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Hello everyonel

Welcome back to the #30DaysOfAndroid Challenge!

I'm Esmaeeil Moradi, your guide on this journey.

After building the foundational knowledge of Performance
Optimization in Day 17 (Part 1), we now dive into the most intricate
and demanding aspects of this critical domain.

Today, on Day 18 (Part 2 of 2), we're leveling up the discussion.
This part is designed for Senior and Architect-level developers
who aspire to build high-performance, enterprise-grade Android
applications. We'll explore the sophisticated challenges and
advanced solutions required to manage performance in large-
scale, mission-critical systems.
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We'll move beyond basic profiling and memory leak detection to
focus on macro-level strategies. We'll cover designing
comprehensive, real-time performance monitoring and alerting
systems, implementing advanced memory optimization
techniques for resource-constrained environments, and creating
performance regression prevention frameworks that can be
integrated into your continuous integration (ClI) pipelines.
Furthermore, we'll discuss how to architect performance
strategies for global-scale applications, ensuring a consistent and
high-quality user experience regardless of the user's location or
device.

Mastering these advanced concepts is crucial for any developer
aiming to lead complex projects or contribute to cutting-edge
mobile solutions in demanding sectors like FinTech or Web3. Get
ready to expand your expertise and architect the next generation
of resilient Android applications.

Let's dive into the core of high-performance system design!
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Senior Level Questions
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Create a comprehensive performance monitoring system.

A comprehensive performance monitoring system goes
beyond a single profiling session on a developer's machine.
It's about collecting real-world performance metrics from a
user base in production, a process known as Real User
Monitoring (RUM). This allows you to identify performance
bottlenecks that are unique to specific devices, network
conditions, or user behavior.

A robust system combines on-device logging with a
backend for aggregation and analysis.
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System Architecture:
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Key Components and Implementation:

1.0n-Device Metric Collection (Client-Side
Instrumentation):
e Firebase Performance Monitoring: This is the most
common and powerful tool for this purpose.
o Automatic Metrics: It automatically tracks key
metrics:
= App Startup Time: Cold and warm startup times.
= Network Latency: HTTP/S network request
latency, payload sizes, and success/failure rates.
= Frame Rendering: Automatically detects slow
rendering and frame drops (jank).
o Custom Traces: For specific code sections, you can
add custom traces to measure their execution time.
This is invaluable for measuring the performance of
business-critical operations.
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e Custom Attributes: Attach custom attributes to traces
to add context, such as user_id, screen_name, or
Is_premium_user. This allows you to segment your
performance data.

e Custom Monitoring: For metrics not covered by
Firebase, you can build your own system.

o Event Logging: Use an analytics SDK (e.g., Firebase
Analytics, Amplitude) to log custom events for
performance-critical actions with attached
parameters (e.g., event_name: 'slow_image_load’,
duration_ms: 1200).

o Memory Snapshotting: On onTrimMemory() with a
TRIM_MEMORY_RUNNING_CRITICAL level, you can
log the total memory usage or even trigger a heap
dump for later analysis (with user consent).

o Jank Monitoring: For pre-API 16, you can manually
monitor the Ul thread using a Choreographer
callback. For modern Android, use a custom
FrameMetrics listener or the
FrameMetricsAggregator.
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2.Backend Data Processing and Storage: '

e Firebase Integration: For Firebase Performance
Monitoring, the data is automatically collected and
stored. You can view it in the Firebase console or export
it to Google BigQuery for advanced analysis.

 Custom Backend: If you are building a custom system,
you need a backend to receive the performance events,
process them, and store them in a scalable database.

o Ingestion: Use a message queue (e.g., Kafka) to
handle high-volume event ingestion without
overwhelming the backend.

o Database: Store the data in a time-series database
or a data warehouse like BigQuery or Amazon
Redshift for efficient querying.
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2.Visualization and Alerting:

e Firebase Console: The Firebase console provides
excellent dashboards for a quick overview of
performance metrics.

e BigQuery & Custom Dashboards: With BigQuery, you
can write complex SQL queries to analyze your
performance data. For example, "Show me the 95th
percentile startup time for users on a specific device
model in a specific country."” You can then use tools like
Looker Studio or Grafana to visualize these results.

e Alerting: This is the most proactive part of the system.

o Thresholds: Define clear thresholds for key metrics
(e.qg., "Cold startup time > 4s," "Frame drop rate >
2%," "Network latency to endpoint X > 500ms").

o Integration: Use monitoring tools that can integrate
with your communication channels. For example, a
Firebase Alert or a custom script can send a
notification to a Slack channel or an email to the on-
call team when a threshold is breached.
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Example: Detecting a Performance Regression: I

1.A new app version (v2.1) is released.

