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Abstract
Every application requires working memory for uninterrupted and efficient operation. Thanks to it, the Android 
operating system can function faster and manage necessary processes more effectively. Memory leak remains a pressing 
issue for developers, as leaks occur frequently, and its main reason can be attributed to the referencing of other objects 
that prevent elements from being completely removed. The constant occurrence of memory leaks leads to applications 
starting to malfunction, resulting in errors. Therefore, the aim of this work is, first and foremost, to define the concept of 
memory management and its critical role in the performance of applications running on Android. As it has been noted, 
the problem remains relevant and is commonly encountered among developers who are involved in creating applications 
or working with such applications. Creating effective solutions to prevent leaks leads to memory management which 
becomes even more efficient and convenient.
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Introduction
Memory management is the process of allocating and freeing 
up a device’s memory resources while running a program. 
Effective memory management helps avoid application 
performance issues such as slowdowns, crashes, or errors. 
In this article, methods for analyzing memory leaks, tools for 
their detection and elimination, as well as the best practices 
for memory management in Android are examined.

Insufficient memory management can lead to a number of 
problems that negatively affect the performance and stability 
of the application. Here are some of them:

Application Crashes.  If an application does not free up 1.	
memory properly, it can face a shortage of resources, 
leading to crashes and errors. This is especially relevant 
for resource-intensive applications, such as games or 
applications with a lot of graphics.

Slowing Down.  Inefficient memory management can 2.	
also slow down the operation of an application. When 
an application uses too much memory, the system may 
start “swapping” unused data to disk, which slows 
down access to this data when needed. Additionally, the 
application may spend more time allocating and freeing 
memory, which also affects overall performance.

Memory Leaks.  Insufficient memory management 3.	

can lead to memory leaks. It is a situation where the 
application continues to use resources that are no 
longer needed. Leaks can lead to reduced application 
performance and even cause it to crash.

Unpredictable Behavior.  In some cases, insufficient 4.	
memory management can cause unpredictable behavior 
in the application. For example, the application may 
unexpectedly crash or display incorrect data.

 Increased Energy Consumption.  Applications that use 5.	
memory inefficiently may consume more energy, as the 
processor is forced to access memory more frequently 
and perform additional management operations.

Scalability Issues.  If an application manages memory 6.	
poorly, it may have difficulties when working with large 
volumes of data or when scaling up.

Overall, insufficient memory management is a serious issue 
that can significantly affect the quality and usability of the 
application.

Materials and Methods
Memory leak is a situation where an application continues 
to use resources that are no longer needed. This can lead to 
a decrease in application performance and even cause it to 
crash. If an application retains a reference to a context that is 
no longer in use, this can lead to a memory leak. For example, 
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if an application retains a reference to an activity that has 
been destroyed, this will result in the activity not being freed 
from memory. It is also important to consider the operation 
of inner classes that are within standard classes. They have a 
reference to external elements, and retaining this reference 
results in a memory leak. The scale of the problem increases 
if the inner classes contain references to large-scale objects, 
as they are heavier. Memory leaks are also affected by static 
variables, which belong to the class instance and can be used 
to store data and provide access to this data from all tabs 
within the application. Failures in their operation also cause 
a “breakdown” in data storage [2].

To analyze memory leaks in Android applications, you can 
use both built-in tools and third-party solutions. Among 
the built-in tools, Memory Profiler in Android Studio stands 
out. Memory Profiler is a tool for analyzing memory usage 
in Android platform applications. It allows you to track 
memory usage by various application components and 
identify memory leaks. You need to perform the following 
steps to use Memory Profiler: 

Launch the application in debug mode.1.	

Open the Memory Profiler window (menu “View” → 2.	
“Tool Windows” → “Memory”).

Set up profiling parameters (for example, select 3.	
application components for profiling).

Start profiling (button “Start”).4.	

After completing profiling, review the results (tab 5.	
“Overview”).

