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% Day 25

Taming the Memory Monster - Memory Management &
Performance Optimization for Flawless Android Apps

Hey Android Architects, Ambitious Developers, and anyone
tired of "slow" and "crashing" apps!

Is your Android app constantly "eating RAM"? Are you
struggling with sudden crashes or "OutOfMemoryError"
messages? Are your users complaining about high battery
consumption? It's time to take full control of your app's
memory usage and transform it into a high-performing,
unbeatable powerhouse!

Memory Management and Performance Optimization in
Android are not just an art, but an absolute necessity for
building stable, smooth, and user-friendly applications. In this
challenge, we're going beyond superficial advice to delve into
the deepest aspects of memory management and performance
optimization. This is a battle to eradicate Memory Leaks, tame
greedy Bitmaps, and ensure your app always operates at peak
efficiency.
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Introduction: —_
Why Memory Management is the Key to Your
App's Survival?

In the mobile world, memory is king, and every extra byte is
a blow to the user experience! Android applications face
unique challenges regarding resource consumption. Diverse
devices with varying memory capacities make this topic
even more critical.

Common problems arising from poor memory
management:

e OutOfMemoryError (OOM): Every developer's
nightmare, leading to sudden app crashes.

e Jank (Ul Frame Drops): When the Main Thread (Ul
Thread) is paused for Garbage Collection processing or
loading heavy resources, the app's Ul "freezes," resulting
In a terrible user experience.

e High Battery Consumption: Inefficient memory
management and excessive GC processes directly
negatively impact device battery life.

e Unexpected Crashes: Many crashes, even those not
directly OOMs, stem from hidden memory issues.




Impact on UX and Business:

Memory issues directly lead to user dissatisfaction, reduced
app usage, and ultimately, user loss and lower app rankings
in app stores. Smooth and resource-efficient applications
not only keep users happy but also signify quality and
professionalism in development.

Solution:

Memory Management and Performance Optimization are
introduced as comprehensive solutions for building smooth,
stable, and low-consumption applications. By focusing on
these principles, we can build apps that are both feature-
rich and flawless in terms of resource consumption and
responsiveness.
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Anatomy of Android Memory:

Understanding Your App's Critical Space

To optimize, we first need to understand what we're dealing
with.

 Heap and Garbage Collection (GC):

o Heap: This is the primary memory space where all
your Android app's Java/Kotlin objects (like Views,
Strings, Bitmaps, etc.) are stored. Every time you
create a new object, memory in the Heap is allocated
for it.

o Garbage Collection (GC): An automatic process in
the Java/ART virtual machine that searches for
objects that no longer have any references to them
and frees up the memory they occupy. Frequent or
long GC pauses can cause the application to "stutter”
and create Jank.
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e Types of Memory in Android:

o Dalvik/ART Heap: Memory used by your app's Java/
Kotlin objects (what you typically see in code).

o Native Memory: Memory used by C/C++ code. This
includes resources like large Bitmaps (whose pixels
are often held in Native Memory), or game engines.
This memory is not managed by Java's GC.

o Graphics Memory: Dedicated memory allocated for
textures and graphical surfaces used by the GPU.

e Memory Limitations:

o Each Android device, depending on its model and
RAM, has a specific limit for the app's Heap Size. If
your app exceeds this limit, OOM will occur.
Therefore, writing code that works well even on
resource-constrained devices is crucial.
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The Main Memory Killers and How to Identify
Them? -

Knowing the enemy is the first step to victory. Let's get
acquainted with the biggest memory offenders.

