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of #30DayAndroidChallenge:
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Hello everyone! I'm Esmaeeil Moradi, a Senior Android Architect.
Today, we're diving into a topic that separates good apps from
great ones: Performance at Scale. While a small app can get away
with a few performance hiccups, an enterprise-level application
with millions of users must be meticulously optimized. This is the
art and science of ensuring your app remains fast, smooth, and
responsive under any condition.
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Junior Level Questions
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How do you optimize app performance for millions of users?

Optimizing app performance for a massive user base starts
with fundamental principles that apply to any scale. The key
is to be disciplined about resource usage from the very
beginning.
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e Reduce Memory Usage: Use a memory profiler to find

memory leaks and avoid creating unnecessary objects,
especially in loops. Use efficient data structures like
SparseArray instead of HashMap when dealing with
integer keys. The less memory your app uses, the less
work the garbage collector has to do.

e Optimize Ul Rendering: Ensure your Ul is rendering at 60
frames per second (FPS) for a smooth user experience.
o Reduce Overdraw: Use the Debug GPU Overdraw
tool to identify redundant Ul elements being drawn.
o Simplify Layouts: Avoid deep nested view
hierarchies, as they are slow to measure and draw.
Use ConstraintLayout or Jetpack Compose which are
highly optimized for flat layouts.
o Use RecyclerView: For long lists, use RecyclerView
with ViewHolder to reuse views and save memory.

e Minimize Network Calls: Each network request
consumes battery and data.

o Batch Requests: Group multiple small requests into
one larger one.

o Cache Data: Cache network responses to avoid
making the same request repeatedly.

o Use OkHttp Interceptors: Implement interceptors to
add caching or compression headers.
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By focusing on these core principles, you build a solid
foundation for a performant application that can serve
millions of users.
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What are the key performance metrics for Android
applications?

To optimize performance, you must first be able to measure
it. Key performance metrics provide a quantitative way to
understand your app's health and user experience.
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e Startup Time: This is the time it takes for your app to
launch and become responsive to the user. A slow
startup time is a major reason for app uninstalls. It's
typically measured in two phases:

o Time to Initial Display: The time until the first frame
Is drawn.

o Time to Full Display: The time until the app is fully
rendered and ready for user interaction.

e Frame Rate (FPS): The number of frames your app
renders per second. A rate below 60 FPS results in
visible stuttering and a poor user experience. It's often
measured in terms of jank—any frame drop that causes
a visible lag.

e Memory Usage: The amount of RAM your app
consumes. High memory usage can lead to
OutOfMemoryErrors (OOM) or cause the system to Kill
your app when it needs more memory for other
processes.

e CPU Usage: The percentage of CPU time your app is
using. High CPU usage drains the battery and can make
the device hot.

e App Size: The size of the APK or App Bundle. A smaller
app size leads to a higher install rate, especially in
regions with slow or expensive mobile data.
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Monitoring these metrics is essential for identifying
bottlenecks and ensuring a smooth experience.
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Explain performance testing strategies. |

Performance testing is a crucial part of the development
lifecycle to ensure your app behaves well under various
conditions.

e Load Testing: Simulates a typical load to see how your
app performs under expected usage. For example,
testing how a user's profile page loads for thousands of
users simultaneously.

e Stress Testing: Pushes your app beyond its normal
limits (e.g., simulating 10x the expected load or running a
very long list scroll) to find its breaking point. This helps
identify resource limits and memory leaks.

e Unit Performance Tests: Focus on the performance of a
single component or function. You can use frameworks
like JUnit with performance annotations to test if a
specific algorithm is running within a defined time
budget.

e End-to-End (E2E) Performance Tests: Measure the
performance of a full user flow, from a button click to a
data fetch and Ul update. This provides a holistic view of
the user experience.
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—
Tools:

The Android Profiler is the most essential tool for on-device
testing. It provides detailed insights into CPU, memory,
network, and battery usage. You can also use automated
tools like Firebase Test Lab to run tests on a variety of
virtual and physical devices.
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Mid-Level Questions
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Implement performance monitoring for production
applications.

Production performance monitoring is critical for
understanding real-world performance from your live user
base. It allows you to catch performance regressions and
user-specific issues that may not appear in a controlled
testing environment.
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e Importance: In a large-scale application, a performance
issue affecting 1% of users still impacts thousands of
people. Production monitoring provides an early warning
system to catch these issues before they become
widespread. It also helps you measure the impact of new
features or updates.

e Tools:

o Firebase Performance Monitoring: A free, easy-to-
integrate tool that automatically collects data on app
startup time, network requests, and screen
rendering. You can also add custom traces to
measure the performance of specific code blocks.

o Sentry: Offers detailed crash and error monitoring,
but its performance monitoring features are also
excellent. It can track transaction performance and a
wide range of custom metrics.

o Custom Solutions: For large-scale enterprises, you
might build a custom solution using a client-side SDK
that sends data to a backend analytics service like
BigQuery or InfluxDB.
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Implementation Example with Firebase Performance
Monitoring:

—
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By integrating these tools, you get real-time insights into

your app's performance, allowing you to quickly identify
and fix bottlenecks.
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How do you optimize for different device capabilities and
hetwork conditions?