2.The performance monitoring system in the backend
detects that the cold_startup_time metric for v2.1 has
increased by 20% compared to v2.0 (statistically
significant).

3. The system's alerting mechanism triggers, sending a
notification to the development team's Slack channel:
P-O ALERT: Startup time regression detected for v2.1.
P95 cold startup is now 4.5s (was 3.7s).

4.The development team immediately investigates the
changes between the versions, using the detailed
analytics to pinpoint the cause (e.g., a new library was
added to Application.onCreate()) and issues a hotfix.
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A comprehensive performance monitoring system is not
just a tool: it's a culture of performance-driven
development that allows teams to continuously measure,
improve, and prevent regressions in their applications.
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Implement advanced memory optimization techniques for
resource-constrained environments.

For senior developers and architects, advanced memory
optimization goes beyond simple leak prevention. It involves
a deep understanding of the Android memory model, the
Garbage Collector (GC), and techniques to reduce the app's
overall memory footprint, especially for devices with low
RAM (e.g., isLowRamDevice()).
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1. Reducing Memory Footprint: I

e Primitive Types over Objects: Where possible, use
primitive arrays (e.g., IntArray, ByteArray) over
collections of boxed objects (List<Int>, ArrayList<Byte>).
Each boxed object (Integer) has a significant memory
overhead (16 bytes on a 32-bit system) compared to a
primitive (int, 4 bytes).

o Efficient Data Structures:

e SparseArray / SparseBooleanArray: As mentioned
before, these are more memory-efficient than HashMap
for Int key mappings.

e ArrayMap / ArraySet: These are more memory-efficient
alternatives to HashMap and HashSet for smaller
collections (up to ~1000 items), as they avoid the
overhead of a full hash table.
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e onTrimMemory() Callback: This is the most important
callback for advanced memory management.

o TRIM_MEMORY_UI_HIDDEN: Your app's Ul is no
longer visible. A good time to release resources that
are only needed for the Ul (e.g., large images not in
the disk cache).

o TRIM_MEMORY_RUNNING_LOW: The system is
starting to run low on memory. Release all non-
critical caches.

o TRIM_LMEMORY_RUNNING_CRITICAL: The system is
extremely low on memory and will soon start killing
background processes. Release everything you can
safely release.

e Implementation:

fun onTrimMemory(leve

-

nTrimMemory(level)
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e Memory-Mapped Files (mmap): I

o Concept: Use mmap to map a file's content directly
into the app's address space. The system handles
paging the file content into and out of memory as
needed.

o Use Case: Loading large, read-only data files (e.g., a
large configuration file, a lookup table) without
loading the entire file into memory at once.

o Benefit: Reduces heap memory pressure and can be
very fast.

o Implementation: Use FileChannel.map() and a
MappedByteBuffer.
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2.Native Memory Management:

e Problem: Java heap memory is managed by the GC, but
native memory (e.g., from JNI calls, Bitmaps on older
Android) is not. Leaks in native code or incorrect JNI
usage can still cause OutOfMemoryErrors.

e Bitmaps: On API 26+, Bitmaps are allocated in the Java
heap, which is GC-managed. On older APls, the pixel
data was often in native memory. Be careful with manual
bitmap management on older devices.

e Monitoring: Use tools like LeakCanary for native
memory leaks, or use the native memory profiler in
Android Studio.
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3.Understanding Garbage Collection (GC):

e GC Pauses: The GC must "pause” your app's main
thread to do its work. Frequent GC pauses lead to Ul
jank.

e Generational GC: Android's GC is generational. It has a
"Young Generation" for new, short-lived objects and an
"Old Generation" for long-lived objects.

e Optimization Goal: The goal is to reduce the number of
objects promoted to the "Old Generation" by minimizing

object allocations and quickly freeing short-lived objects.