A. Bitmaps: The Biggest Memory Consumer
Bitmaps (images) are usually the largest memory consumers
in Android applications. If not managed correctly, they
quickly lead to OOM.
e Why are they problematic? A compressed PNG/JPEG
image on disk transforms into an uncompressed Bitmap
In memory upon loading. Its size in memory is typically
(pixel width * pixel height * bytes per pixel). A
2000x2000 pixel image with ARGB_8888 format (4 bytes
per pixel) consumes approximately 16 MB of memory!
 Dangerous Scenarios:

o Displaying high-resolution images (like photos taken
with a camera) in small ImageViews.

o Long lists (like a photo gallery) that load images
without optimization.

e Optimization Techniques:

o Sampling and Scaling: Loading images with
appropriate dimensions for the View they are to be
displayed in, rather than loading the full resolution.
Use BitmapFactory.Options and inSampleSize.
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fun decodeScaledBitmap(
res: Resources, resld: Int,
reqWidth: Int, regHeight: Int
): Bitmap <
val options = BitmapFactory.Options().apply 1
inJustDecodeBounds = true
3

BitmapFactory.decodeResource(res, resld, options)

options.inSampleSize = calculateInSampleSize(
options,
regWidth,
reqHeight

options.inJustDecodeBounds = false
return BitmapFactory.decodeResource(res, resId, options)

calculateInSampleSize(

options: BitmapFactory.Options,

regWidth: Int, regHeight: Int
): Int %

val (height: Int, width: Int) = options.run ¢
outHeight to outWidth

var inSampleSize = 1
if (height > regHeight || width > reqWidth) {

val halfHeight: Int = height / 2
val halfWidth: Int = width / 2

while (halfHeight / inSampleSize >= regHeight &&

halfWidth / inSampleSize >= regWidth

inSampleSize *= 2

g
L3

return i1nSampleSize
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e Caching: Using LruCache (for in-memory caching) and
DiskLruCache (for disk caching) to prevent repeated
Image loading and processing.

e Image Loading Libraries: It is highly recommended to
use optimized libraries like Glide, Coill, or Fresco. These
libraries automatically handle Caching, Downsampling,
Lifecycle management, and Recycling for you.

e Recycling Bitmaps: In older Android versions (up to API
10), it was necessary to manually call Bitmap.recycle().
However, in newer versions, the ART memory
management system has improved, and manual recycle()
calls are generally not needed, except in very specific
scenarios (e.g., when working with a very large number
of large, temporary Bitmaps that require immediate
release).
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B. Memory Leaks:
The Hidden Poison of Your App

Memory Leaks are among the most destructive memory
problems, and their detection can be challenging.

e Why are they dangerous? A Memory Leak occurs when
objects are logically no longer needed, but the Garbage
Collector cannot reclaim them because there is still a
strong reference to them. This leads to gradual memory
consumption, performance degradation, and ultimately
OOM.

—

e Common Types of Memory Leaks:

o Context Leaks: One of the most common Leaks
happens when you hold a strong reference to an
Activity or Fragment Context for longer than their
Lifecycle. For example, in a Background Thread, a
Handler, or a Singleton that holds a static Context.
When the Activity should be destroyed, due to the
strong reference, GC cannot reclaim it, and the Leak
occurs.

e Anonymous Inner Classes: Anonymous inner classes
(like Runnables or Listeners) implicitly hold a reference
to their outer class (e.g., Activity). If these inner classes
have a longer Lifecycle than the Activity (e.g., a
Runnable posted to a Handler that takes a long time to
execute), they can create a Leak.
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class MyActivity : AppCompatActivity() 1

override fun onCreate(savedInstanceState: Bundle?) 1<

super.onCreate(savedInstanceState)

e Static Fields: Holding strong references to Views or
Drawables in Static Fields can lead to Leaks, as Static
objects remain in memory as long as the app's Process is
alive.

e Registering Listeners without Unregistering: If you
register Listeners like BroadcastReceivers or
SensorEventListeners but fail to unregister them in
onDestroy() or onStop() (depending on the required
Lifecycle), a Leak will occur.

e Identification with Powerful Tools: LeakCanary and
Memory Profiler (explained in the next section) are your
champions in this battle.
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C. Large and Inefficient Collections —_—

Improper use of data structures can also waste memory.

e Problem: Using HashMaps or ArrayLists to hold a very
large number of objects, especially if the keys are
Integer or Long types, can lead to extra memory
consumption (due to Autoboxing and data structure
overhead).

