStore.Audio.Media.IS_MUSIC} != 0 AND ${MediaStore.

Audio.Media.MIME_TYPE} = ?"
21 val selectionArgs = arrayOf("audio/mpeg")
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22 val sortOrder = "${MediaStore.Audio.Media.ALBUM_ARTIST} ASC"
23

24 val cursor = contentResolver.query(uri, projection, selection, selectionArgs,
sortOrder)

25 cursor?.use { c ->
26 val albumMap = mutableMapOf<String, Pair<String, MutableList<Song>>>()
27 val genreMap = mutableMapOf<String, MutableSet<String>>()
28

29 while (c.moveToNext()) {
30 val id = c.getLong(c.getColumnIndexOrThrow(MediaStore.Audio.Media._ID

))
31 val trackNumber = c.getString(c.getColumnIndexOrThrow(MediaStore.

Audio.Media.TRACK))
32 val convertedTrackNumber = trackNumber?.toIntOrNull() ?: 0
33 val finalTrackNumber = if (convertedTrackNumber > 999) {
34 convertedTrackNumber - 1000
35 } else {
36 convertedTrackNumber
37 }
38 val title = c.getString(c.getColumnIndexOrThrow(MediaStore.Audio.

Media.TITLE))
39 val artist = c.getString(c.getColumnIndexOrThrow(MediaStore.Audio.

Media.ARTIST))
40 val album = c.getString(c.getColumnIndexOrThrow(MediaStore.Audio.

Media.ALBUM))
41 val duration = c.getLong(c.getColumnIndexOrThrow(MediaStore.Audio.

Media.DURATION))
42 val data = c.getString(c.getColumnIndexOrThrow(MediaStore.Audio.Media

.DATA))
43 var genre = songCacheManager.getCachedSongGenre(songId = id.toString

()) ?: ""
44 if (genre.isEmpty()) {
45 genre = getGenreByRetriever(data)
46 songCacheManager.cacheSongGenre(songId = id.toString(), genre =

genre)
47 }
48

49 val song = Song(id, finalTrackNumber, title, artist, album, duration,
data, genre = genre)

50

51 if (albumMap.containsKey(album)) {
52 albumMap[album]?.second?.add(song)
53 genreMap[album]?.addAll(genre.split(";").map { it.trim() })
54 } else {
55 albumMap[album] = Pair(artist, mutableListOf(song))
56 genreMap[album] = mutableSetOf(*genre.split(";").map { it.trim()

}.toTypedArray())
57 }
58 }
59

60 for ((albumName, pair) in albumMap) {
61 val (artist, songs) = pair
62 val albumArtUri = getAlbumArtUri(albumName)
63 val albumArtPath = if (albumArtUri != null && albumArtExists(

albumArtUri)) {
64 albumArtUri.toString()
65 } else {
66 null
67 }
68 val genre = genreMap[albumName]?.joinToString(";") ?: "Unknown"
69 val album = Album(albumName, artist, songs, albumArtPath.toString(),
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genre = genre)
70 albums.add(album)
71 }
72 }
73

74 return albums
75 }
76 // additional private function to help the getAllMusic() function:

getGenreByRetriever(data: String), albumArtExists(uri: Uri), getAlbumArtUri(
albumName: String)

77 }

Listing 5.11: Implementation of MusicRepository class showcasing the
getAllMusic function which retrieves the music collection data.

The key aspects of the getAllMusic() method are as follows:

The contentResolver.query method is used to perform queries against a
database, specifically for retrieving data associated with media files. In this con-
text, the uri argument specifies that the query will search for items within the
media URI, which identifies the data to be queried. The selection argument filters
the query results to ensure that only music files are included, focusing specifically
on the type of media items present in the database. The selectionArgs argument
further narrows the query by stipulating that only audio files in MP3 format
should be considered. Finally, the last argument of the query enables sorting of
the results in ascending order based on the album artist, organizing the retrieved
music files for better accessibility and user experience.

The cursor iterates through each element that the application retrieved based
on the contentResolver.query function. It ensures that genre data is fetched and
cached appropriately. As mentioned before, if the genre can’t be retrieved from the
cache, it is retrieved by using the getGenreByRetriever(data: String) function that
extracts the audio metadata using the MediaMetadataRetriever() class object.

