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Day 27

of #30DayAndroidChallenge:
Comprehensive Answers for "Day 27: Advanced Architecture
Patterns" - #30DayAndroidChallenge

Hello everyone, especially to all the architects and fellow
engineers! A warm greeting to my constant companions on this
journey!

Today, we're diving into one of the deepest and most crucial
topics in the world of software development: Advanced
Architectural Patterns. This subject is the backbone of large and
stable applications, and mastering it demonstrates the maturity
and vision of a software engineer. We're in the final stretch of our
challenge, so let's push forward to create an exceptional PDF!
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Junior Level Questions
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Explain clean architecture principles in the Android context.

Clean Architecture is a software architectural pattern
introduced by Robert C. Martin (Uncle Bob). Its main goal
Is to create a system with a strong separation of concerns

and high testability.

Core Principles:

1.Separation of Concerns: Each layer of the architecture
has a specific responsibility. This makes the code more
maintainable and understandable.

2.The Dependency Rule: This is the most important
principle. Dependencies must always point inwards,
towards the core. Inner layers have no knowledge of
outer layers. This ensures the core business logic
remains independent of the Ul, database, and network.

3. Testability: Because of the separation, you can test the
core logic (the Domain layer) without needing any
Android dependencies.
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Implementation in Android:

Clean Architecture in Android is typically divided into
three main layers:

e Domain Layer (Innermost): This layer contains the core
business logic and business models. It includes Use
Cases (or Interactors) that implement application-
specific scenarios, Entities (core models), and Repository
Interfaces. This layer is completely independent of
Android and should be written using plain Kotlin/Java
classes.

o Data Layer (Outer Layer): This layer is responsible for
implementing the Repository Interfaces from the Domain
layer. It includes data sources like a local database
(Room), network services (Retrofit), and a cache. It
retrieves data from external sources and prepares it in a
format suitable for the Domain layer.

e Presentation Layer (Outermost): This layer contains the
user interface (Ul) and its related logic. It includes
Activities, Fragments, and ViewModels. This layer
requests data from the Use Cases and displays the
results to the user.
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—

This structure guarantees a unidirectional dependency
flow and allows you to change each part of the application
independently without affecting other parts.
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—

What is hexagonal architecture and what are its benefits?

Hexagonal Architecture, also known as "Ports and
Adapters”, is an architectural pattern that isolates the core
application logic from its external dependencies. Instead of
layers, this pattern focuses on boundaries.

" Retrieval =
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Concept: I

e Application Core (Inside): The core contains the main
business logic. This core has no knowledge of how it
communicates with the outside world.

e Ports: Ports are interfaces that the core application
defines. These are the gates for data to enter or leave
the core.

e Adapters: Adapters are classes that implement the
ports. They are the bridge between the core and the
external world (such as the Ul, database, or network
services).

Main Benefits:

e Strong Decoupling: The core application is isolated from
any external dependencies (like Ul frameworks or
databases).

e High Testability: You can test the core application
independently without needing to set up the Ul,
database, or network. You just need to create mock
adapters to test the ports.

e Flexibility: You can replace one adapter with another
(e.g., from an SQLite database to Realm or from a View-
based Ul to Jetpack Compose) without changing the
core business logic.
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Hexagonal Architecture provides a powerful framework
for designing maintainable and flexible systems and is
often used as a foundation for Clean Architecture.
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How do you implement domain-driven design in Android?

Domain-Driven Design (DDD) is a software development
approach for applications with complex business logic. Its
goal is to align software development with business needs
by meticulously modeling the domain.

Key DDD Concepts:

e Entities: Objects with a unigque identity and a lifecycle.

e Value Objects: Objects that have no identity and are
defined solely by their values.

e Aggregates: A cluster of Entities and Value Objects that
are treated as a single unit.

e Repositories: Interfaces for accessing Aggregates. They
separate the data layer from the domain layer.
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Implementation in an Android App
(Example: an e-commerce app):

1.Identify Domain Concepts: Identify the core concepts of
an online store: Order, Product, Customer.