This reduces the frequency of expensive "full GC"
passes.
e Implementation:
o Minimize object creation: As mentioned before,
especially in onDraw() or onMeasure() methods.
o Object Pooling: Reuse objects instead of creating
new ones.
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4.0ptimizing RecyclerView and LazyColumn for Memory:

e ViewHolder Recyclability: Ensure your
RecyclerView.Adapter's onCreateViewHolder() and
onBindViewHolder() methods are efficient and don't
create new objects.

e RecycledViewPool: For nested RecyclerViews, use a
RecycledViewPool to share view holders and save
memory.

e Images: Never load images in onBindViewHolder(). Use
an image loading library that handles the request
lifecycle and threading for you.
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By applying these advanced techniques, you can
significantly reduce your app's memory footprint and
create a highly performant and stable application, even on
the most resource-constrained devices in your target

market.
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How would you optimize performance across different Android
versions?

Optimizing for performance across different Android
versions is a critical skill for senior developers, as the
platform's architecture and performance characteristics
have changed dramatically over time. A single-solution
approach will likely fail on either older or newer devices.

The key is to use conditional logic and leverage platform-
specific improvements while providing graceful fallbacks for
older versions.
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1. Background Execution & Services (APl 26+):

e Problem: Before Android 8.0 (APl 26), developers could
use IntentService or Services for background work
without major restrictions. On APl 26+, these are heavily
restricted.

e Solution:

o Conditional Code: Use if (Build.VERSION.SDK_INT >=
Build.VERSION_CODES.QO) to use modern APIs.

o WorkManager: Use WorkManager as the primary
solution for all deferrable background work.
WorkManager intelligently chooses the best
underlying API (JobScheduler, AlarmManager) based
on the API level, ensuring your code works reliably
across versions.

o Foreground Services: For tasks that truly must run
continuously and are user-visible, use Foreground
Services, but be mindful of the additional restrictions
on APl 29+ and 31+.

o App Startup Library: Use the App Startup library to
defer initialization of non-critical components to a
background thread, especially on older devices
where Application.onCreate() is a cold-start
bottleneck.
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2. Memory Management & Garbage Collection (GC):

e Problem: The GC has improved significantly over the
years. Modern devices use more efficient GCs (e.g.,
Concurrent Mark and Sweep, Garbage First) with fewer
and shorter pauses. Older devices had more aggressive
GC pauses that could cause jank.

e Solution:

o Aggressive Memory Management (Older APIs): On
older devices, be more aggressive with memory.
Implement onTrimMemory() and release caches more
readily.

o Bitmap Handling: Be careful with manual Bitmap
management on devices with API < 26, as the pixel
data was often in native memory. Let a library like
Coil or Glide handle this for you.

o Avoid largeHeap: A well-optimized app shouldn't
need largeHeap=true, but if you must, use a
conditional flag in your manifest for only the versions
or devices that require it.

Esmaeeil Moradi
™, @esmaeeil-moradi700

23



3. Ul Rendering & Animations:

e Problem: The rendering pipeline has evolved from the
software-based Canvas to hardware-accelerated
rendering on modern devices.

e Solution:

o Hardware Acceleration: Hardware acceleration is
enabled by default from APl 14. Ensure you don't
disable it unintentionally.

o Performance-based A/B Testing: For complex
animations or effects, use A/B testing or feature
flags. For example, on low-end devices
(isLowRamDevice()), disable a complex, CPU-
intensive animation.

o Use ConstraintLayout: ConstraintLayout is faster
than older layouts, especially RelativeLayout, due to
its flat view hierarchy. Use it consistently across all
APl levels.

o Conditional Animations: Use if
(Build.VERSION.SDK_INT >=
Build.VERSION_CODES.LOLLIPOP) for certain types
of View Property Animations that are more
performant on newer versions.
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4. Code Optimization: I

e Kotlin Coroutines: Coroutines are the modern way to
handle asynchronous work. While the library supports
older APIs, the underlying platform features have
improved.

e JobScheduler vs. AlarmManager: WorkManager
handles this for you, but understanding the difference is
key. JobScheduler is more efficient, batching tasks to
save battery. AlarmManager is less efficient but
necessary for older APIs.

e Conditional Features:

o Use feature flags (remote_config) to enable or
disable new, performance-intensive features based
on the API level or even the user's device model (e.g.,
only enable a camera-based AR feature on devices
with more than 6GB of RAM and API 30+).
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5. Tools and Monitoring:

ProGuard / R8: Ensure code shrinking and obfuscation is
enabled for all release builds. This reduces APK size and
can improve runtime performance.