1 // getGenreByRetriever(data: String) function in the MusicRepository class
2 private fun getGenreByRetriever(data: String): String {
3 val retriever = MediaMetadataRetriever()
4 retriever.setDataSource(data)
5 val genre = retriever.extractMetadata(MediaMetadataRetriever.METADATA_KEY_GENRE)

?: ""
6 retriever.release()
7 return genre
8 }

Listing 5.12: Implementation of getGenreByRetriever
function in the MusicRepository file to retrieve genre by using the
MediaMetadataRetriever() object.

In the cursor, when the albums are constructed, the getAlbumArtUri() function
tries to retrieve the path to the album art. If it returns null or if the albumAr-
tExists() function check returns false the albumArtUri is stored as stringified null
value, and the UI logic will present the default album art in case the album art
couldn’t be retrieved.
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1 // implementation of albumArtExists and getAlbumArtUri function
2 private fun albumArtExists(uri: Uri): Boolean {
3 return try {
4 val inputStream = context.contentResolver.openInputStream(uri)
5 inputStream?.close()
6 true
7 } catch (e: Exception) {
8 false
9 }

10 }
11

12 @SuppressLint("Range")
13 private fun getAlbumArtUri(albumName: String): Uri? {
14 val uri = MediaStore.Audio.Albums.EXTERNAL_CONTENT_URI
15 val projection = arrayOf(MediaStore.Audio.Albums._ID)
16 val selection = "${MediaStore.Audio.Albums.ALBUM} = ?"
17 val selectionArgs = arrayOf(albumName)
18 val cursor = context.contentResolver.query(uri, projection, selection,

selectionArgs, null)
19

20 cursor?.use {
21 if (it.moveToFirst()) {
22 val albumId = it.getLong(it.getColumnIndex(MediaStore.Audio.Albums._ID))
23 val albumArtUri = Uri.parse("content://media/external/audio/albumart")
24 val fullAlbumArtUri = ContentUris.withAppendedId(albumArtUri, albumId)
25

26 return try {
27 context.contentResolver.openInputStream(fullAlbumArtUri)?.use {
28 // Successfully opened stream, album art exists
29 return fullAlbumArtUri
30 }
31 } catch (e: FileNotFoundException) {
32 // Album art doesn't exist
33 null
34 }
35 }
36 }
37 return null
38 }

Listing 5.13: Implementation of the albumArtExists and the getAlbumArtUri
function, to check if the album contains an album art.

5.5 Playing Music

The application’s music playback functionality is distributed across three com-
ponents in the source code: MusicPlayerManager.kt, MusicViewModel, and the
application’s composable element.

The MusicPlayerManager.kt file provides a utility class and handles the audio
playback functionality within an Android application. It uses the ‘MediaPlayer‘
class to manage audio playback and offers control methods like play, pause, re-
sume, and stop. It also implements mechanisms for tracking the currently playing
song and triggering callbacks when a song ends.
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1 var mediaPlayer: MediaPlayer? = null
2

3 var currentlyPlayingSongId: Long? = null
4 var currentlyPlayingSongTitle: String? = null
5

6 var onSongEnd: (() -> Unit)? = null
7

8 fun setOnSongEndListener(listener: () -> Unit) {
9 onSongEnd = listener

10 }
11

12 fun playSong(song: Song) {
13 stopCurrentSong()
14 currentlyPlayingSongTitle = song.title
15 currentlyPlayingSongId = song.id
16

17 mediaPlayer = MediaPlayer().apply {
18 try {
19 setDataSource(song.data)
20 prepare()
21 start()
22 Log.i("PLAY_SONG", "music started to play: $currentlyPlayingSongTitle")
23

24 // Set the completion listener
25 setOnCompletionListener {
26 Log.i("SONG_COMPLETED", "$currentlyPlayingSongTitle has finished

playing.")
27 // Call the onSongEnd function
28 onSongEnd?.invoke() // Invoke the callback here
29 }
30 } catch (e: Exception) {
31 Log.e("PLAY_SONG", "Error playing song: ${e.message}")
32 release()
33 }
34 }
35 }
36

37 fun pauseSong() {
38 if (currentlyPlayingSongId != null) {
39 mediaPlayer?.apply {
40 pause()
41 }
42 }
43 }
44

