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Hello to all my dear friends and companions! :

I'm very happy to be with you on Day 22 of the
#30DaysOfAndroidChallenge. I know many of us have struggled
with long build times in large projects, and this can be incredibly
frustrating. But today, we're going to dive into one of the most
important and practical topics in the Android world: The Build
System and Gradle Optimization!
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Welcome back to the #30DaysOfAndroid Challenge! After
exploring the foundational concepts of the Build System and
Gradle on Day 21, today on Day 22 (Part 2 of 2), we are entering a
new and exciting phase. This section is designed for you, senior
developers and architects, who want to go beyond basic
configurations and efficiently manage your projects on a large
scale.

In the real world of software development, projects grow rapidly,
and the number of modules and dependencies increases. In such
situations, basic Gradle knowledge is not enough, and we need
advanced strategies to manage build time, complex
configurations, and automate processes.

In this article, we will delve into questions that occupy the minds
of Senior and Architect developers: from designing multi-module
build systems with optimized compilation to implementing
advanced optimizations for CI/CD pipelines, and architecting a
build system for hundreds of modules.

This content is a roadmap for you to manage Android projects
with exceptional speed and efficiency and to continuously
optimize your development processes.

Are you ready to journey into the depths of the Gradle world? Join
us as we enter the world of building fast and stable projects! Ç
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Senior Level Questions



Design a multi-module build system with optimized
compilation.

For large projects, a modular architecture is a non-
negotiable best practice. It breaks down a monolithic app
into smaller, independent, and reusable modules. An
effective multi-module build system is designed to maximize
Gradle's performance features while maintaining a clean,
maintainable structure.

Benefits of Modularization:
Improved Build Times: This is the primary reason. A
change in one module doesn't force a rebuild of the
entire project. Gradle's build cache and parallel
execution work best with a modular structure.
Encapsulation and Separation of Concerns: Each
module can represent a distinct feature or layer of your
application (e.g., :data, :domain, :feature_onboarding).
Code Reusability: Modules can be reused across
multiple applications or build variants.
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Designing the Module Structure:

A common and effective architecture follows a clean
architecture pattern:

:app Module: The entry point of your application. This
module contains the main Application class, the
AndroidManifest.xml, and the top-level navigation. It has
dependencies on feature modules.
:core Module: A base module that contains shared,
common code that is used by many other modules. This
can include utility classes, common UI components, and
shared configurations.
:data Module: This module is responsible for data
management. It contains your API clients, local database
implementations, and data models. It has dependencies
on the :domain module for business logic.
:domain Module: This is the pure business logic layer. It
contains use cases and repository interfaces. It has no
dependencies on Android frameworks, which makes it
highly testable.
:feature_X Modules: These are feature-specific modules
(e.g., :feature_profile, :feature_feed). They contain the UI
and business logic for a specific feature and depend on
the :data and :core modules.
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Optimizing Compilation with Dependency Management:

The way you manage dependencies between these modules
is critical for build performance.

Minimize Dependencies: A module should only depend
on what it absolutely needs. A feature module should
depend on the :data module's interface, not its
implementation details.
Use api vs. implementation:

implementation: This is the preferred dependency
configuration. It makes the dependency available to
the current module but not to modules that depend
on it. This significantly reduces the build time. A
change in a dependency only triggers a recompile of
the current module, not the whole dependency chain.
api: This makes the dependency available to all
modules that depend on the current module. It
should be used sparingly, typically only for modules
that expose a dependency as part of their public API
(e.g., a :core module that exposes a common UI
component library).
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Role of the Base or Core Module: 
The :core module is a powerful tool for consistency and
performance.

It centralizes common dependencies like Kotlin-ktx or
Coroutines.
A change in the :core module can cause many other
modules to recompile. Therefore, it's essential to keep
this module stable and only place truly universal code in
it.

By designing a clear, layered, and strictly-enforced
dependency structure, you can create a build system that
scales with the size of your project and remains fast and
productive.
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Implement advanced build optimizations for CI/CD pipelines.

For a professional CI/CD pipeline, every second of build time
is a cost. Advanced optimizations are crucial to ensure fast,
reliable builds and rapid feedback for developers.