e Solutions:

o Using SparseArray, ArrayMap, and their
derivatives: For storing smaller values or for Key-
Value mappings where keys are int or long, using
SparseArray, SparseBooleanArray, SparselntArray,
LongSparseArray, and ArrayMap (from AndroidX) is
more efficient than HashMap/ArrayList, as they avoid
Autoboxing and have less memory overhead.

val optimizedMap = SparseArray<String>()

optimizedMap.put(l, "Value 1")

, String>()
efficientMap["key" ] = "value"

e Object Pooling: Reusing frequently created and
destroyed objects (like small, temporary objects in a
tight loop), instead of constantly creating new ones. This
can reduce GC pauses and improve performance.
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D. Inefficient and "Garbage" Code
Certain coding habits can subtly consume memory.

o Excessive and Heavy Logs:Logs generated in a
production environment (sometimes forgotten to be
disabled) can occupy a significant amount of memory
and slow down performance. Always disable Logs in
production.

e Large Strings: Loading very long Strings (e.g., the entire
content of a large JSON or XML file) into memory at once
can be costly. If possible, use Streaming or process in
chunks.

e Autoboxing: Frequent conversion between primitive
types (like int, long, boolean) and Wrapper Classes (like
Integer, Long, Boolean) can create many temporary
objects and increase GC overhead. In loops and heavy
computations, use primitive types as much as possible.
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Hero Tools: .
ldentifying and Debugging Memory Issues

Without the right tools, diagnosing memory problems is like
searching in the dark. These tools are your eyes and ears in
the battle against memory issues.

e Android Studio Memory Profiler:

o The Most Powerful Native Tool: This tool in Android
Studio allows you to monitor your app's memory
consumption in real-time.

o Heap Dump and Reference Analysis: You can
capture a Heap Dump (a snapshot of all objects in
the Heap at a specific moment). You can then
analyze this Dump to see which objects are Iin
memory, how much space they occupy, and most
importantly, what prevents the Garbage Collector
from reclaiming them (analysis of strong references).
This is the best way to identify Memory Leaks.

o Allocations Tracking: This feature shows you where
objects are allocated memory over time and in which
parts of the code. This helps identify "hotspots" that
create many temporary objects.
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e How to Use (Conceptual): —_—)

1.Run your application in the Android Studio Profiler.

2.Go to the Memory tab.

3.For Heap Dump, click the "Capture Heap Dump" button.

4.After capturing the Dump, you can view different classes
and the number of Instances.

5.To identify a Leak, look for Destroyed Activitys or
Fragments that still have Retained Instances. By clicking
on them, examine the References to find the chain of
references preventing GC.

e LeakCanary: (A miracle for Memory Leaks!)

o Role: An incredibly useful library from Square that
automatically detects Memory Leaks in your app and
reports them to you.

o How to Use and How it Works: Simply by adding a
few lines of dependency in build.gradle, LeakCanary
starts working in the background. Whenever an
Activity or Fragment should be GC'd but isn't,
LeakCanary detects it and displays a notification with
full details of the reference chain that caused the
Leak.

o Power: It can easily find complex Leaks that are
difficult to pinpoint with the Memory Profiler.




e StrictMode:
A developer tool (not for production) that can detect
common problems like disk or network access on the Main
Thread during development and notify you. Enabling
StrictMode in your Application can help identify costly
behaviors early in the development process.

e Perfetto (Brief mention):
A system-wide and advanced tool for deeper Tracing and
Profiling of the operating system and application
performance, developed by Google. Perfetto is very
powerful for highly detailed Performance and Memory
analysis at a lower system level.
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Golden Techniques for Memory
Optimization

e RecyclerView:

o Importance: RecyclerView is the key element for
displaying long lists and the most optimized tool for
managing Ul memory and performance in lists.

o ViewHolder and Recycling Patterns: Ensure correct use
of the ViewHolder pattern and the Recycling mechanism of
Views to prevent costly re-creation of Views for each item.

o DiffUtil and ListAdapter: Use DiffUtil along with
ListAdapter for efficient updates of list items. This tool
only calculates the changes between two lists and
prevents unnecessary Ul updates that can cause Jank.

