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Day 3 —
of #30DayAndroidChallenge:

Understanding and Implementing Modern Android
Architecture Patterns

Introduction:

Roots and Evolution of Architecture in Android

When | started my journey over ten years ago, it was
common practice to have single-file Activities that held all
Ul, business, and even data access logic. This is what we
refer to as the "God Activity" pattern. While seemingly
simple at first, it quickly devolved into a nightmare of
tangled code, difficulty in testing and maintenance, and poor
scalability as projects grew.

The need for Separation of Concerns and logical code
structuring led us toward architectural patterns. The primary
goal has always been for each part of the system to have a
clear responsibility, act independently, and be easily
testable and modifiable. This not only elevates code quality
but also allows larger teams to work in parallel with minimal
interference. In this article, we will traverse a path from
fundamental patterns to the most complex architectural
frameworks, dissecting each from a specialist's perspective.
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Junior Level Questions

In this section, we delve into the basic architectural
concepts essential for every Android developer. These are
the building blocks that enable a deeper understanding of

more complex architectures.
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Explain the basic concepts of MVC, MVP, and
MVVM patterns.

These three patterns are approaches to organizing
application code with the aim of separating Ul from business
logic, improving testability, and enhancing maintainability.
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MVC (Model-View-Controller): ’

e Model: Responsible for holding data and business logic.
It operates unaware of the Ul and notifies the Controller
of changes. (Example: POJO/POKO classes for data, data
storage/retrieval logic).

e View: Responsible for displaying the user interface and
receiving user input. It is entirely passive and forwards
inputs to the Controller. (Example: XML layouts, Activity
or Fragment classes that only manage Ul).

e Controller: Acts as an intermediary between the Model
and View. It receives user input from the View, updates
the Model, and then selects the View to display the new
state. (Example: In Android, Activity or Fragment often
play the Controller role, which can lead to the "God
Activity" problem).
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MVP (Model-View-Presenter): —

e Model: Similar to MVC, responsible for data and business
logic.

e View: An interface implemented by the Activity or
Fragment. It is entirely passive, displays the Ul, and
notifies the Presenter of user actions. No business logic
resides in the View.

e Presenter: The intermediary between the Model and
View. It contains Ul presentation logic, interacts with the
Model, and "commands" the View (via its interface) what
to display. It is independent of the Android Framework.

MVVM (Model-View-ViewModel):

e Model: Similar to previous patterns, responsible for data
and business logic.

e View: Responsible for displaying the Ul and receiving
user input. It communicates with the ViewModel via Data
Binding or Observers. The View has no business logic
and merely observes changes from the ViewModel.

e ViewModel: Prepares data and presentation logic for the
View. It notifies the View of changes via Observables
(like LiveData or StateFlow) without directly manipulating
the View. It interacts with the Model (often through a
Repository). Key features include being lifecycle-aware
and retaining data across configuration changes.
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What is the main purpose of using
architectural patterns?

The main purpose is Separation of Concerns. This means:

1.Better Testability: By separating business logic from U,
each part can be tested independently and more easily.

2.Higher Maintainability: Changes in one part have minimal
impact on other parts, and finding/fixing bugs becomes
simpler.

3.Scalability: The project is easier to manage as features
grow and teams expand.

4.Increased Readability: Structured code is more
understandable for new and existing developers.
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What is the main difference between MVC

and MVP, and why is MVP better for
testability?

e MVC: The Controller directly interacts with the View and
Model. The View might also interact directly with or
observe the Model. This direct coupling often makes the
Controller heavily dependent on the Android SDK (due to
Ul management), making it difficult to test.

e MVP: The Presenter (unlike the Controller) has no direct
knowledge of the actual View (the Activity or Fragment
class); instead, it works only with the View's interface.
The View is completely passive. This decoupling allows
the Presenter to be a pure POJO/POKO class with no
Android Framework dependencies. Therefore, the
Presenter can be easily unit-tested without needing to
run an emulator or a real device.
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Compare the communication between

components in each pattern.

MVC:
e View to Controller (via Listeners/Callbacks)
e Controller to View (via direct methods)
e Controller to Model (via direct methods)
e Model to Controller (via Observers/Callbacks)
e (Sometimes) View to Model (directly, for reading data)

MVP:
e View to Presenter (via direct methods on Presenter
interface)
e Presenter to View (via direct methods on View interface)
e Presenter to Model (via direct methods)
e Model to Presenter (via Callbacks/Observers)

MVVM:
e View to ViewModel (via Data Binding or method calls)
e ViewModel to View (via Observables like LiveData/
StateFlow that the View observes)
e ViewModel to Model (via Repository)
e Model to Repository (via Callbacks/Flows)
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Why is ViewModel in MVVM suitable for

Android, and how does it help solve the
Configuration Changes problem?

ViewModel is an integral part of Android Jetpack,
specifically designed to address Android's lifecycle issues.

1.Lifecycle-aware: Unlike Activity or Fragment, a
ViewModel survives configuration changes (e.g., screen
rotations). When an Activity or Fragment is destroyed
and recreated due to a configuration change, the same
ViewModel instance is re-attached to the new Activity/
Fragment.