1.Remote Build Caching:
Concept: This is the most significant optimization for a
CI environment. The CI runner saves its build outputs to
a shared, centralized cache server. When a new build
starts, it can fetch a cached result from a previous build,
even if it ran on a different machine.
Implementation: Configure a remote build cache
provider (e.g., Gradle Enterprise, a custom Artifactory
server). Add org.gradle.caching.remote.enabled=true to
your gradle.properties and configure the cache server
details in your settings file.
Benefit: If a developer pushes a change to a single
module, the CI can reuse the build results of all the
other, unchanged modules, drastically reducing build
time from minutes to seconds.
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2.CI-Specific Gradle Daemon:
Concept: In a CI environment, you should avoid the
overhead of starting a new Gradle daemon for every
build.
Implementation: In your CI configuration (e.g., GitHub
Actions, Jenkins), ensure the Gradle daemon is
persistent across jobs or configure a warm-up build
before the main build to get the daemon running.
Example (GitHub Actions): Use an action like gradle/
actions/setup-gradle to manage and cache the daemon's
state.

3.Parallel Execution on CI Runners:
Concept: Most CI providers offer multi-core virtual
machines. You should configure Gradle to use all
available cores.
Implementation: Add org.gradle.parallel=true to your
build configuration. For very large projects, you can even
split the build across multiple CI machines, a technique
known as "sharding."
Example (GitHub Actions): Use the strategy matrix to
run tests or builds for different modules in parallel on
separate runners.
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4.Leveraging Build Scans:
Concept: A Build Scan is a powerful diagnostic tool. You
should use it not only for local debugging but also in your
CI pipeline.
Implementation: Add the --scan flag to your Gradle
command in the CI script.
Benefit: A Build Scan can tell you exactly why a build
was slow: a non-cacheable task, a network bottleneck,
or a task dependency issue. You can then analyze the
scan from the CI dashboard and fix the bottleneck.

5.Artifact Caching:
Concept: The CI runner should cache the ~/.gradle and
other build directories. This prevents the CI from having
to re-download all the dependencies (e.g., from Maven
Central) on every run.
Implementation (GitHub Actions): Use the built-in
caching actions to cache the ~/.gradle directory.
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By implementing these advanced strategies, a senior
developer can ensure that the CI/CD pipeline is a lean,
fast, and highly-optimized feedback loop, allowing the
team to merge code and ship releases with confidence.
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How would you manage dependencies across multiple
modules?

Managing dependencies in a multi-module project can
quickly become complex. A single library might be used in 10
different modules, and a version update would require you
to change 10 different files. This is a maintenance nightmare
and can lead to version inconsistencies. The modern
solution is to centralize your dependency management.

The Problem with Decentralized Dependency
Management:

Version Drift: Different modules might end up using
different versions of the same library, leading to runtime
bugs and version conflicts.
Maintenance Overhead: Updating a library version
requires changing it in many places.
Lack of Consistency: It's hard to ensure that all modules
are using a consistent set of dependencies.
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Modern Solutions for Centralization:

1.Gradle Version Catalogs (Recommended):
Concept: Version Catalogs are the modern, built-in
solution for centralizing dependencies. It provides a
type-safe way to manage dependencies.
Implementation:

Create a file named libs.versions.toml in the gradle
directory at your project root.
Define all your dependency versions, libraries, and
bundles in this file.

Example (gradle/libs.versions.toml):
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Usage: In your build.gradle.kts files, you can now use the
catalog:

Benefit: It is type-safe, meaning you get autocompletion
and compile-time checks for your dependency names.
It's the most robust and scalable solution for
dependency management.



2.buildSrc Module:
Concept: buildSrc is a special Gradle module that is
compiled and added to the classpath before your main
build scripts are evaluated. You can use it to define
dependency versions in a central location using Kotlin
DSL.
Implementation:

Create a directory named buildSrc in your project
root.
Inside, create a build.gradle.kts file.
Create a Kotlin file to define your versions and
dependencies.