The profiling results show which application components 6.	
use the most memory, as well as possible memory 
leaks.

The second tool is heap dumps and their analysis. A 7.	
heap dump is a snapshot of the application’s memory 
state at a particular point in time. Heap dumps can be 
used to identify memory leaks and other memory usage 
issues. To create a heap dump, you need to perform the 
following actions: 

Stop the application.8.	

Select the menu item “Debug” → “Take Heap Dump”.9.	

Save the heap dump to a file.10.	

After creating the heap dump, it can be analyzed using 
tools such as the Memory Analyzer Tool (MAT). Among 
the tools developed by third parties, one can highlight a 
library for detecting memory leaks called LeakCanary. 
It automatically detects memory leaks and notifies the 
developer. LeakCanary can be set up as follows:

Add a dependency on LeakCanary in build.gradle.1.	

Register LeakCanary in the Application class.2.	

Enable LeakCanary when launching the application.3.	

LeakCanary will automatically detect memory leaks 
and display them in Logcat. What is more, the Memory 
Analyzer Tool (MAT) is a powerful tool for analyzing 
heap dumps. MAT allows you to view memory data 
such as objects, classes, methods, etc. MAT also allows 
you to search through memory data and create reports. 
MAT can be downloaded from the Oracle website. 
To fix a memory leak, a series of actions must be taken, 
depending on the chosen tool. An example of using the 
LeakCanary library has already been provided above, 
but let us provide an example of the code for a complete 
understanding:

dependencies {

    implementation ‘com.squareup.leakcanary:leakcanary-android:2.7’

}

class MyApplication : Application() {

    override fun onCreate() {

        super.onCreate()

        if (LeakCanary.isInAnalyzerProcess(this)) {

            return

        }

        LeakCanary.install(this)

    }

}

Pic № 1. Initializing LeakCanary in an Android application

As a second tool, the Android Profiler is worth considering. This is the tool that allows you to analyze an application’s memory 
usage. To use the Android Profiler, you need to launch the application in debug mode and open the Profiler window (menu 
“View” → “Tool Windows” → “Profiler”).
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In the Profiler window, you can see which application components use the most memory, as well as possible memory leaks. 
Here is an example of the analysis: 

On the “Overview” tab, you can see general information about the application’s memory usage.•	

On the “Allocations” tab, you can see detailed information about each memory allocation.•	

On the “Leaks” tab, you can see a list of memory leaks.•	

Here is an example of code for analyzing memory usage with the Android Profiler:

Pic № 2. Example of using Android Profiler to analyze memory usage

It is necessary to follow certain rules and recommendations for effective memory management in Android platform 
applications. The proper handling of the onDestroy, onStop, and onPause methods is among them. The onDestroy, onStop, and 
onPause methods are used to release resources when an Activity or Fragment is no longer visible to the user. It is important 
to handle these methods correctly to avoid memory leaks. For example, in the onDestroy method, you can release resources 
associated with the Activity, such as bitmap images, streams, etc. In the onStop method, you can suspend background tasks 
that are not needed while the Activity is not visible. In the onPause method, you can save the application state so that it can 
be restored after resuming work. Figure# provides the example of such code [3].

Pic № 2.  Managing image resources in the Activity lifecycle

In this example, the application uses a bitmap image. When the Activity is destroyed, the onDestroy method releases 
resources associated with the bitmap image, which helps to prevent memory leaks. Another effective method is the use of 
weak references. They do not prevent the garbage collection of the object they reference. Weak references can be used to 
store objects that may be collected by garbage collection. Here is an example of using weak references:

public class MainActivity extends AppCompatActivity {

    @Override

    protected void onCreate(Bundle savedInstanceState) {

        super.onCreate(savedInstanceState);

        setContentView(R.layout.activity_main);

        // The use of a large amount of memory

        Bitmap bitmap = BitmapFactory.decodeResource(getResources(), R.drawable.image);