2.Data Persistence Across Configuration Changes: This
feature means any data held within the ViewModel
(typically in LiveData or StateFlow) is not lost during
screen rotation. The new Activity/Fragment can
Immediately observe the existing data and update its U,
eliminating the need to reload data or write complex
logic using onSavelnstanceState() and
onRestorelnstanceState(). This significantly reduces the
complexity of Ul state management and provides a
smoother user experience.
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Briefly explain the concept of Data Binding in

MVVM

Data Binding is a library within Android Jetpack that allows
you to directly link Ul components in your layout to data
sources in your ViewModel (or other classes).

e Functionality: Instead of using findViewByld() to locate
views in your Activity or Fragment and then manually
setText() or setimageDrawable() data onto them, Data
Binding performs this declaratively in your XML Layout.

e Advantages:

o Less Code: Reduces boilerplate code needed for Ul
updates.

o |ncreased Readability: The connection between Ul
and data is clearly specified in the XML file.

o Fewer Bugs: Decreases runtime errors caused by
findViewByld().

o Improved Testability: Ul logic dependent on data is
moved from Activity/Fragment to ViewModel.
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<layout xmlns:android="http://schemas.android.com/apk/res/android"

xmlns:app="http://schemas.android.com/apk/res-auto">
<data>
<variable
name="viewModel"
type="com.example.app.MyViewModel"
</data>
<TextView
android:layout_width="wrap_content"
android:layout_height="wrap_content”
android:text="@4¢viewModel.userName:"

</layout>

ContentV il.'-_'! 1 this, R.la Y

This example shows how a TextView is directly bound to the
userName in the viewModel.
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Mid-Level Questions

At this level, we delve deeper into key comparisons, data
flow principles, and practical implementations crucial for
solving everyday development challenges.
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Compare the MVVM pattern with MVI, and
explain scenarios where each is preferred.

Both MVI (Model-View-Intent) and MVVM (Model-View-
ViewModel) are powerful architectural

patterns for Android development, promoting separation of
concerns and testability. However,

they differ significantly in their approach to state
management and data flow, making each

suitable for different scenarios
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MVVM (Model-View-ViewModel):

e Core Concept: Focuses on separating the Ul from
business logic using observable data. The ViewModel
exposes data streams (e.g., LiveData, StateFlow) that
the View observes.

e Data Flow: Can be bidirectional with two-way data
binding, but typically unidirectional from ViewModel to
View via observation. User input is usually passed via
direct function calls on the ViewModel.

e State Management: ViewModel holds various observable
data holders (LiveData,StateFlow, ObservableField),
each representing a piece of Ul state. There might not
be a single, aggregated "Ul state" object.

e Complexity: Generally easier to get started with and less
verbose for simple screens.
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e When to Choose MVVM:

o Standard CRUD (Create, Read, Update, Delete)
Applications: Ideal for typical form-based Uls, list
screens, and simpler data display where direct
dataobservation is sufficient (e.g., a profile screen, a
static settings page).

o Rapid Development: Its lower boilerplate (especially
with Data Binding/Compose) and easier learning
curve can lead to faster initial development for many
common use cases.

o Existing Codebases: Often a natural and less
disruptive evolution from MVP or no pattern, making
it easier to integrate into existing projects gradually.

o Less Complex Ul States: When the Ul state does not
involve intricate sequencesof events, multiple
asynchronous updates leading to highly derived
states, or strict consistency requirements across
many interdependent Ul elements.
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MVI (Model-View-Intent):

e Core Concept: A reactive, unidirectional data flow (UDF)
pattern centered around a "single source of truth" for
application state. Every change in the Ul is a result of a
user Intent leading to a new immutable State.

e Data Flow: Strictly unidirectional: Intent (User Action) -
Model (State Processor) ->New State - View (Renders).
All changes go through this cycle.

e State Management: The most distinguishing feature is a
single, Immutable UiState object representing the entire
screen state at any given moment. This UiState is
updated by a Reducer function, which is a pure function.

e Complexity: Has a steeper learning curve and can be
more verbose due to the explicit Intent and State
definitions, as well as side effect handling.
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e When to Choose MVI: —_—)
o Complex States & Concurrency: Ideal for screens

with highly complex Ul states that depend on multiple
asynchronous operations, real-time updates, or
intricate interactions where state consistency is
paramount (e.g., a crypto trading dashboard with
real-time price updates, multiple charts, and order
books).

o Debugging & Predictability: The strict unidirectional
flow and immutable state make debugging
significantly easier. You can literally "time-travel
debug" by replaying Intents to see how the State
evolves, which is invaluable for intricate bugs. It's
highly predictable.

o High Auditability Requirements: In domains like
Fintech or Web3, where every state change needs to
be traceable and verifiable, MVI's explicit Intents and
States provide a clear audit trail.

o Collaborative Feature Development: For large teams,
maintaining a single source of truth and clear
separation of concerns helps prevent state-related
conflicts.
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e Architectural Trade-offs & Considerations:
o Boilerplate: MVI typically involves more boilerplate
code for defining Intents and States compared to
MVVM's simpler LiveDatas.

o Learning Curve: MVI requires a stronger grasp of
reactive programming and functional concepts.

o Performance: For very simple screens, MVI's
overhead might be unnecessary. For complex
screens, its structure can actually improve perceived
performance by making state transitions predictable.

o Team Experience: The choice often depends on the
team's familiarity and comfort level with reactive
programming paradigms.
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My Insight (Esmaeil Moradi):

In practice, I've seen teams often start with MVVM, and as
screen complexity grows beyond a certain point, they
naturally gravitate towards MVI elements (like a Single
UiState and Unidirectional Data Flow) within their
ViewModel. This is a natural evolution. For Web3 projects,
which often deal with complex states (like wallet status,
transactions, smart contract interactions) and a need for
precise tracking of changes, MVI is often the superior
approach as it inherently keeps the data flow transparent
and predictable.
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Elaborate on the concepts of
Unidirectional Data Flow and Single
Source of Truth in MVI.