45 fun resumeCurrentSong() {
46 if (currentlyPlayingSongId != null) {
47 mediaPlayer?.apply {
48 start()
49 }
50 }
51 }
52

53 fun isPlaying(): Boolean {
54 return mediaPlayer?.isPlaying ?: false
55 }
56

57 fun stopCurrentSong() {
58 if (currentlyPlayingSongId != null) {
59 mediaPlayer?.apply {
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60 stop()
61 release()
62 }
63

64 mediaPlayer = null
65 Log.i("STOP_CURRENT_SONG", "currently played song is stopped

$currentlyPlayingSongTitle")
66 currentlyPlayingSongId = null
67 currentlyPlayingSongTitle = null
68 }
69 }

Listing 5.14: Implementation of MusicPlayerManager utility functions.

Key variables of the MusicPlayerManager.kt:

mediaPlayer: The central MediaPlayer instance used for audio playback.
It is dynamically created and released for each song to optimize resource
management.

currentlyPlayingSongId: Tracks the unique ID of the currently playing
song, ensuring playback state consistency.

currentlyPlayingSongTitle: Stores the title of the currently playing song
for logging and UI updates.

onSongEnd: A callback function that is triggered when a song finishes play-
ing. It can be set using setOnSongEndListener.

Detailed functionality of the MusicPlayerManager.kt:

playSong(song: Song): Stops any currently playing song. It configures a
new MediaPlayer instance with the song’s file path, prepares and starts play-
back, logs playback start, and sets up a completion listener to handle song-end
events.

pauseSong(): Pauses playback if a song is playing, keeping the playback
state intact for resumption.

resumeCurrentSong(): Resumes playback of the paused song, allowing
seamless continuation of the audio.

stopCurrentSong(): Stops playback of the current song and releases the
MediaPlayer resources. It resets the state variables tracking the current song.

isPlaying(): Returns the playback state (true if playing, false otherwise),
providing a simple way to query the player’s status.

Handling song ends: When a song finishes, the onSongEnd callback (if set)
is invoked to notify other parts of the application.

In the MusicViewModel.kt file, the only thing that needs to be handled is what
to do when a song ends. The objective is to play the next song in the album
when a song is selected, but for that the information of the music collection state
in the application is needed, more specifically: selectedSong, and the currently-
PlayingAlbum. This functionality is handled by the onSongEnd() function based
on this information:
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1 // variables that holds the UI state of selectedSong, and currentlyPlayingAlbum
2 var selectedSong by mutableStateOf<Song?>(null)
3 var currentlyPlayingAlbum by mutableStateOf<Album?>(null)
4

5 fun onSongEnd() {
6 val songList = currentlyPlayingAlbum?.songs?.sortedBy { it.track } ?: emptyList()
7 val currentIndex = songList.indexOfFirst { it.title == selectedSong?.title }
8 val nextIndex = currentIndex + 1
9 if (nextIndex < songList.size) {

10 val nextSong = songList[nextIndex]
11 selectedSong = nextSong
12 playSong(nextSong)
13 } else {
14 stopCurrentSong()
15 selectedSong = null
16 }
17 }

Listing 5.15: Implementation of the onSongEnd function in the MusicViewModel
based on the application state.

Key state variables of the MusicViewModel:

selectedSong: Tracks the currently selected (and playing) song. It is de-
clared as a mutableStateOf to ensure that changes are reactive and are re-
flected in the UI automatically.

currentlyPlayingAlbum: Stores the album that is currently being played.
It is also declared as mutableStateOf for reactive UI updates.

Detailed summary of the onSongEnd() function in the MusicView-
Model:

Retrieves the song list based on the currentlyPlayingAlbum?.songs, and sorts
it by track id to make sure it is played in order.

Identifies the current song and saves the currentIndex in the songList.

Calculates the next song that needs to be played. It retrieves the next
song (nextSong) and sets it as the new selectedSong. Then it calls
playSong(nextSong) from the MusicPlayerManager to start playback.

Handles the end of an album by using the stopCurrentSong() and reseting
the selectedSong to null.