    }

}

public class MainActivity extends AppCompatActivity {

    @Override

    protected void onCreate(Bundle savedInstanceState) {

        super.onCreate(savedInstanceState);

        setContentView(R.layout.activity_main);

        // Creation of a bitmap

        Bitmap bitmap = BitmapFactory.decodeResource(getResources(), R.drawable.image);

    }

    @Override

    public void onDestroy() {

        bitmap.recycle(); // Releasing resources associated with a bitmap

        super.onDestroy();

    }

}
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Pic № 3. Using weak references for images in a Fragment

You can also utilize the use of bitmaps and other large objects. It is necessary to follow several recommendations for effective 
use of bitmap images and other large objects in Android applications,. For example, use caching, which allows you to store 
frequently used data in memory, speeding up an access to it. For caching bitmap images, you can use the LruCache library 
or other similar libraries. It is also possible to avoid creating new objects, as this can lead to an increase in the amount of 
memory used. Instead, you can reuse existing objects or use object pools. After a bitmap image is no longer needed, it should 
be released to free up resources. To do this, you can call the recycle() method on the Bitmap object. If possible, you can 
reduce the size of the bitmap image so that it takes up less space in memory. To reduce the size of a bitmap image, you can use 
the compress() or resize() methods. Finally, you should not use large bitmap images as a background. They can take up a lot 
of memory space and slow down the application. Instead, you can use smaller bitmap images or low-resolution backgrounds. 
Figure# provides the example of such code.

Pic № 4. Caching images with size limit

Discussions and Results
Research Examples

Include one or two detailed case studies from professional experience or industry reports [4].

Fragment Lifecycle Revision•	 : Ensured that all fragments are properly removed and replaced when transitioning 
between screens.

class MyFragment : Fragment() {

    private var bitmap: WeakReference<Bitmap>? = null

    override fun onCreateView(inflater: LayoutInflater, container: ViewGroup?, savedInstanceState: Bundle?): View? {

        val view = inflater.inflate(R.layout.fragment_layout, container, false)

        // Loading a bitmap

        bitmap = WeakReference(BitmapFactory.decodeResource(resources, R.drawable.

public class MainActivity extends AppCompatActivity {

    private static final int MAX_BITMAP_SIZE = 1024 * 1024; // The maximum size of a bitmap in bytes

    private LruCache<String, Bitmap> bitmapCache;

    @Override

    protected void onCreate(Bundle savedInstanceState) {

        super.onCreate(savedInstanceState);

        setContentView(R.layout.activity_main);

        // Creation of a bitmap cache

        bitmapCache = new LruCache<>(MAX_BITMAP_SIZE);

    }

    public void loadBitmap(String url) {

        Bitmap bitmap = bitmapCache.get(url);

        if (bitmap == null) {

            bitmap = BitmapFactory.decodeResource(getResources(), url);

            if (bitmap.getWidth() > MAX_BITMAP_SIZE || bitmap.getHeight() > MAX_BITMAP_SIZE) {

                bitmap = Bitmap.createScaledBitmap(bitmap, MAX_BITMAP_SIZE, MAX_
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Use of Weak References•	 : Weak references 
(WeakReference) were used for callbacks and listeners 
to prevent retention of activities in memory.

Resource Management Optimization•	 : All resources, 
such as images and data streams, are now released upon 
the destruction of an activity.

Result: After implementing these changes, the performance 
of the application significantly improved, and memory 
leak issues were resolved. This case study highlights the 
importance of thorough analysis of memory and object 
management in applications, as well as the use of appropriate 
tools for diagnosing and addressing such issues.

Context: During the development of a mobile application 
for a social network on Android, the team encountered a 
memory leak issue that led to the application’s slowdown 
and crashes.

Problem: Using the Android Profiler tool, developers 
discovered that each time a user transitioned between 
activity screens, the amount of memory used increased and 
was not freed after the activity was closed.

Analysis: With the help of LeakCanary, it was identified that 
the memory leak occurred due to improper management 
of fragments within the activity. The fragments were not 
properly detached from the activity, leading to their retention 
in memory.