Unidirectional Data Flow (UDF):

UDF is an architectural principle stating that data in your
application should flow in only one specific, predictable
direction, rather than in multiple directions or bi-
directionally. This contrasts with traditional approaches
where components could pass data to each other in various
ways, leading to "spaghetti code" and difficulty in tracing
the origin of bugs.
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In UDF:

1.State: The entire Ul state is held in a single, immutable
(unchangeable) object. This State is a "snapshot" of the
Ul at a particular moment.

2.Event: The only way to cause a change in the State is by
emitting an "Event." This Event could be a user action
(e.g., button click) or a system event (e.g., data received
from the network).

3.Update: A pure function (Reducer or Processor in MVI)
receives the Event along with the current State and
produces a new State. This function has no Side Effects.

4.Display: The View is solely responsible for displaying the
current State. When a new State is produced, the View
updates itself. The View has no business logic and is
simply a function of the State.
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Single Source of Truth (SSOT): ’

SSOT is a principle in software development that states for
any given piece of data in your system, there should be only
one primary, authoritative source. This prevents the
existence of multiple, potentially inconsistent copies of data
across different parts of the system.

In MVI, the SSOT concept is strictly adhered to:

e Ul State as SSOT: In a pure MVI implementation, the
UiState object is the Single Source of Truth for the
current Ul state. All View components (Activity,
Fragment, Composable) listen to this single UiState.

e Advantages:

o Reduces Bugs: Prevents data inconsistencies and
conflicts.

o Easier Debugging: When data is incorrect, you know
exactly which source to inspect.

o Predictability: The application's behavior becomes
more predictable.

o Simplicity in Testability: You can easily mock
different States and test how the Ul reacts.
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How are Side Effects managed in MVI?

In MVI, Side Effects are operations that do not change the
State but must occur in response to an Intent or a State
change. Examples include: navigation, displaying a Toast/
Snackbar, making a network request, saving to a database,
or playing sound. Since the State should be pure and
immutable, Side Effects cannot be part of the UiState.
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Methods for managing Side Effects in MVI: '

One-shot Events: The most common approach. These are
events that are consumed only once by the Ul and then
ignored.

e With SharedFlow in Kotlin Coroutines: A SharedFlow with
replay = 0 and onBufferOverflow =
BufferOverflow.DROP_OLDEST (or DROP_LATEST) can
be used to emit one-shot events. The ViewModel emits
these Events via a Channel or MutableSharedFlow, and
the View collects and consumes them.

e SingleLiveEvent (also used in MVVM): A custom LiveData
Implementation that ensures each Event is delivered to
its Observer only once. (Less recommended for pure
MVI).

e Effect State in MVI: Some advanced MVI frameworks
define an Effect (or Command or Action) as part of the
State (or separately). When a specific Effect is placed in
the UiState or emitted separately, the View identifies it
and performs the corresponding Side Effect.




. Dedicated Side Effect Handler: For more complex Side
Effects, a separate class or component might be
responsible for executing the Side Effect. This Handler
can be invoked by the ViewModel.

e Use Cases (Interactor) for Business Logic: Network and
database operations that lead to state changes should
be performed through Use Cases, whose output
influences the UiState, but they themselves are not Ul-
level Side Effects.
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Example of Side Effect Management with SharedFlow in

ViewM I: I
iew ode

class MainEffect =<
data class ShowToast{val messade: Strz 1) ¢ Mai 1IEffect ()

class MyMviViewModel{private val tepository: MyRepository) : ViewModel() A4

navigateToDetail(itemId: String) +
i | AUNCH '!

rrect . NavidateTobetail)
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How can you make an MVP implementation
more testable? Provide a Kotlin code
example including a unit test for the
Presenter.

The secret to testability in MVP is the use of Interfaces. The
Presenter should have no direct knowledge of Android
classes (like Activity or Fragment). Instead, it works with an
interface that the View implements.

Role of Interfaces in MVP for Increased Testability:

e Dependency lIsolation: Interfaces create a contract
between the Presenter and the View. The Presenter is
dependent only on this contract, not on the View's
specific implementation.

e Mocking Capability: In tests, we can create a Mock View
(an implementation of the View interface that simulates
specific behavior) and inject it into the Presenter. This
allows us to test the Presenter in isolation and ensure
that when it calls specific methods of the View,
everything works correctly.

e True Unit Tests: Since the Presenter does not require an
Android Context, it can be easily tested with simple JUnit
tests without needing an emulator or device.
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Kotlin Code Example with Unit Test for Presenter:
1-Define the Contract: The Contract is an interface that
holds the View and Presenter interfaces.

interface LoginContract =

interface View 5
fun showLoading()
fun hidelLoading()
fun showLoginSuccess(message: String)
fun showLoginError(errorMessage: String)

e Presenter =
attachView(view: View)
detachView()

login(username: String, password: String)