The application calls the previously mentioned state variables and functions.
The MainApplication composable contains all these information and injects the
important elements to the SongManagerComposable() and the AlbumSongList()
function. The SongManagerComposable() function displays the buttons that can
make the currently playing song stop, start, and play the next or previous song
in the album. The AlbumSongList() allows selecting the listed songs and with
that displays that selected song’s row green and starts to play it. It also has an
effect in the AlbumListContainer(), where the album art will have a green outline
when a song from the album is played.
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Figure 5.7: Displays the SongManagerComposable and a highlighted song from
AlbumSongList composable which is currently selected. The pause
button indicates it’s currenlty playing and can be stopped.

Figure 5.8 shows the highlighted album in the AlbumListContainer() when a song
is currently selected for playing:

Figure 5.8: Displays the AlbumListContainer where one of the albums has a green
border, which indicates that a song from the album is selected for
playing music.

Listing 5.16 shows the implementation of the SongManagerComposable:
1 @Composable
2 fun SongManagerComposable(
3 currentSong: Song?,
4 currentlyPlayingAlbum: Album?,
5 onSongChange: (Song) -> Unit,
6 onTagSearchClick: () -> Unit,
7 isTagSearchModalOpen: Boolean,
8 isSongCurrentlyPlaying: Boolean,
9 onIsSongCurrentlyPlayingChange: (Boolean) -> Unit

10 ) {
11 val sortedSongs = currentlyPlayingAlbum?.songs?.sortedBy { it.track }
12 var songList = listOf<Song>()
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13 if (currentlyPlayingAlbum != null) {
14 if (sortedSongs != null) {
15 songList = sortedSongs
16 }
17 }
18

19 fun getItem(position: Int?): Song {
20 return songList[position!!]
21 }
22

23 fun findSongIndex(songsFromTheAlbum: List<Song>, song: Song?): Int? {
24 for (i in songsFromTheAlbum.indices) {
25 if (songsFromTheAlbum[i].title == song?.title) {
26 return i
27 }
28 }
29 return null
30 }
31

32 fun getPreviousSong(song: Song?): Song? {
33 val cSongIndex = findSongIndex(songList, song)
34 if (cSongIndex != null && cSongIndex > 0) {
35 onIsSongCurrentlyPlayingChange(true)
36 return getItem(cSongIndex - 1)
37 }
38

39 return null
40 }
41

42 fun getNextSong(song: Song?): Song? {
43 val cSongIndex = findSongIndex(songList, song)
44 if (cSongIndex != null && cSongIndex < songList.size - 1) {
45 onIsSongCurrentlyPlayingChange(true)
46 return getItem(cSongIndex + 1)
47 }
48

49 return null
50 }
51

52 Row (
53 modifier = Modifier
54 .fillMaxWidth()
55 .fillMaxHeight()
56 .padding(horizontal = 4.dp),
57 verticalAlignment = Alignment.CenterVertically,
58 horizontalArrangement = Arrangement.SpaceBetween
59 ) {
60 [...TagSearchButton...]
61

62 Row(
63 modifier = Modifier.weight(2f),
64 horizontalArrangement = Arrangement.End
65 ) {
66 IconButton(onClick = {
67 getPreviousSong(currentSong)?.let { previousSong ->
68 onSongChange(previousSong)
69 }
70 }) {
71 Icon(
72 painterResource(id = R.drawable.previous),
73 contentDescription = "",
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74 modifier = Modifier.size(14.dp),
75 tint = Color.White
76 )
77 }
78

79 IconButton(
80 onClick = {
81 if (isPlaying()) {
82 pauseSong()
83 onIsSongCurrentlyPlayingChange(false)
84 } else if (!isPlaying() && currentSong != null) {
85 resumeCurrentSong()
86 onIsSongCurrentlyPlayingChange(true)
87 }
88 }
89 ) {
90 if (!isSongCurrentlyPlaying) {
91 Icon(
92 painterResource(id = R.drawable.play_button_arrowhead),
93 "",
94 modifier = Modifier.size(14.dp),
95 tint = Color.White,
96 )
97 } else {
98 Icon(
99 painterResource(id = R.drawable.pause_white),

100 "",
101 modifier = Modifier.size(14.dp),
102 tint = Color.White,
103 )
104 }
105 }
106

107 IconButton(onClick = {
108 getNextSong(currentSong)?.let { nextSong ->
109 onSongChange(nextSong)
110 }
111 }) {
112 Icon(
113 painterResource(id = R.drawable.next),
114 contentDescription = "",
115 modifier = Modifier.size(14.dp),
116 tint = Color.White
117 )
118 }
119 }
120 }
121 }

Listing 5.16: Implementation of the SongManagerComposable with the action
buttons.