Example (buildSrc/src/main/kotlin/Dependencies.kt):
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Usage: In your build scripts, you can now reference
these objects:
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Benefit: This approach is type-safe and highly
customizable, but Version Catalogs are now the
preferred, officially supported solution.
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Both Version Catalogs and buildSrc are excellent
solutions. Version Catalogs are now the standard for new
projects, offering a declarative, type-safe, and out-of-the-
box solution for managing dependencies.
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Architect Level Questions



Architect a build system that supports hundreds of modules.
Architecting a build system for hundreds of modules
requires careful design to avoid build performance
degradation, maintain sanity for developers, and ensure the
system remains scalable. The challenges are not just
technical but also organizational.
1.Strict Dependency Graph Enforcement:

Problem: With hundreds of modules, it's easy to create
circular dependencies or have modules depend on each
other in an unstructured way. This breaks the build
cache and makes the project impossible to manage.
Architecture:

Acyclic Dependency Graph: Design a build system
where the dependency graph is a Directed Acyclic
Graph (DAG). A module should only be able to
depend on modules "below" it in the hierarchy.
Linting and Automation: Use custom Gradle tasks or
a static analysis tool to automatically check and fail
the build if a developer introduces a circular
dependency or a forbidden dependency.
Standardized Naming: Enforce a strict naming
convention for modules (e.g., :feature-onboarding,
:data-api, :data-impl). This makes the dependency
graph easier to reason about.
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2.Automated Dependency Management:
Problem: Manually managing hundreds of dependencies
is impossible.
Architecture:

Version Catalogs: Use a Version Catalog
(libs.versions.toml) as the single source of truth for
all dependency versions. This is non-negotiable for a
project of this scale.
Dependency Management Bots: Use a bot (e.g.,
Dependabot) to automatically create pull requests for
dependency version updates.
Custom Tasks: Create custom Gradle tasks to
automatically check for unused dependencies and
enforce version consistency across all modules.



Esmaeeil Moradi
@esmaeeil-moradi700

21

3.Build Performance at Scale:
Problem: With hundreds of modules, the build system
itself can become slow.
Architecture:

Remote Build Cache: A remote build cache is
essential. It must be robust, highly available, and fast.
Consider a dedicated, distributed cache server that
is optimized for performance.
Sharding: Split the test and build jobs across multiple
CI runners to enable true parallel execution.
Custom Build Tools: Use custom Gradle plugins to
automate boilerplate and reduce the size of
individual build.gradle.kts files. The plugins can
enforce configurations and abstract away
complexity.
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4.Developer Experience (DX):
Problem: It's hard for developers to navigate a project
with hundreds of modules.
Architecture:

include Directives: Use a custom Gradle script to
manage the include directives in settings.gradle.kts.
Developers should not be manually adding and
removing modules.
IDE Support: Ensure the build system works
seamlessly with Android Studio. The module
structure and dependencies should be clear and
easy to navigate.
Centralized Documentation: Maintain a wiki or a
dedicated section in the repository that clearly
explains the build system, the module structure, and
how to contribute new modules.
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By architecting a system with a strict dependency graph, a
robust remote cache, and a focus on automation, you can
create a build system that not only scales to hundreds of
modules but also remains fast, reliable, and easy for a
large development team to work with.



Design build optimization strategies for global development
teams.

For a global development team, build optimization needs to
address challenges that go beyond a single machine or CI
runner. Network latency, inconsistent environments, and
different hardware configurations can all impact productivity.

1.Remote Build Caching:
Problem: Developers in different regions have to
download dependencies and build from scratch, which is
slow.
Strategy: A robust remote build cache is the most critical
component.

Global Distribution: The cache server should be
geographically distributed to minimize latency for
developers and CI runners worldwide.
On-Premise vs. Cloud: Use a cloud-based solution
(e.g., a service like Gradle Enterprise or a self-hosted
one on a cloud provider with multi-region support)
that can be accessed globally.
Cache Hit Rate Monitoring: Continuously monitor the
cache hit rate to ensure it's effective. A low hit rate
signals a problem with the build system.
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2.Centralized Dependency Management:
Problem: Developers might rely on local, un-cached
dependencies, and version inconsistencies can arise.
Strategy: Use Gradle Version Catalogs to centralize all
dependencies.