2. Implement the Presenter: The Presenter contains the
business and presentation logic.
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2. Implement the Presenter: The Presenter contains the '

business and presentation logic.

class LoginPresenter(private val reposi

private var view: LoginContract.View? = null

ride fun attachView(view: LoginContract.View) 3

this.view = view

ride fun detachView() =

view = null

ride fun login{username: String, |

w? . showLoading()
Thread {

if (repository.doLogin(username, password)) 4

uien?.nineLﬂﬂﬂiﬂg[ﬁ

view?.showLoginSuccess("Login

1ew?.hidelLoading()

iew?.showLoginError("Invalid credentials.")
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3. Implement the View (in Activity/Fragment): The View
simply implements the interface and executes the '
Presenter's commands.
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4. Unit Test for Presenter: We use Mockito (or MockK) to

simulate the View's behavior.




Important Note: In the example above, we also mocked
LoginRepository. In a real scenario, LoginRepository should
return async methods (like suspend funs or Observables) so
that we can manage it correctly in tests. Thread.sleep is
generally not recommended in tests, and test Schedulers/
Dispatchers should be used.
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What is the concept of "Single Source of

Truth" (SSOT) in Android architecture? How
do you implement it using the Repository
Pattern and Flow/StateFlow?

As | mentioned earlier, Single Source of Truth (SSOT) is a
principle that states for any given piece of data in your
system, there should be only one primary, authoritative
source. This source provides the latest and most reliable
state of that data and prevents data inconsistencies.

Why is SSOT important?

e Data Consistency: Ensures that all parts of the
application access a single, consistent version of the
data.

e Simpler Debugging: When data is incorrect, you know
exactly which source to check.

* Prevents Inconsistency Bugs: Avoids bugs that arise
from multiple inconsistent copies of the same data.
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Implementing SSOT using the Repository Pattern and
Flow/StateFlow:

Repository Pattern: The Repository is a layer that abstracts
data access. The ViewModel (or Use Case) never directly
communicates with data sources (like network, local
database, or cache). Instead, it sends data requests to the
Repository. The Repository is responsible for deciding how
and where to retrieve data (e.g., first from cache, then from
the network, or vice versa).

How the Repository works as SSOT:

1.Repository as an Intermediary: The ViewModel only

Knows the Repository.

2.Data Source Management: The Repository manages
multiple Data Sources (e.g., RemoteDataSource for APls
and LocalDataSource for Room Database).

3.Aggregation and Decision-Making: When the ViewModel
requests data, the Repository can return data from the
database (as the primary and fast source) and, in the
background, call the network for updates. If data comes
from the network, it first stores it in the local database
and then notifies the ViewModel of changes through the
database. This ensures that the local database is your
Single Source of Truth.
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Using Flow/StateFlow for SSOT: I

Flow and StateFlow (from Kotlin Coroutines) are powerful
tools for implementing SSOT and reactive data flow.

e Flow: For data streams that might emit multiple items
over time (e.g., a list of changes in a database or
successive responses from the network).

e StateFlow: A type of Flow that always has a current
State value and only emits a new item when the value
changes. This is excellent for maintaining Ul state.
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Example of Repository implementation for managing data

from various sources (hetwork, database):
Scenario: Retrieve a list of users from a local database
(Room) or an API (network). Our SSOT is the local database.

data class UserEntity(
val 1d: String,
val name: String,

val email: String

data class UserDto(
val 1d: String,
val name: Stri ng,

/al email: String

fun toEntity() = UserEntity(id, name,

import androidx.room.Dao

import androildx.room.Insert

import androldx.room.OnConflictStrategy
import androidx.room.Query

import kotlinx.coroutines.flow.Flow

@Dﬂﬂ
interface UserDao 5
@Query("SELECT * FROM users")
fun getAllUsers(): Flow<List<UserEntity>>

@Insert(onConflict = OnConflictStrategy.REPLACE)

suspend fun insertUsers(users: List<UserEntity>)
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import retrofit2.http.GET

interface UserApiService 4
@GET("users")

suspend fun getUsers(): Lis




import kotlinx.coroutines.flow.ca
import kotlinx.coroutines.flow.flow
import kotlinx.coroutines.flow.onStart

class UserRepository

private val

private val userApiService: UserApiService

fun getUsersStream(): Flow<List<UserEntity>> 9

LY

return userDao.getAllUsers()

val remotelsers = userApiService.detlUsers()

=

val userEntities = remotelsers.map ¢ 1it.toEntity()

userDao. 1nsertlUsers(userEntities,

¢ catch (e: Exception) =

i

println("Failed to fetc s from network: ${e.message}")

println("Error in user flow: ${e.message:")

emit(emptyList())

suspend fun refreshUsers() 5
try 1
val remotelsers = userApilService.getlUsers()
val userEntities = remotelsers.map ¢ it.toEntity() 3
rDao.insertlUsers(userEntities)
e: Exception) 5
ln("Error refreshing users: ${e.message?")