2.Model as DDD:

e Entity: An Order is an Entity because it has a unique
orderld and its lifecycle (from Placed to Shipped and
Delivered) is important.

e Value Object: An Address is a Value Object because it's
defined by its values (street, city, zip code) and has no
unigue identity. A Price is also a Value Object.

e Aggregate: An Order can be an Aggregate. An Order
includes one or more Lineltems (internal entities that
refer to a Product and Price).

e Repository: Define an OrderRepository interface in the
Domain layer with methods like findByld(orderld) and
save(order). The implementation of this interface is done
in the Data layer (e.g., using Retrofit to communicate
with an API).
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Benefit:
DDD allows you to build an app that accurately reflects

complex business logic, prevents confusion, and
facilitates communication between technical and business

teams.
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Mid-Level Questions

Esmaeeil Moradi
@esmaeeil-moradi/00

13



—
Design CQRS (Command Query Responsibility Segregation)

for Android.

CQRS is an architectural pattern that separates the
responsibilities of read (Query) and write (Command)
operations. Instead of using a single data model, it uses two
separate models for reading and writing.

Concept:

e Command: A directive object that requests an operation
to change the application's state (e.g.,
PlaceOrderCommand). Commands don't return a value
and are only responsible for state changes.

e Query: An object that requests data from the application
(e.g., GetOrderDetailsQuery). Queries don't change any
state and are only responsible for providing data.
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Designhing the Workflow in Android:

1.Presentation Layer: The user performs an action (e.g.,
clicks the "Place Order" button). The View/ViewModel
creates a Command and sends it to a CommandHandler
in the Domain layer.

2.Domain Layer: The CommandHandler executes the
process for the Command. This includes validation,
business logic, and finally, storing the changes in the
data source.

3.Separate Data Models:

o For Writing (Write Model): Use a data model
optimized for transactions and validation.

o For Reading (Read Model): Use a simpler, optimized
data model for displaying data in the Ul. This can be
a View Model or a Projection.

4.Data Fetching: When the View/ViewModel needs to
display data, it sends a Query to a QueryHandler. The
QueryHandler retrieves the data directly from the read
model and returns it.
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Benefits:

e Better Performance: The read model can be very
lightweight and optimized for display, making data
fetching much faster.

o Complexity Management: By separating reading and
writing, the code logic becomes simpler.

e Scalability: You can scale the read model independently
of the write model.
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CQRS is very useful for apps with a lot of read and write

operations (like social nhetworks) but comes with a higher
initial complexity.
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Implement event-driven architecture patterns.

Event-Driven Architecture (EDA) is a pattern where
application components communicate by publishing,
consuming, and reacting to events. This pattern significantly
reduces coupling between components.

Concept:
e Event: An event represents that something has happened
(e.g., UserLoggedIlnEvent). Events are stateless.
e Publisher: The component that publishes an event.
e Consumer: The component that listens for an event and
reacts to it.

Implementation in Android with Kotlin Flow:

You can use SharedFlow or StateFlow in Kotlin Flow as an
Event Bus. This approach is a safe and modern alternative to
older libraries.
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Example:
p e 11 : 11 ﬁ
Suppose you want to pass a "user logged in" event from an

Auth module to an Analytics module.

ass Appkvent <

s UserLoggedin(va

lass AuthViewMoael +

a Tul :|;|E|in isarld: Strir

lass AnalyticsService §

fun startListening!

${event.userid} logged in
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This approach decouples the Auth module from the
Analytics module. The AuthViewModel only publishes the
event and doesn't know who is listening. This makes the
system more maintainable and scalable.
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How would you handle cross-cutting concerns in layered
architecture?

Cross-cutting concerns are functionalities that are repeated
across multiple layers and modules of a system, such as
logging, authentication, caching, or security. Placing this logic
In every layer leads to code contamination and duplication.

Design Patterns to Manage These Concerns:
1.Interceptor: This pattern is common for network APIs.
You can add an Interceptor to OkHttp to intercept and
manipulate network requests and responses.

o Use Case: To add an authentication token to the
headers of all requests or to log every request and
response.

o Benefit: This logic is managed centrally in one place
and prevents code duplication in all API calls.

2.Decorator: This pattern dynamically adds new
functionality to an existing object without altering its
structure.

o Use Case: You can wrap a Repository with a
RepositoryDecorator to add caching functionality.
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rface UserRepository -

spend fun getUser

Benefit: The caching logic is cleanly separated from the
core repository logic.
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3.Aspect-Oriented Programming (AOP):

o A programming paradigm that allows you to define
cross-cutting concerns centrally and apply them
across the application. Libraries like Aspectd do this
at compile or runtime. AOP is more complex but is
very powerful for managing large-scale logging
concerns.
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Using these patterns keeps your code clean and
maintainable and prevents the core logic from being
polluted with irrelevant details.
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Senior Level Questions
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Create a microservices-style architecture for large Android ’

applications.