An app that performs well on a high-end flagship phone on
Wi-Fi might be unusable on a low-end device with a slow
mobile data connection. An adaptive strategy is key to
providing an optimal experience for all users.
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e Dynamic Feature Modules: Use Android App Bundles
with Dynamic Feature Modules to deliver only the
features a user needs. For example, a video editing
feature or a specific language pack can be downloaded
on demand. This reduces the initial app size and data
usage.

e Conditional Asset Loading: Load high-resolution images
and videos only when the user is on a fast network (e.g.,
Wi-Fi). You can use a lower-resolution placeholder for
mobile data users. This can be done by checking
network status using ConnectivityManager.

e Network-Aware Logic:

o Pre-fetching: When the user is on Wi-Fi, pre-fetch
data or content that they are likely to need later.

o Background Sync: Defer large data synchronization
tasks until the device is connected to a Wi-Fi network
and is charging. This saves battery and data.

o HTTP Caching: Use the Cache-Control header in
your network requests to instruct OkHttp or other
clients on how to cache responses, reducing network
calls.
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By adapting your app to the user's context, you can
provide a fast and reliable experience for everyone,
regardless of their device or network.
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Design performance budgets and alerting systems.

A performance budget is a set of measurable constraints that
your app must adhere to. It acts as a safety net to prevent
performance regressions from being merged into the main
codebase.

e What is a Performance Budget? A budget could be "app
startup time must be under 3 seconds on a low-end
device" or "the size of our core APK must not exceed 20
MB." It turns subjective performance goals into objective,
actionable metrics.
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e Role in Development Workflow: A performance budget

is most effective when integrated into the CI/CD pipeline.
o Preventing Regressions: When a developer submits
a pull request, the Cl pipeline runs a series of
performance tests. If a test fails because it violates
the performance budget (e.qg., it adds 2 MB to the
APK size), the build fails, and the developer is
notified.

e Alerting Systems:

o Definition: An automated system that sends a
notification to the development team when a
performance metric in production falls below a
predefined threshold.

o Setup: Use tools like Firebase Performance
Monitoring or Sentry with custom dashboards and
alerts. You can configure an alert to be triggered if,
for example, the median app startup time increases
by 10% in the last 24 hours. The alert can be sent to a
Slack channel or an email.

o Actionable Insights: The alerts should provide
enough information (e.g., the specific OS version,
device, or network type) to help the team quickly
diagnose the problem.
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By setting up these systems, you proactively monitor and
maintain a high level of performance, making it a shared
responsibility of the entire team.
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Senior Level Questions
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Create comprehensive performance optimization frameworks.

For a large organization, performance optimization goes
beyond individual features; it becomes an architectural
concern. A performance optimization framework provides a
centralized, automated way to manage this.
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e Architectural Approach: The framework should be a set
of libraries and build tools that are shared across all app
modules.

o Performance Abstractions: Create an abstract layer
for performance-critical components. For example,
instead of every developer writing their own image
loading logic, you provide a shared, highly optimized
iImage loading library.

o Centralized Tracing: Build a centralized tracing API
that makes it easy for developers to add custom
traces without having to worry about the underlying
performance monitoring tool.

o CI/CD Integration: Integrate automated performance
checks directly into the CI/CD pipeline.

= Build-time Checks: A Gradle plugin can analyze
new code for common anti-patterns or check for a
significant increase in app size.

= Test-time Checks: Run performance tests on
every pull request on a standardized set of
devices. If a benchmark fails, the build is marked
as a failure.

= Performance Dashboards: Create dashboards
that automatically visualize performance trends
over time, allowing the team to see the impact of
their changes.
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This framework turns performance optimization from a

one-off task into a continuous, automated process.
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Implement predictive performance analysis and optimization.

Predictive performance analysis takes performance
monitoring a step further by using data to anticipate future

issues before they happen.

Esmaeeil Moradi
@esmaeeil-moradi/700

27



—
e Concept: Instead of just reacting to a performance drop,
you analyze historical data to predict when a performance
metric might exceed a certain threshold.

e Methodology:

a.Data Collection: Continuously collect performance
metrics (startup time, FPS, etc.) along with user and
device data (OS version, device model, network type,
location).

b.Model Building: Use a machine learning or statistical
model to find correlations between these factors and
performance issues. For example, the model might
find that a specific version of your app on an older
Samsung device in a certain region consistently has
poor startup times.

c.Prediction: The model can then predict that as more
users in that region update to the new app version,
the number of poor startup experiences will increase.

d.Proactive Optimization: Based on this prediction, you
can proactively optimize that specific app flow for that
device type or region before users start reporting
issues. You can also use this to prioritize bug fixes.
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This approach allows you to move from a reactive to a
proactive performance strategy, which is critical for
maintaining a high-quality user experience at scale.
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How would you handle performance optimization for global user

bases?