1Mport androlax.

import androidx.lifecycle.viewModelScope

import kotlinx.coroutines.flow.MutableStateFlow

import kotlinx.coroutines. flow.S5tate
import kotlinx.coroutines.flow.ass
import kotlinx.coroutines.flow.col
import kotlinx.coroutines. flow.c
import kotlinx.coroutines.flow.c
import kotlinx.coroutines. flow.onStart

import kotlinx.coroutines.flow.update

import kotlinx.corouti . Launch

UserViewModel(private val userRepository: UserRepository) : ViewModel()

]
[

Lr

1nit =

viewModelScope. launch
userRepository.gdetUsersStream()
.onEach 5 users -=

ate.update ¢ 1t.copylusers = users, 1lsLoading

—

=

o a o
ate.update o .Copy(erroil e.messade, 1slLoading

] false)
onshtart s ‘e.update ¢ 1t.copy(islLoading = true, error = null)

,LQL[uLL(ﬁ

fun loadUsers() 4

viewModelScope. launch <
copy(isLoading
reshusersiy)

copy

data class UserUiState(
val users: List<UserEntity> = emptylLis]

)

val islLoadind: Boolean false,

val error: String? = null




—

In this example, userDao.getAllUsers() returns a Flow that
emits a new item whenever data in the database changes.
This local database (with Room) is our SSOT. onStart in
getUsersStream() is responsible for fetching data from the
network and storing it in the local database. Any changes in
the database are automatically propagated to the
ViewModel via Flow.
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Senior Level Questions

In this section, we delve into more advanced architectural
topics essential for senior engineers and Leads. These
topics ensure the scalability and stability of large projects.
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Explain how you implement Clean

Architecture in a scalable Android project?

Clean Architecture, introduced by Robert C. Martin (Uncle
Bob), is a software design philosophy aimed at creating
systems independent of frameworks, Ul, databases, and any
external implementation details. Its core is pure business
logic, protected from external changes. This is what | believe

in for large projects.
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Main Benefits of Clean Architecture: I

1.Ul Independent: The core logic of the application is
completely separated from Ul details. You can change
the Ul from Android Views to Jetpack Compose or even
another platform without affecting the business logic.
This is the flexibility we need in large projects.

2. Testable: Inner layers (Domain and Data) are completely
independent of Android frameworks and can be tested
with fast unit tests without needing a device or emulator.
This significantly increases testing speed and quality.

3.Database/Framework Independent: You can change the
database from Room to Realm or SQLite, or even switch
network libraries, without affecting the upper layers. The
business core remains oblivious to these details.

4.Maintainability: With clear separation of concerns,
finding and fixing bugs becomes easier. Each layer has
its specific responsibility, and changes in one layer have
minimal impact on others.

5.Flexibility and Scalability: The system is easily extensible.
Adding new features or changing requirements has less
impact on the overall structure.
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Diagrams of Clean Architecture Layers and Explanation of
Each Layer:

Clean Architecture is defined by the Dependency Rule:
dependencies must always point inwards towards inner
layers. No outer layer should depend on an inner layer.
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Explanation of Layers:

1-Domain Layer (Core Business Logic):

e The heart of the application. Contains pure business
logic, independent of any implementation details.

e Entities: Contain data models representing business
logic. These are pure POJO/POKO and have no
framework dependencies.

e Use Cases (Interactors): Contain specific business logic
for a use case (e.g., "get list of users", "send
transaction"). Each Use Case performs a specific task
and uses one or more Repositories for data access. Use
Cases are the primary orchestrators of operations within
the Domain.

e Repository Interfaces: These are interfaces that define
contracts for data access. The actual implementation of
these Repositories resides in the Data layer. This
separation ensures the Domain layer is unaware of data
storage details.

e AOSP Independence: This layer is completely
independent of the Android SDK. This allows us to test

all business logic with pure JUnit unit tests.
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2-Data Layer:

Responsible for implementing the Repository Interfaces
defined in the Domain layer.

Data Sources: Contains actual implementations for data
access, such as:

RemoteDataSource: For interacting with network APls
(using Retrofit, Ktor).

LocalDataSource: For interacting with local databases
(using Room) or SharedPreferences/DataStore.
Mappers: Responsible for converting data between
Entities (Domain) and DTOs (Data Transfer Objects from
network) or DB Entities.

SSOT (Single Source of Truth): This layer is responsible
for implementing SSOT, meaning it decides where and
how to retrieve data and store it in the local database.

- Esmaeeil Moradi
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3-Presentation Layer:

e Responsible for displaying the Ul and managing user
interactions.

e Activities/Fragments/Compose Ul: Android Ul
components.

e ViewModels: (in MVVM) or Presenters (in MVP) are
intermediaries between the Ul and Use Cases. They
prepare data for display in the Ul and send user input to
Use Cases.

e Ul State: This layer is responsible for holding and
managing the Ul state (e.g., with LiveData or StateFlow).

e Dependency: This layer depends on the Domain layer
and the Android Framework.
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Kotlin Code Example (with Jetpack Compose) of a

complete data flow in a Clean Architecture application:
Scenario: Display a list of articles and allow adding a new
article.
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fun getArticles():
rend fun addArticle(art
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Note on Dependency Injection (DI): In a real Clean
Architecture project, DI frameworks like Hilt or Koin are used
to manage dependencies (e.g., injecting ArticleRepository
into GetArticlesUseCase and AddArticleUseCase, and
injecting Use Cases into ArticleViewModel).

Esmaeeil Moradi
@esmaeeil-moradi/700




What are the common challenges in —

implementing MVl in large and complex
projects, and how do you manage them?