Microservices are a pattern where a large application is
divided into a collection of small, independent services. This
concept has also made its way into the mobile world, often
called a "Micro-frontend" or "Micro-app" architecture.

Concept in Mobile:

Instead of a single large, monolithic app, the mobile app is
divided into multiple independent modules (each responsible
for a specific feature or domain). Each module can be
developed by a separate team and have its own release
cycle. This approach is especially suitable for large
companies with multiple teams working on a single app.
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Benefits:

e Team Autonomy: Teams can work independently, have
fewer dependencies on each other, and can use different
technologies.

e Faster Development Cycles: Each team can develop its
features independently and more quickly.

e Build Optimization: Due to modularity, build times are
significantly reduced.

Challenges and Solutions:

e Dependency Management: You must have a centralized
dependency management system (like Gradle Version
Catalogs) for managing shared dependencies.

e Inter-Module Communication: Communication should be
handled through a central interface (like a Deep Link
Router) to avoid direct dependencies between modules.

e Shared Components: Shared components like Ul
libraries, network services, and analytics tools should be
placed in a central module that all other modules depend
on.
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This architecture allows you to manage complexity

efficiently in a large application and scale the development
process.
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Implement event sourcing for complex business logic.

Event Sourcing is an architectural pattern where, instead of
storing the current state of an application, all changes to the
state are stored as a sequence of events.

Concept:
e Every change in the application is recorded as an
immutable event.
e The current state of the application is created by
"replaying" all events from the beginning to the end.

Use Case Scenario
(Example: a financial transaction system):

e A banking system records events like AccountCreated,
MoneyDeposited, and MoneyWithdrawn instead of
storing the current account balance.

e To calculate the current balance, you just need to replay

all the events related to that account from the beginning.
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Implementation in Android:

1.Event Store: Instead of a regular database, use a
database optimized for recording events (like SQLite or a
simple file). Each row is an event.

2.Storage Process: Any operation that changes the state
(e.g., a Use Case) creates an event and appends it to the
event store.

3.Modeling the Current State (Projection): Create a
Projection or Reducer (similar to Redux) that consumes
events and produces a read-only model for the Ul.

4.Reconstitution: The state of an entity at any time can be
calculated by replaying all of that entity's events from the

event store.

Benefits:
e Full Auditability: You can track all state changes

precisely.

e Debugging: Replaying events helps you easily go back to
any state of the application to find bugs.

e Data Immutability: Events are immutable, which means

they cannot be changed.
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Event Sourcing has a higher initial complexity, but it is very
powerful for domains where accuracy and change tracking
are crucial (like financial and security systems).
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How would you design architecture for real-time collaborative
applications?

Real-time collaborative apps (like Google Docs or Figma)
have specific architectural challenges that require special
strategies for data synchronization and a smooth user

experience.
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1. Data Synchronization:

e WebSockets: Use the WebSockets protocol to create a
persistent, bidirectional communication channel between
the client (the Android app) and the server. This protocol
is ideal for sending real-time updates from the server to
the client.

e Firebase Realtime Database / Firestore: These services
offer a ready-made solution for data synchronization.
When data changes in the database, all connected clients
are automatically updated.

2. Optimistic Ul Updates:

e Concept: Update the Ul immediately after a user
performs an action, before a confirmation response is
received from the server.

e Workflow: The user performs an action (e.g., deletes an
item from a list) -> the Ul optimistically removes the item
-> a request is sent to the server. If the server returns a
successful response, nothing happens. If it returns an
error, the Ul reverts to its previous state.

e Benefit: This makes the user experience much faster and
smoother, as the user doesn't have to wait for the
server's response.
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3. Conflict Resolution:
e Concept: In a real-time system, two users might change
the same data simultaneously. This causes a conflict.
e Solutions:

o Last Write Wins: The last change wins. This is the
simplest method, but it can cause the loss of another
user's data.

o Operational Transformation (OT): A more complex
algorithm that transforms changes so that conflicts
are resolved intelligently. This pattern is used in
Google Docs.

o Immutable Documents: You can use a pattern similar
to Event Sourcing, where each change creates a new
event.
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The architecture of real-time apps is a combination of
efficient communication, intelligent data synchronization,
and strategies for smoothing the user experience.
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Architect Level Questions
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Architect distributed systems that work across mobile and
backend services.