Macrobenchmarks: Use the Jetpack Macrobenchmark
library to run performance tests on a wide range of
devices and API levels to catch regressions.

Firebase Performance Monitoring: This is a crucial tool
for a cross-version strategy. It automatically collects and
reports performance metrics (startup time, frame drops,
network latency) by device model, Android version, and
country, giving you the data to make informed decisions
about which optimizations are needed and where.
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By employing these strategies, a senior developer can
architect an app that provides the best possible
performance on modern flagship devices while remaining
fast, stable, and reliable on older, low-end devices,
thereby maximizing their user base and app quality.
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Architect Level Questions
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Architect a real-time performance monitoring and alerting

system.

Architecting a real-time performance monitoring and alerting
system for a mobile application requires a scalable, end-to-
end solution that can handle millions of data points from
devices and provide actionable insights to the development
team. The goal is to move from a reactive debugging model
to a proactive, "before-it-breaks" alerting system.

System Architecture:
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Key Components and Their Roles:

1.0n-Device Instrumentation (Client-Side):
e Role: The mobile app is instrumented to capture key
performance metrics.
e Implementation:

o Firebase Performance Monitoring: The foundation.
It automatically collects network, startup, and frame
rendering data.

o Custom Logging: For business-specific metrics (e.g.,
"login_api_latency_ms"), use a custom logging library
that asynchronously sends data to a central API.

o Contextual Data: Attach relevant contextual data to
each performance event: app_version, device_model,
os_version, country, user_id (anonymized),
network_type. This is crucial for debugging.
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2.Data Ingestion Layer: E—

e Role: A highly scalable and reliable endpoint to receive a
massive, continuous stream of data from all mobile
clients.

e Implementation:

e Firebase: The Firebase backend handles this
automatically for its own metrics.

e Custom Backend: Use a robust solution like a Cloud
Function, a dedicated API Gateway on AWS/Azure, or a
message queue endpoint. This layer should be designed
for high throughput and should not perform heavy
processing. Its primary job is to receive and pass the
data on.
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e 3.Stream Processing and Alerting: I

e Role: This is the brain of the system. It processes the
raw incoming data in real time to detect anomalies and
trigger alerts.

e Implementation:

o Firebase Alerts: The Firebase console provides a
built-in alerting system for its metrics (e.g., "Alert me
if cold startup time > 5 seconds on Android 12"). This
IS a great starting point.

o Custom Rules Engine: For more complex alerting,
use a stream processing framework like Apache Flink
or a simpler approach with Cloud Functions or
Lambda functions that are triggered by incoming
data.

o Logic: The rule engine's logic would be:

= Windowing: Aggregate data over a time window
(e.qg., "the last 5 minutes").

= Thresholds: Check if a metric (e.g.,
pP95_frame_drop_rate) crosses a predefined
threshold for a specific segment (e.g.,
device_model: "Pixel 6").

= Alert Triggers: If a rule is violated, the system
triggers a notification.
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4.Alerting System:
e Role: To notify the development team when a
performance issue is detected.
e Implementation:
o Integration: Integrate with tools that the team
actively monitors.
o Channels:
= Slack/Microsoft Teams: Send a detailed
message to a dedicated channel (e.g., #app-
performance-alerts) with the alert name, metric
value, threshold, and relevant context.
= Email: For less urgent, daily summaries.
= PagerDuty/Opsgenie: For critical, PO alerts that
require immediate attention (e.g., app crashes,
severe performance regressions).
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5.Centralized Data Storage: I

e Role: To store all the raw performance data for long-
term analysis, reporting, and ad-hoc queries.
e Implementation:
o Data Warehouse: Use a cloud data warehouse like
Google BigQuery. It is highly optimized for complex
SQL queries on massive datasets.
o Firebase Export: Firebase Performance Monitoring
data can be automatically exported to BigQuery for
this purpose.
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6.Visualization and Bl (Business Intelligence):

e Role: To provide dashboards and reports for engineers,
product managers, and executives to understand the
performance health of the application.