Despite its many advantages in predictability and testability,
MVI presents challenges in large and complex projects:

1-Boilerplate Code:
Creating Intents, States, Effects, and Reducers for each
screen can lead to repetitive code.
e Management:
o Generic Base Classes: Use generic base classes for
ViewModel and View that include common Intent and
State management logic.
o Code Generators/Templates: Utilize code generators
(like KSP) or IDE templates to automatically produce
basic MVI files.
o Sealed Classes/Interfaces: Smartly use Sealed
Classes/Interfaces for Intent and State to keep the
structure clean.
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2-Managing Complex State and Side Effects (e.g.,ina
banking or Web3 transaction screen):
In scenarios like a Web3 transaction screen involving
multiple stages (sighature confirmation, transaction
submission, blockchain confirmation waiting) and error
states (low Gas Fee, network error, user rejection), precise
State and Side Effect management is crucial.

e Managing Complex State:

o Single UiState with Sub-States: Define a single
UiState that includes all sub-states of the screen. For
more complexity, use Sealed Classes to define
different sub-states (e.g., TransactionState.Input,
TransactionState.Confirming,
TransactionState.Processing,
TransactionState.Success, TransactionState.Error).

o Immutable Data Structures: Always keep the State
immutable and apply changes using copy() to
prevent unintended Side Effects.
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e Managing Complex Side Effects: |

o Separate Effect Channel: A separate SharedFlow (or
Channel) in the ViewModel to emit One-shot Events
(Side Effects) like showing error dialogs, navigation,
or invoking Web3 functions (e.g., connecting to a
wallet).

o Use Cases for Complex Operations: Encapsulate
complex business operations (e.g., calling smart
contracts, sending transactions to the blockchain)
within Use Cases. The Use Case should return a
Result (e.g., Result<Success, Failure>) so the
ViewModel can emit the appropriate State and
Effect.

o Middleware/Processors: In more advanced MV
frameworks, Middleware or Processor can be used to
manage more general and cross-cutting Side Effects.

o AOSP Insight: In the AOSP source code, patterns
similar to UDF are seen in components like Settings
or SystemUl, where States often flow from lower
layers to the Ul via Flows, and actions (Intents) flow
back unidirectionally. This demonstrates the
effectiveness of this pattern at large scales.
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Implementing MVI with Kotlin Coroutines and
Flow, and issues like Backpressureor —*
Duplicate Events:

Kotlin Coroutines and Flow are natural choices for MVI.

e StateFlow for UiState: StateFlow is excellent for holding
and emitting UiState, as StateFlow always has the latest
value and only emits a new item when the value
changes.

e SharedFlow for Side Effects/Events: SharedFlow with
replay = O and BufferOverflow.DROP_OLDEST (or
DROP_LATEST) is suitable for One-shot Events like
MainEffect.

e Backpressure Issue: Occurs when the Producer (e.g., a
Flow that produces data quickly) is faster than the
Consumer (e.g., Ul that processes slowly). Flows
iInherently manage Backpressure using Cold streams, but
in SharedFlow and StateFlow, you must pay attention to
buffer parameters and overflow management. If you
don't configure SharedFlow without a buffer or with a
DROP_OLDEST/DROP_LATEST strategy, and the View
cannot consume in time, Events might be lost.
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e Duplicate Events Issue: If Side Effects are modeled as
part of the State and UiState persists across
configuration changes, the Side Effect might be
executed again.

e Solution:

o Use SharedFlow with the correct buffer strategy
(replays = 0, onBufferOverflow =
BufferOverflow.DROP_OLDEST) for One-shot Events
so that each Event is consumed only once.

o Separate Effects from the main State.

o Ensure that the Effect is consumed only once by the
View and a "consumed" flag is set for it (though this
increases complexity).
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Discuss how you use Modularization to
support large architectures and multiple

teams.

Modularization means dividing a large application into
smaller, independent, and manageable units called
"modules.” This approach is essential in large projects and
when working with multiple teams, especially in the context
of an enterprise-scale codebase.

¥ Esmaeeil Moradi
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Benefits of Modularization:

1.Reduced Build Times: When code in one module
changes, only that module and its dependent modules
are recompiled, not the entire project. This significantly
reduces development time and build speed, which is
crucial in large projects with hundreds of thousands of
lines of code.

2.Clearer Separation of Concerns: Each module has a
specific responsibility (e.qg., feature:auth, data:user). This
separation creates clear boundaries between different
parts and prevents unintended interference between
teams.

3. Team Scalability: Different teams can work in parallel on
separate modules without constant interference. This
increases productivity and reduces Merge Conflicts.

4.Reusability: Core or Utility modules (like core:ui or
util:shared-preferences) can be reused across multiple
Feature Modules.

5.Encapsulation: The implementation details of a module
are hidden from outside, and only its public APl is
accessible. This allows teams to make internal changes
without affecting other modules.