A global user base introduces new challenges that go beyond
device and network diversity. You must account for factors

like network latency across continents and varying app store
and device ecosystems.
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e Latency Management:

o Content Delivery Network (CDN): Use a CDN to
distribute your app's assets (images, videos, static
data) to servers located closer to your users. This
dramatically reduces the time it takes to download
content.

o Localized Serverless Functions: For dynamic data,
use serverless functions (e.g., AWS Lambda, Google
Cloud Functions) in multiple regions. When a user in
Europe makes a request, the function in the European
region handles it, reducing latency.

e Region-Specific Optimizations:

o A/B Testing: Run A/B tests to optimize performance
for specific regions. For example, test a different
image compression algorithm for a region with
predominantly slow networks.

o App Bundle Delivery: Use Android App Bundles to
deliver only the code and resources specific to a
user's language and device configuration, which can
be particularly useful for global apps.

e Offline First: In many parts of the world, network
connectivity is not reliable. Design your app with a strong
offline-first strategy. Cache all critical data locally so the
app remains functional even without a network
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By addressing these global-scale challenges, you can
ensure a consistent, high-quality experience for users no
matter where they are.
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Architect Level Questions
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Architect performance monitoring systems that scale to millions
of devices.

Architecting a performance monitoring system for a global
application with millions of devices is a complex data
engineering problem. The system must be able to handle a
massive volume of data, process it efficiently, and provide
actionable insights.
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e Data Collection: Use a lightweight SDK on the client side
to collect performance metrics. The SDK should batch
events to minimize network calls and not impact battery
life. It should send data to a reliable ingestion endpoint.

e Data Ingestion and Aggregation: The data is sent to a
scalable ingestion service (e.g., a microservice running on
Google Cloud Run or AWS Lambda). This service should
validate the data and then push it to a stream processing
system like Google Cloud Pub/Sub or Kafka. The stream
processing system can aggregate raw data into
meaningful metrics (e.g., average startup time per device
model) and perform real-time alerting.
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e Data Storage: Store the aggregated data in a scalable
database designed for time-series data or analytics.
o Time-Series Database: Use a database like InfluxDB
or Prometheus for metrics that are time-based (e.g.,
FPS over time).
o Data Warehouse: Use a data warehouse like Google
BigQuery or Amazon Redshift for complex analytical

queries and to join performance data with user and
event data.

e Visualization and Alerting: Create dashboards using
tools like Grafana or Looker Studio to visualize
performance trends and drill down into specific issues.

The alerting system should be integrated here, triggering
notifications to the appropriate teams.
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This architecture ensures that the system can handle the
data volume from millions of devices while providing timely
and accurate insights to inform performance optimization
decisions.
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Design performance optimization strategies for heterogeneous
device ecosystems.

Optimizing for a wide range of devices (from low-end to
high-end) requires a sophisticated, multi-pronged strategy.
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e A/B Testing on Performance: Instead of implementing a
single optimization, use A/B testing to compare the
performance of different strategies on different device
cohorts. For example, test a new image compression
algorithm only on a group of low-end devices and
measure the impact on startup time and battery usage.

e Dynamic Delivery: Use Android App Bundles with
conditional delivery. This allows you to deliver different
versions of your app based on device capabilities. For
example, a high-end graphics module can be delivered
only to flagship devices, while a simplified version is
delivered to budget phones.
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e Device Profiles: Create device profiles based on a
combination of factors like RAM, CPU core count, and
screen density. For a low-end profile, enable a low-
performance mode that disables animations, uses
simplified Ul, and aggressively caches data.

 Performance Budgets for Device Tiers: Set different
performance budgets for different device tiers. For
example, a startup time budget of 2 seconds for high-end
devices and 5 seconds for low-end devices. This
acknowledges that not all devices can achieve the same
level of performance.

e Continuous Monitoring: The most critical part of this
strategy is continuous monitoring. Use production
monitoring tools to track the performance of your app on
every major device model.
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By employing these strategies, you can provide a tailored,
high-quality experience for every user, regardless of their
device.
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Create performance governance frameworks for large
development teams.

A performance governance framework is a set of principles,
processes, and tools that embed performance into the core
culture of a large development organization. It makes

performance everyone's responsibility, not just the
performance team's.
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o Establishing Performance Standards: —
o Core Principles: Define clear, top-level principles
(e.g., "The app must be responsive,” "We do not

introduce jank").

o Performance Budgets: Set clear, measurable
performance budgets for every team and every app.

 Regular Performance Audits:

o Code Audits: Conduct regular audits of performance-
critical code paths to ensure best practices are being
followed.

o System Audits: Periodically audit the entire app on a
variety of devices to find any new performance
regressions.

e Integrating Performance Accountability:

o CI/CD: As mentioned, integrate automated
performance checks into the CI/CD pipeline. No pull
request that violates a performance budget should be
merged.

o Dashboards: Provide a public, real-time performance
dashboard for every team. This creates transparency
and a sense of ownership.

o Training: Provide training sessions on performance
best practices for all new developers.

o Rewards: Recognize teams and individuals who
contribute to significant performance improvements.
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This framework transforms performance from a reactive
firefighting activity into a proactive, continuous, and
integrated part of the development process.
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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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