Some utility functions are described in this Composable function (getPrevious-
Song(), getNextSong()). The reason why these functions are here and not in the
MusicPlayerManager.kt utility file is that the next or previous song that needs to
be played is very dependent on the state of the application. The SongManager-
Composable function parameters are also indicating this, with the currentSong,
currentlyPlayingAlbum, onSongChange values.
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Listing 4.17 shows how a song is selected (as previously mentioned) in the Al-
bumSongList Composable.

1 @Composable
2 fun AlbumSongList(
3 context: Context,
4 album: Album,
5 tags: SnapshotStateList<String>,
6 onBackPress: () -> Unit,
7 onSongClicked: (Song) -> Unit,
8 selectedSong: Song?,
9 isSongCurrentlyPlaying: Boolean,

10 onIsSongCurrentlyPlayingChange: (Boolean) -> Unit,
11 onTagAdded: (String) -> Unit,
12 musicViewModel: MusicViewModel
13 ) {
14 [...check for existing album art...]
15

16 Column (modifier = Modifier
17 .fillMaxSize()
18 ) {
19 IconButton(onClick = onBackPress) {
20 Icon(Icons.Default.ArrowBack, contentDescription = "Back", tint = Color.

Black)
21 }
22 AlbumHeader(albumCover = painter, albumName = album.albumName, artistName =

album.artistName)
23 val sortedSongs = album.songs.sortedBy { it.track }
24

25 LazyColumn {
26 itemsIndexed(sortedSongs) {index, song ->
27 val isPlaying = song == selectedSong && isSongCurrentlyPlaying
28 SongCard(
29 context = context,
30 song = song,
31 isSelected = song == selectedSong,
32 tags = tags,
33 album = album,
34 onClick = {
35 if (isPlaying) {
36 stopCurrentSong()
37 onIsSongCurrentlyPlayingChange(false)
38 } else {
39 playSong(song)
40 onSongClicked(song)
41 onIsSongCurrentlyPlayingChange(true)
42 }
43 },
44 onTagAdded = onTagAdded,
45 showMoreVertIcon = index == 0,
46 musicViewModel = musicViewModel
47 )
48 }
49 }
50 }
51 }

Listing 5.17: Implementation of selecting a song in the AlbumSongList
composable
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5.6 Processing Tags

The application’s tags are constructed from the album collection genres, which
is retrieved after all permissions are granted. The list of tags available in the UI
is unique and can be modified, removed, or newly created. These changes update
both the UI state of the tags list and the phone’s storage cache, ensuring that
the modifications persist across app launches rather than being temporary.

The most important aspect of the app is to filter the albums based on the selected
tags. This is happening in the TagSearchModal, which requires some parameters:

tags: Represents the collection of the tags if there no checked tag.

remainingTags: Represents all tags that are not already tags of the selected
albums.

checkedTags: Represents the checked tags in the tag list.

onCheckedTagChange: The function that listens to the event if a tag is
checked/unchecked by the user.

albumCount: Represents how many albums are currently selected before
and after some tags are checked.

isModalOpen: Notifies the UI if the TagSearchModel is opened.

onRemoveTag: Calls the MusicViewModel’s onRemoveTag function.

onModifyTagName: Calls the MusicViewModel’s onModifyTagName func-
tion.

The last three parameters are there to notify the application about what function
needs to be triggered based on the event.