Designing a distributed system for mobile requires a deep
understanding of Service-Oriented Architectures. The
Android app in this system is just a client that talks to multiple
backend services.
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Key Architectural Components:

1. APl Gateway:

o Concept: A single entry point for all client requests.
Instead of the mobile app talking directly to different
services, all requests are sent to the Gateway.

o Responsibilities: Routing requests, authentication, rate
limiting, and combining responses from multiple
services.

o Benefit: It hides the complexity of the backend
infrastructure from the mobile app.

2.Service Discovery:

o Concept: Backend services are made available
dynamically. The Gateway needs to know where each
service is running.

o Solution: Use tools like Consul or Eureka that allow the
Gateway to find the addresses of the services.
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3.Data Management and Consistency:

o Concept: In a distributed system, data is scattered
across multiple databases in different services.
Maintaining data consistency is a major challenge.

o Solutions:

= Eventual Consistency: You allow data to be
temporarily inconsistent, but it eventually
synchronizes. This is suitable for most non-
financial applications.

= Distributed Transactions: Use patterns like the
Saga Pattern to manage transactions that involve
multiple services.

4.Mobile App Communication:

o From the API Gateway, you can use an efficient
protocol (like gRPC or GraphQL) for communication
with the mobile app that is optimized for low data
volume and combined requests.
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This approach allows a business to manage its own rules,
reducing the dependency on developers and increasing the
speed of business logic changes.
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Design architectural patterns that support global-scale
applications.

Designing a global-scale application requires considering
geographical, cultural, and technical factors. The goal is to
provide a fast and stable user experience to users anywhere
in the world.
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1.Use a Content Delivery Network (CDN):

e Concept: A CDN stores the static content of the app (like
images, videos, and CSS/JS files) on servers close to the
users.

e Benefit: This significantly reduces loading times because
the content is delivered from the nearest server.

2.Geo-location-based Services:

e Concept: Store and process data in data centers near the
users.

e Benefit: This reduces latency. For example, a bank can
store the data of its European users on a server in
Europe.

e Challenge: Managing data consistency between different
regions is a major challenge.
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3.Multi-language and Localization Management:

e Concept: The app's content must be appropriate for each

language and locale.
e Solution: Use native Android tools to manage strings,
images, and date/time formats for each language.

4.Design for Failure:

e Concept: In a global system, there's always a possibility
of a server or a region failing.

e Solution: The app should be able to automatically
connect to a failover server in another region. You must
have strong caching strategies for offline mode so users
have a good experience if the network is down.

5.Distributed Data Management:
e Data Consistency: Use a distributed database with
synchronization capabilities between different regions.
e Data Sharding: Partition the data based on geographical
criteria into multiple databases.
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These patterns allow you to design an app that can handle
massive traffic from anywhere in the world and provide an
excellent user experience.
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Create architecture governance frameworks for large
development organizations.

Architecture Governance is a process that ensures all
projects in an organization adhere to architectural standards
principles, and best practices. Its goal is to prevent chaos,
iIncrease quality, and reduce long-term maintenance costs.
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Key Components of a Governance Framework:

1.Architectural Principles:

e Define a set of principles that teams must follow (e.g.,
"respect separation of concerns," "use approved
libraries").

e These principles must be publicly and clearly accessible
to all teams.

2.Standards and Patterns:
e Set technical standards for technologies, libraries, and
architectural patterns (like MVVM with Flow).
e Create a set of Reference Architectures for different
types of applications.
e Use tools like Detekt to automatically enforce coding
standards.
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3.Architecture Review Processes:

e Proposal Process: Before starting a new project or
adding a major technology, teams must submit an
architectural proposal.

e Architecture Committee: A team of senior architects and
tech leads reviews the architectural proposals and
provides feedback.

e Code Review: Part of the code review process should

include checking for adherence to architectural principles.

4.Tools and Infrastructure:

e Internal Frameworks: The architecture team can create
internal frameworks and libraries that embed best
practices, which development teams can then use.

e Monitoring Dashboards: Use dashboards to monitor
compliance with architectural principles across all
projects (e.g., using Static Analysis).
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Architecture governance not only allows an organization to

ensure the scalability and stability of its applications but
also helps in building a strong engineering culture and
continuous improvement.
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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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