e Implementation:

o Looker Studio / Grafana: Use a visualization tool to
create custom dashboards that query the data in
BigQuery.

e Key Dashboards:

o High-Level Health: A dashboard showing the overall
trends for key metrics (startup time, crash rate, etc.)
over time.

o Regression Detection: A dashboard that compares
performance between different app versions.

o Segmented Analysis: Dashboards showing
performance broken down by country, device model,
or Android version.
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Example Alert Logic (Pseudo-code):
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This architecture provides a scalable and proactive way to
manage performance, moving the team from a defensive
stance to one of continuous optimization. It turns
performance data into a key driver for product quality and
engineering excellence.
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Design performance optimization strategies for global-scale
applications.

For global-scale applications, performance optimization
must consider factors beyond a single device, focusing on
the diversity of network conditions, device capabilities, and
user demographics across different regions. A "one-size-
fits-all" approach will result in a poor experience for many

users.
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Key Optimization Pillars:

1.Network Optimization:

e Content Delivery Networks (CDN): The most critical
component. Place your static content (images, videos,
CSS/JS files) on a CDN. This delivers content from a
server geographically closer to the user, drastically
reducing network latency and improving download
sSpeeds.

e Image Optimization:

o Dynamic Image Resizing: Don't just serve one image
size. Use a service (e.g., Cloudinary, Imgix) to
dynamically resize and compress images on the fly
based on the user's device (dp and dpi). This saves
bandwidth and memory.

o WebP & AVIF: Use modern image formats like WebP
or AVIF which offer superior compression to JPEG
and PNG. Check for format support at runtime or use
a library like Glide/Coil that handles it for you.
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e Throttling & Adaptive Loading:

o Check Network Quality: Use the
ConnectivityManager to check if the user is on Wi-Fi,
cellular, or a slow connection.

o Adaptive Behavior: Based on network quality, your
app can:

= Load lower-resolution images.
m Defer large downloads until a Wi-Fi connection is
available (WorkManager with
NetworkType. UNMETERED).
= Disable video autoplay or other data-intensive
features.
e APl Latency:

o Regional Servers: For a truly global scale, consider
having API servers in different regions to reduce
latency. Use a geo-fencing service to route traffic to
the closest server.

o APl Compression: Use Gzip or Brotli compression for
APl responses to reduce payload size.
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2.Device and OS Diversity:

e Conditional Code & Feature Flags: Use remote feature
flags to enable/disable performance-intensive features
based on the device's capabilities, not just the API level.

o Device Memory: Check
ActivityManager.isLowRamDevice() or query
getMemorylnfo() to adapt behavior (e.g., disable
complex animations, reduce image cache size).

o CPU Cores: Check
Runtime.getRuntime().availableProcessors() to adjust
thread pool sizes for parallel computations.

e APK Splits: Use APK splits to create different APKs for
different screen densities (-xxhdpi, -xhdpi) or
architectures (armeabi-v/7a, arm64-v8a). This reduces
the APK size, resulting in faster downloads and less
storage usage.

e Device-Specific Bugs: Performance issues can be
specific to a device manufacturer or model. Use your
performance monitoring system (with device model as a
key dimension) to identify and fix these.
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3.Client-Side Caching & Persistence:

e Aggressive Caching: Use a robust caching strategy for
all network responses. OkHttp's caching is excellent. Set
appropriate cache-control headers on your server.

o Offline First: Design the app to be "offline first" where
possible. Use a local database (Room) to store data. This
provides a fast user experience, as the app doesn't have
to wait for the network to load. WorkManager can then
sync data in the background.

Esmaeeil Moradi
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4.A/B Testing Performance Changes: '

e Concept: Don't just assume a change is a performance
improvement. A/B test it in the real world.

e Methodology:

o Create two app variants (e.g., Group A gets the new
optimization, Group B gets the old code).

o Use your performance monitoring system to track
metrics (e.g., startup time, network latency) for both
groups.

o Statistically analyze the results to see if the change
had a positive, negative, or no effect on
performance.