Listing 5.18 shows the declaration of the TagSearchModal Composable and it’s
needed parameters in the MainApplication Composable:

1 @Composable
2 fun MainApplication(musicViewModel: MusicViewModel, context: Context) {
3 val albums by musicViewModel.albums.collectAsState()
4 // Observe the tags and checkedTags state from the ViewModel
5 val tags = musicViewModel.tags
6 val checkedTags = musicViewModel.checkedTags
7

8 val onAddGenreTag: (String) -> Unit = { newTag ->
9 musicViewModel.onAddGenreTag(newTag)

10 }
11 val onRemoveTag: (String) -> Unit = { tag ->
12 musicViewModel.onRemoveTag(tag, context, scope)
13 }
14 val onModifyTagName: (String, String) -> Unit = { oldName, newName ->
15 musicViewModel.onModifyTagName(oldName, newName, context, scope)
16 }
17

18 val activeTags = checkedTags.filterValues { it }.keys
19 val filteredAlbums = if (activeTags.isEmpty()) {
20 albums
21 } else {
22 albums.filter { album ->
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23 val albumGenres = album.genre.split(";")
24 activeTags.all { tag -> tag in albumGenres }
25 }
26 }
27 // Get all genres from the matched albums
28 val additionalGenres = filteredAlbums
29 .flatMap { album -> album.genre.split(";") } // Split genres into a flat list
30 .filter { tag -> tag.isNotBlank() } // Exclude empty or blank tags
31 .distinct() // Ensure unique genres
32 .filter { tag -> !checkedTags.getOrDefault(tag, false) }// Exclude already

checked tags
33

34 // Combine checked tags and additional genres
35 val listedTags = (activeTags + additionalGenres).distinct()
36

37 Scaffold(
38 modifier = Modifier.background(Color.White),
39 bottomBar = {
40 [...BottomAppBar()...]
41 },
42 ) { innerPadding ->
43 Column(
44 modifier = Modifier
45 .padding(innerPadding)
46 .background(color = Color.White),
47 ) {
48 if (musicViewModel.selectedAlbum == null) {
49 TagSearchModal(
50 tags = tags,
51 remainingTags = listedTags,
52 checkedTags = checkedTags,
53 onCheckedTagChange = { tag, isChecked ->
54 checkedTags[tag] = isChecked
55 Log.i("checked:", checkedTags.toString())
56 },
57 isModalOpen = musicViewModel.isTagSearchModalOpen,
58 onRemoveChecks = { tags.forEach { tag -> checkedTags[tag] = false

} },
59 onAddTag = onAddGenreTag,
60 onRemoveTag = onRemoveTag,
61 onModifyTagName = onModifyTagName,
62 albumCount = filteredAlbums.size
63 )
64 }
65

66 Row {
67 if (musicViewModel.selectedAlbum == null) {
68 [...AlbumListContainer()...]
69 } else {
70 [...AlbumSongList()...]
71 }
72 }
73 }
74 }
75 }

Listing 5.18: TagSearchModal in the MainApplication Composable.
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Figure 5.9 shows the view of the TagSearchModal:

Figure 5.9: The TagSearchModal displays the tags that are currently checked
as well as the remaining tags that are not also tags of the selected
albums. It also shows the number of albums having the selected tags.

The tag editing button changes the selected tag element into an input field with
the tag in it. The field can be modified, saved, or the changes can be undone.
If the changes are approved the application updates the UI, the cache, and the
phone storage with the modified genre attribute in each song that has it.

The tag deletion button appears as an "x" in the UI. When clicked, a confirmation
dialog appears (Figure 5.10) to verify that the user really wants to delete the tag.
Upon confirmation, the application updates the UI state variables and the cache,
and then calls a function to update the genre field in the metadata of all affected
song files. This is the same function as in the tag editing calls.

Figure 5.10: Dialog to confirm that a tag should really be deleted.
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The "Add New Tag" feature in the TagSearchModal only updates the UI tem-
porarily. After these tags are being assigned to songs they become permanent in
the application, and won’t be lost when the application closes. Users also can
permanently add new tags through the TagInputDialog Composable, which is
accessible via the "more" icon button in the AlbumSongList view (Figure 5.11).

Figure 5.11: TagInputDialog view in the application.

The first list shows the tags currently assigned to the album’s songs. These tags
can be removed using the "x" button. Users can add new tags either by typing
them in the text input field or by selecting from existing tags that aren’t yet
assigned to the songs. Users can confirm their changes by clicking "Apply tags."
The application then updates the UI state variables, the cache, and the phone
storage files if the necessary permissions are granted. If modification permissions
are missing, permission access dialogs will appear for each required file. Once all
permissions are granted, the phone storage can be updated.
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The updateGenre function is a Kotlin coroutine that updates the metadata of
audio files, specifically the genre, using the JAudiotagger library. It handles both
the in-memory modification of metadata and the file system changes to ensure
that the updated metadata persists.