6.Better Testability: Modules can be tested independently.
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Types of Modules and Their Dependencies: :
The module structure typically follows a Directed Acyclic
Graph (DAG) of dependencies:

e app (Application Module):
o Role: Entry point of the application, managing high-
evel dependency injection, initial setup.

o Dependency: Depends on all Feature Modules and
Core Modules.

e feature:<feature-name> (Feature Modules):

o Role: Encapsulates a specific feature (e.g.,
feature:login, feature:profile, feature:settings). Each
Feature Module can include its own Presentation,
Domain, and Data layers, often called a "Vertical
Slice" or "Feature Slice."

o Dependency: Depends on core (or base) and data
modules. May depend on other Feature Modules, but
horizontal dependencies should be minimized.

e data:<data-area> (Data Modules):

o Role: Encapsulates Repository and Data Source logic
for a specific domain (e.g., data:auth, data:user-
profile, data:transactions).

o Dependency: Depends on core (for Utilities or
common interfaces).
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e domain:<domain-area> (Domain Modules):

o Role: Contains Use Cases and Entities related to a
business domain (e.g., domain:auth, domain:user-
profile).

o Dependency: Completely independent or depends on
a core:domain module for base models.

e core [ base (Core/Base Modules):

o Role: Contains general code, Utilities, common Ul
components, or shared interfaces used by multiple
modules.

o Examples: core:ui (common Compose components,
Theme), core:common (Extension functions, Utility
classes), core:network (Retrofit, OkHttp config),
core:data-contracts (general Repository interfaces).

o Dependency: Do not depend on any other modules
(lowest layer).

e build-logic (Gradle Convention Plugins):

o Role: Contains shared build logic to enforce
standards and reduce repetition in build.gradle.kts
files.

o Dependency: Independent.
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Navigation Strategies Between Modules

(e.g., Deep Linking or using Navigation
Component):

Since Feature Modules should not directly know each other
(to maintain decoupling), navigation between them requires
specific strategies:

1-Android Jetpack Navigation Component:
e Concept: Uses internal Deep Links for navigating

between Destinations.

e How it works: Each Feature Module can have its own
navigation graph, or a central NavGraph in the app
module includes all Destinations from feature modules
using include. Navigation is done via Deep Link URIs.

e Advantages: Official Google solution, simplifies
navigation, manages Back Stack.

e Example:
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2-Deep Linking (General):

o Concept: Using URIs to invoke Activities or Compose
Destinations. —

o How it works: Each Activity/Composable intended as
an entry point from another module is identified by a
Deep Link URI. Modules only know this URI.

o Advantages: Completely decoupled, suitable for
external navigation into the app.

o Disadvantages: Requires manual Back Stack
management and passing arguments is more
complex.

3-Interfaces/Navigators (Custom Solutions):
e Concept: Define navigation interfaces in core or domain
modules that are implemented by the app module.
e How it works:
o The feature:auth module defines an AuthNavigator
interface in a core:navigation module.
o AuthNavigator has methods like MapsToHome() or
MapsToProfile().
o The app module implements this interface and uses
NavController or Intent for actual navigation there.
o The AuthNavigator interface is injected into the
ViewModel in feature:auth via DI.
e Advantages: Full control over navigation logic, maintains
complete decoupling between Feature Modules.
e Disadvgntages: More boilerplate.
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AOSP Insight: Modularization is heavily used in AOSP. Each
part of the system (Settings, SystemUl, Contacts, Dialer) is a
separate module (or even an application), and
communications between them are often done via Intents
and AIDL (Android Interface Definition Language), which is a
much lower-level approach for modularization and inter-

process communication, but its core purpose is separation
and component independence.
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Architect Level Questions

This section represents the pinnacle of an architect's
experience and knowledge, where we delve into designing
governance frameworks and complex architectures at a
very large scale.
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Design a comprehensive Architectural
Governance Framework for a very large and-»
complex codebase (such as a Fintech or
Web3 application with multiple development
teams).

In a very large codebase with multiple development teams,
maintaining architectural integrity, quality, and consistency
without a strong governance framework is almost
impossible. This framework should be a combination of
tools, processes, and enforcement mechanisms.
Designing the Architectural Governance Framework
(AGF):

1-Tools:

e ArchUnit (for Kotlin/Java code): A powerful architectural
testing library that allows you to write architectural rules
as JUnit tests.

o Example Usage: "Classes in the data package cannot
access classes in the ui package," "No Activity/
Fragment should directly access a Repository," "All
ViewModel classes must end with ViewModel
Jetpack."

o Enforcement Mechanism: ArchUnit tests can be
integrated into the CI/CD Pipeline. Failure of these
tests stops the build.
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e Custom Lint Checks (for Android): For very specific
project rules not covered by general tools.

o Example: "Ensuring all ViewModels use
SavedStateHandle for their state retention,"
"Preventing findViewBYyld calls outside a specific
layer."

o Enforcement Mechanism: These checks provide
warnings or errors during build time or in the IDE.

e Static Code Analysis Tools (e.g., Detekt, Ktlint): For
enforcing code style standards and identifying Code
Smells.

o Enforcement Mechanism: Integration into Git Hooks
(Pre-commit) and CI/CD.

e Dependency Graph Visualizers (e.g., Gradle Doctor,
GraphViz-based tools): For visualizing module
dependencies and identifying Cyclic Dependencies or
unauthorized dependencies.

o Enforcement Mechanism: Regular reviews by
architects and Leads.

e SonarQube/SonarCloud: For comprehensive code
quality, security, and technical debt analysis.