e Lazy Loading and On-Demand Resource Loading:

o Load resources only when they are currently needed.

o Example: Loading images only when RecyclerView needs
them, loading a module (Dynamic Feature Module) or a
high-quality image only when the user truly needs it.
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« Weak/Soft References (with caution): —_—

o Use in scenarios where you want to have a reference to an
object, but you don't want to prevent its Garbage
Collection.

o WeakReference: Allows the object to be garbage
collected, even if a WeakReference exists to it.

o SoftReference: Holds the object as long as system
memory is not low. If the system needs memory,
SoftReference'd objects are collected before
WeakReference'd ones.

o Caution: Improper use of these can lead to
NullPointerExceptions, as the object might be GC'd
unexpectedly.

e Object Pooling:

o Reusing objects that are frequently created and destroyed
(like small, temporary objects in a tight loop), instead of
constantly creating new ones. This can reduce GC
overhead and improve performance.

o Strong Lifecycle Management:

o Re-emphasis: Using Architecture Components like
ViewModel, LiveData, = Coroutines ScopeandFlowis
essential for properLifecyclemanagement of Ul
components and preventingMemory Leak s. These tools
help you correctly release resources when they are no
longer needed.

o Ensure unregistering Listeners and Subscriptions in
onDestroy() or onStop() methods (depending on the need)
to prevent strong references and Leaks.
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e Layout Optimization: —

o Layout Inspector: Use it in Android Studio to identify
Overdraw (pixels being drawn multiple times) and
unnecessary Nested Layouts that cause performance and
memory overhead.

o ConstraintLayout: Use it to create flatter Layouts and
reduce the depth of the View hierarchy. This helps with
faster Rendering and lower memory consumption.

o ViewStub: For loading complex Views that only need to be
displayed under specific conditions. ViewStub is a zero-
sized View that only inflates the actual View into the
Layout when you explicitly "inflate" it.

o Reduce Overdraw: Use "Debug GPU Overdraw" in the
Developer Options of the device to identify and reduce
Overdraw areas.

e APK Size Reduction:
A smaller APK means faster downloads and less storage space
consumption, which indirectly contributes to user experience and
resources.
o ProGuard/R8: For code shrinking, removing unused code,
compressing, and obfuscating code during the Build time.
o Vector Assets: Use Vector graphics instead of Bitmaps for
icons and simple images. Vectors are scalable, look clear
at any resolution, and have much smaller file sizes.
o WebP: Use the WebP format for images instead of PNG/
JPEG to reduce file size without significant loss of quality.
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Tips for Maintaining Performance and

Responsiveness

Memory and performance optimization goes beyond just coding
and requires a comprehensive approach.

o Continuous Profiling: Performance Optimization is an ongoing
process, not a one-time task. Regularly use Profiler tools to
identify and fix new issues.

o Jank Detection: Use Profile GPU Rendering and Layout
Inspector in the device's Developer Options to identify and fix
Ul Jank.

- Battery Management: Efficient memory usage directly leads
to lower battery consumption. More efficient apps are
battery-friendly.

« Development Environment: Always test your app on real
devices with limited resources (e.g., an older mid-range
phone), not just on emulators or flagship phones. The app's
true performance is revealed in more constrained
environments.
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Conclusion:
From a Resource Consumer to a
Performance Champion!

Memory management in Android is an art that requires
patience, knowledge, and the right tools. By mastering the
techniques for identifying and fixing Memory Leaks,
optimizing Bitmap usage, and applying best design
practices, you will be able to create applications that are
not only rich in features but also unparalleled in terms of
resource consumption and responsiveness.

The nightmare of OutOfMemoryErrors is over! With
today's knowledge, your app will transform from a
resource consumer into a performance champion. Start
now and take your Android apps to the peak of stability
and efficiency!

Which memory issue have you struggled with the most in
Android? What's your best trick for memory optimization?
Share your experiences in the comments below!
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Looking forward to your
Insights and experiences!

Let’s elevate Android
development together.

S
%

-~} Esmaeeil Moradi
4 . @esmaeeil-moradi/700