« Example: A/B test a new image loading strategy (e.g., a
new library or new configuration) to see its impact on
frame drops and memory usage on low-end devices in a
specific country.

5.User Data and Localization:

e Server-Side Rendering (Partial): For apps that are
heavily data-driven, a backend can pre-process and
render parts of the Ul (e.g., a complex feed). This
offloads heavy computation from the client.

e Region-Specific Content: Serve content and features
relevant to the user's region, reducing the amount of
irrelevant data that needs to be downloaded.
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By following these strategies, an architect can build a
global-scale application that is not only functional but also
fast, reliable, and respectful of the diverse network and
device conditions of its worldwide user base.
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Create a performance regression prevention framework for ’
continuous integration (Cl).

A performance regression prevention framework is a crucial
part of a mature CI/CD pipeline. It automates the process of
measuring app performance on every code change,
ensuring that a new commit doesn't inadvertently introduce
a performance bottleneck, such as a slow startup or
iIncreased memory usage.

The goal is to automate performance testing and block a
merge request if a regression is detected.
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Framework Architecture:

Esmaeeil Moradi
@esmaeeil-moradi700

46



Key Components and Implementation:

1.Dedicated Testing Environment:

e Consistent Hardware: Performance tests must run on a
consistent, stable environment. Use a dedicated physical
device farm (e.qg., Firebase Test Lab, AWS Device Farm)
or a stable emulator configuration.

e Isolating Variables: Ensure the test environment is
isolated (no other apps running), has a consistent
network connection, and a stable battery/CPU state.

2.Instrumentation & Testing Tools:
o Jetpack Macrobenchmark: This is the official and
most recommended tool.

= Purpose: It allows you to write automated tests
that measure app performance in a real-world
scenario (e.g., a start-up test, a scroll test).

= Methodology: It runs the test, performs a CPU
trace, and then uses a profiler to analyze the
trace and report metrics (e.g., frame_rate,
startup_time).

Esmaeeil Moradi
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Code Example:

@RunWith{Android
lass StartupBenchmark

e Custom Scripts: For more specialized tests, you can use
adb commands to collect performance data. For
example, adb shell dumpsys gfxinfo to get frame stats or
adb logcat to parse startup times.
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3.Baseline Generation and Management:

e Concept: You need a "source of truth" to compare
against. This is the baseline performance metric for your
app.

e Implementation:

o Run your performance benchmarks on a known,
stable commit (e.g., the main branch).

o Store the results (e.g., cold_startup_time = 3.5s,
P95_frame_rate = 58fps) in a database or a file (e.g.,
a JSON file in your repository).
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4.Comparison and Decision Logic:
e Role: The CI script is responsible for comparing the new

test results with the baseline.

e Implementation:
o Statistical Significance: Don't just compare raw

numbers. Check if the change is statistically
significant. A simple check is to define a tolerance
threshold (e.g., a 5% regression is acceptable, but a
10% regression is a failure).

e Decision:
o Success: If the new performance is within the

acceptable range, the CI pipeline continues.
o Failure: If a performance regression is detected, the

pipeline fails.

Esmaeeil Moradi

@esmaeeil-moradi700 >0




—

5.Alerting and Blocking:
e Role: The Cl system needs to clearly communicate the
failure and prevent the code from being merged.
e Implementation:

o GitHub Status Checks: The Cl system should post a
failed status check to the pull request. This prevents
the pull request from being merged.

o Notifications: Send a notification to the pull request
author and the team with the specific details of the
regression (e.g., "Performance regression detected
in MainActivity.startup(). P95 startup time increased
from 3.5s to 4.2s. Failing build.").

o Visualization: Store the results in a database and
generate a simple dashboard to show the
performance trend for each commit.
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Example CI Pipeline (GitHub Actions):

sults  build/outputs/macrobenchmark --baseline bas
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By integrating performance testing directly into the CI/CD
pipeline, development teams can catch regressions early
in the development cycle, before they ever reach a
production environment. This fosters a culture of
performance-aware development and ensures the
application's quality remains high over time.
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These comprehensive
answers aim to equip you with
the knowledge required for
Architect-level and Senior-
level interviews, and to make
informed architectural
decisions in your real-world

projects.Good luck.
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