Key functionality:

Coroutine for Background Execution: The function uses withCon-
text(Dispatchers.IO) to execute I/O-intensive tasks off the main thread, en-
suring smooth UI performance.

Processing Each Song: Loop through the list of SongUpdateInfo, where
each item contains the song ID, data path, and the updated genre.

Access the Audio File: Uses the ContentResolver to get the URI of the
audio file to access the media file. It also creates a temporary file to copy the
content of the MP3 file to a temporary file using input and output streams.
This step ensures that modifications are performed on a local copy before
writing them back to the original file.

Modify Metadata with JAudiotagger: This step first reads the tempo-
rary file using AudioFileIO.read. It gets or creates the Tag object for the
file, which represents the audio file genre field, updates the genre field (Field-
Key.GENRE) with the new value, and commits the changes to the tag using
audioFile.commit.

Write Updated File Back: This step first opens the he output stream for
the original file URI and then copies the modified temporary file’s content
back to the original file. It handles the security exceptions above Android 10
(by catching the RecoverableSecurityException) and when such an exception
occurs, it launches the IntentSenderRequest via the provided recoverablePer-
missionLauncher to request user permission for modifying the file.

Clean Up: Deletes the temporary file after it is no longer needed.

Refresh Media Database: Triggers a media scan using MediaScannerCon-
nection.scanFile. This ensures that the updated metadata is reflected in the
Android media database.

Added Delay Between Updates: The delay(5) between updates is there
to avoid the excessive use of system resources.

Display Toast Notifications: Displays feedback about whether the updates
were successful or not.

This concludes the Implementation chapter. The remaining chapter will discuss
use cases and potential future improvements to the application.
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Conclusion and Future Work

The application implemented in this thesis can play and categorize music col-
lections and provides a very flexible way to search and filter a music collection
according to one or multiple genre tags. Instead of using only the traditional
single-tag genre (e.g, “Rock”), albums can now be tagged with multiple existing
or custom-defined tags (e.g., ”Rock;Pop;Guitar;Running”). The application can
be considered very light-weight: it only takes approximately 38 MB of storage.
Extra space is only needed for caching information that speeds up the search for
all tags assigned to songs in the music collection. For example, with 12 albums
containing about 120 songs and 16 unique genre tag, the caching data makes the
application 50 MB bigger. This still makes it under 100 MB, but of course this
increases with the amount of albums and genre tags.

For future work there are a few things that can be improved. The first big issue is
that the Android development library allows update permissions only per song, so
when an album’s genre field is updated a permission dialog will pop up for every
song in the album. There is a permission that can handle this write permission
globally for the application, but if the application goes public on the Google Play
store it must be proven that such a permission is necessary before the public
can download the application. This needs more extra research to become familiar
with the requirements for getting this permission proven for the application.

Additionally the application genre retrieving function could also be optimized,
to find a way that the cache mechanism is not needed. The difficult part is
that it takes a lot of time to obtain all the songs’ genre data from the phone
storage even when using the function provided by the Android API, but there
is still the option to access the bytes of the file directly and to retrieve the
metadata information from there. This is not yet tested, because it is much more
complicated to implement, but it would probably take much less time.

Another improvement could be made on the architecture side of the application
at the Domain Layer. This would make it more readable and less complex for
developers, for example if the MusicViewModel would be refactored to a Permis-
sionViewModel, an AlbumViewModel, or a SongViewModel.

On the UI side some extra event widgets could be presented to show in which
state the application is. For example, one could have a hidden component that
can be opened to show the currently playing song name and duration. This could
also interact with volume bar and the current position of the music player while
the song is played.

All in all, I consider the application to be a good tool to help handling a music
collection in a way that modern streaming platforms or applications are missing.

69
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It’s utilising the genre metadata information in a modern way which is really
needed considering that music can represent much more then one genre attribute.
Because of this, the application can be considered to be an attractive tool for
handling owned music libraries on a mobile phone. With the popularity of AI,
one could even consider to use AI to detect characteristic of an album.
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