Offline Mode: Encourage developers to use Gradle's
--offline mode to prevent them from hitting slow
network connections for every build. The centralized
catalog and remote cache will provide the necessary
artifacts.
Centralized Repository: For internal dependencies,
use a centralized repository (e.g., Artifactory, Nexus)
that is also geographically distributed, if possible.
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3.Consistent Build Environments:
Problem: "It works on my machine" is a classic problem.
Developers might have different JDK versions, Gradle
versions, or OS configurations.
Strategy: Standardize the build environment.

Gradle Wrapper: Always use the Gradle Wrapper
(gradlew). This ensures that everyone uses the same
Gradle version.
Docker Containers: In the CI pipeline, use a Docker
container to provide a completely consistent,
reproducible build environment. This prevents subtle
OS-specific issues.
Standardized IDE Configuration: Provide a
recommended .editorconfig file to ensure code style
consistency across the team.
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4.Leveraging Build Scans for Diagnostics:
Problem: A build is slow for a developer in India, but fast
for a developer in the UK. How do you diagnose that?
Strategy: Use Build Scans with every developer build.

Remote Analysis: A developer can run a build with --
scan and share the URL with the build architect. The
architect can analyze the build scan to diagnose the
problem remotely (e.g., a slow network download, a
slow compilation task on a specific machine).
Proactive Monitoring: The build system can be
configured to automatically post a build scan URL on
every CI build, allowing the team to proactively
identify and fix performance bottlenecks.
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By implementing these strategies, an architect can design
a build system that provides a fast, consistent, and
productive experience for a global development team,
regardless of their location or hardware.
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Create a build analytics and monitoring system for continuous
optimization.

A build analytics system turns build performance from a
guessing game into a data-driven, continuous optimization
process. It's about collecting, analyzing, and acting on build
metrics to ensure that the build system remains fast and
efficient over time.

System Architecture:
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Key Components and Implementation:

1.On-Device Metric Collection (Client-Side):
Gradle APIs: The most reliable way to get build data is
through Gradle's own APIs.

BuildListener: Listen for the start and end of the
entire build.
TaskExecutionListener: Listen for the start and end
of each individual task. This is where you can get the
most granular data.

Data to Collect:
task_name, task_path, task_duration_ms
cache_result (HIT, MISS, DISABLED)
build_duration_ms
build_version, gradle_version, jdk_version
os_info, cpu_cores
user_name (optional, with privacy in mind)
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2.Metric Ingestion and Backend:

Custom Gradle Plugin: The best way to implement this is
with a custom Gradle plugin. The plugin can listen to the
Gradle APIs, collect the data, and then send it to a
backend.
Backend Endpoint: The plugin should send the data to a
lightweight, dedicated API endpoint that is optimized for
high-volume data ingestion.
Scalable Database: Store the raw build data in a
scalable database. BigQuery is an excellent choice for
this, as it's optimized for analytical queries on large
datasets.
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3.Analytics and Visualization:

Dashboards: Create a dashboard to visualize the data.
Use a tool like Looker Studio (for BigQuery) or Grafana
(for time-series data).
Key Dashboards to Build:

Build Health Overview: A daily/weekly overview of
average build times, cache hit rates, and build
failures.
Build Time Trends: A graph showing how build times
are changing over time. A sudden spike in build time
after a new commit signals a potential regression.
Task Analysis: A dashboard showing which tasks are
the slowest, and how their performance is trending.
This helps you identify specific bottlenecks.
Cache Hit Rate by Developer: A dashboard showing
the cache hit rate for each developer and CI runner.
A low hit rate might signal a configuration issue or a
problem with the remote cache.

Esmaeeil Moradi
@esmaeeil-moradi700 32



4.Alerting and Continuous Improvement:

Threshold-Based Alerts: Set up alerts based on your
dashboards. For example, "Alert the team on Slack if the
average cold build time increases by more than 10% in a
week."
Automated Regression Detection: The system should
be able to automatically compare a new build's
performance against a baseline and flag a performance
regression.
Actionable Insights: The goal is to get beyond just
"builds are slow." The system should provide actionable
insights, such as "Task :app:kaptDebugKotlin is the
slowest task and is not benefiting from the build cache."

Esmaeeil Moradi
@esmaeeil-moradi700 33



By implementing a continuous build analytics system, an
architect empowers the team with data to make informed
decisions, proactively fix bottlenecks, and ensure that the
build system remains a well-oiled machine for years to
come.
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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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