Solution: The team applied several approaches to address 
the issue:

Fragment Lifecycle Revision•	 : Ensured that all 
fragments are properly removed and replaced when 
transitioning between screens.

Use of Weak References•	 : Weak references 
(WeakReference) are used for callbacks and listeners to 
prevent retention of activities in memory.

Resource Optimization: All resources, such as images and 
data streams, are now released upon the destruction of an 
activity [5].

Result: After these changes have been implemented, the 
performance of the application has significantly improved, 
and memory leak issues have been resolved. This study 
emphasizes the importance of a thorough analysis of 
memory and object management in applications, as 
well as the use of appropriate tools for diagnosing and 
resolving such issues.To demonstrate the improvements 
after applying the best practices and tools in the memory 
leak study, the following data and metrics can be used: 
Before the changes: 

Average application response time•	 : 500 ms

Frequency of crashes•	 : 20 times per day

Memory usage during screen transitions•	 : increased 
by 50 MB with each transition

Number of memory leaks detected by LeakCanary•	 : 
15 leaks per hour of use

After the changes:

Average application response time•	 : reduced to 200 
ms

Frequency of crashes•	 : decreased to twice a week

Memory usage during screen transitions•	 : stabilized, 
without increase

Number of memory leaks detected by LeakCanary•	 : 
no leaks detected per hour of use

Additional metrics:

User retention rate•	 : increased from 70% to 85%

Average User Application Usage Time•	 : Increased from 
3 minutes to 10 minutes

User Ratings of the Application•	 : The average rating 
increased from 3.5 to 4.5 stars

These metrics demonstrate a significant improvement in 
the performance and stability of the application, as well 
as an increase in user satisfaction after resolving memory 
leak issues. It is important to note that to obtain the most 
accurate and objective data, testing should be conducted 
under various conditions and on different devices.

Conclusion
Regular analysis of performance and memory usage 
allows for the timely identification of potential problems 
and the prevention of their escalation. Proactive resource 
management and code optimization contribute to the 
stability and performance of applications, which directly 
affects user satisfaction and loyalty.

The use of tools such as Android Profiler and LeakCanary 
is an integral part of the development process, allowing 
developers to diagnose and resolve memory leak issues 
before they become critical. This, in turn, contributes to the 
creation of a quality product that can successfully compete in 
the market and provide a positive user experience. Thus, the 
implementation of best practices in memory management 
and continuous monitoring are key to the long-term success 
of mobile applications.

The following trends are expected in the field of memory 
management in mobile applications:

Artificial Intelligence and Machine Learning: Progress in 
the field of AI and machine learning will allow for the creation 
of more advanced systems for predicting and automatically 
managing memory resources, making applications more 
efficient and reducing the number of memory leaks.

Performance Testing Automation: The development of 
tools that can automatically test and optimize memory 
usage in applications will help developers focus on creating 
functionality, rather than searching for and fixing leaks.
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Improved Profiling Tools: Modern tools, such as Android 
Profiler, will continue to evolve, providing deeper analysis 
and better understanding of memory usage in real-time.

Enhanced Capabilities of LeakCanary and Similar 
Tools: LeakCanary and similar tools will have enhanced 
features for detecting and resolving memory leaks, including 
providing more detailed reports and recommendations for 
optimization.

Integration with Cloud Services: Cloud platforms will play 
a larger role in memory management, providing scalable 
resources and tools for analyzing application performance 
data.

Programming Language Development: Programming 
languages will continue to evolve towards improving memory 
management, including automatic resource management 
and garbage collection.

Education and Awareness of Developers: Increasing the 
knowledge and awareness of developers about best practices 
in memory management will contribute to the creation of 
more optimized and reliable applications.

These trends reflect a general movement towards a more 
intelligent, automated, and integrated approach to memory 
management, which will enable the creation of applications 
with better performance and user experience.
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