o Enforcement Mechanism: Dashboards visible to
teams and management, Quality Gates in CI/CD.
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2-Processes:

e ADRs (Architectural Decision Records): Brief docuriients?
that record significant architectural decisions, their
rationale, alternatives considered, and consequences.

o Purpose: To create a history of decisions, ensure
team alignment, and facilitate onboarding for new
developers.

o Responsibility: Prepared by architects and Leads,
with input from teams, and maintained in a Git
Repository.

e Architectural Review Boards (ARB): Periodic meetings
where new architectural designs, major changes, or
architectural challenges are reviewed by a group of
senior architects and Leads.

o Purpose: Ensure alignment with overall strategy,
identify risks, and share knowledge.

e Technical Guilds / Communities of Practice: Groups of
developers with a shared interest in a technical area
(e.qg., architecture, testing, performance) who gather to
discuss, share knowledge, and define best practices.

o Purpose: Foster a culture of architectural ownership
and knowledge sharing.

e Pair Programming / Code Reviews with an Architectural
Focus: In addition to functional review, code reviews
should also focus on adherence to architectural
principles and patterns.
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3-Enforcement Mechanisms:

e CI/CD Pipeline Integration: Automated execution of
ArchUnit tests, Lint Checks, and code analysis tools as
part of CI/CD. The build fails if rules are violated.

e Pre-commit Hooks: Use Git Hooks to run formatters (like
Ktlint) and local Lint Checks before committing code.

e Education & Onboarding: Continuous training for teams
on architectural principles and best practices. Strong
onboarding for new developers including a
comprehensive explanation of the AGF.

e Lead Developer/Architect Buy-in: Team leads must
support architectural rules and enforce them within their
teams.

e Metrics & Dashboards: Tracking architectural metrics
(e.qg., cyclomatic complexity, number of cyclic
dependencies) and displaying them on dashboards
visible to teams.
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My Insight: At large scales, architectural governance does
not work solely through top-down enforcement. A culture of
ownership and responsibility must be fostered across
teams. Tools enforce rules, but processes and culture
encourage developers to adhere to them. "Architecture as
Code" (like ArchUnit) becomes a powerful lever.
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How do you balance "Consistency" and
"Flexibility" in a large codebase?

This is one of the biggest challenges in enterprise-scale
software architecture. Consistency ensures the codebase is
understandable and maintainable, while Flexibility allows
teams to choose the best tools and approaches to solve

their specific problems.

Esmaeeil Moradi
@esmaeeil-moradi/700




Balancing Strategies:

1-Consistency at Shared Boundaries, Flexibility in Internal
Details:

e Boundaries: Enforce strict architectural rules at module
and layer boundaries. For example, "All communication
between modules must happen via defined interfaces" or
"All Repositories must return Flows."

e Internal Implementation: Allow teams flexibility within
their Feature Modules regarding internal implementation
details (e.g., MVVM vs. MVI for a specific screen, or
choice of small utility libraries) as long as they do not
violate boundary rules.

e AOSP Example: In AOSP, each component like Settings
or Launcher might have its own internal approach, but
Inter-process communication or access to system
services has strict rules.
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2-Define Strong and Clear Contracts:

e Create robust API contracts by defining clear interfaces
and Sealed Classes in Core Modules. These contracts
define how modules interact and act as a "common
language.”

e For example, a core:domain module can define base
UseCase interfaces and Entity models that all Use Cases
and Entities across the application must adhere to.

3-Governance with Tools and Guilds, Not Dictatorship:

e Use tools like ArchUnit and Custom Lint Checks to
automatically enforce Consistency rules. These tools are
your "good cop.”

e Technical Guilds and Communities of Practice can
organically promote Consistency and shape best
practices from the bottom-up, not just top-down.

4-Architectural Decision Records (ADRs) and
Communication:

e Document every significant architectural decision in an
ADR. This transparency helps teams understand the
rationale behind specific Consistency requirements.

e Ensure communication between architects and
development teams is two-way. Teams should be able to
raise challenges and needs, and architects should
provid propriate and flexible solutions.
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5-Refactoring and Evolution:

e Architecture is a living entity and must evolve. Accepting
controlled Technical Debt and planning for major
Refactoring over time is essential. Sometimes, to gain
more Flexibility in the future, you might need to slightly
compromise current Consistency.

My Insight: Balancing Consistency and Flexibility is like
walking a tightrope. Experience has taught me that
Consistency should be enforced in the core layers (Domain,
Core) and at the boundaries between modules, while
Flexibility should allow teams to find the most optimal
solution within their Feature Modules. This "Solid Core,
Flexible Edges" approach yields the best results.
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Explain implementation strategies and

management of Clean Architectureina
purely Jetpack Compose-only project from
scratch.

Jetpack Compose changed the game. In a Compose-only
project, we still can (and should) use Clean Architecture, but
the implementation details in the Presentation layer are
slightly different.
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1-Layer Structure (Clean Architecture):
e Domain and Data layers remain largely unchanged. They
are Ul-agnostic.
e The major change is in the Presentation layer. Activities
or Fragments are no longer "God objects.” All Ul is built
with Composables.

2-Role of ViewModel, State, and Event in a Compose-first
Architecture:
e ViewModel (Jetpack ViewModel):

o Purpose: Still responsible for holding Ul State and
managing presentation logic. Its lifecycle is longer
than Composables (it survives Configuration
Changes).

o Difference with ViewPager: ViewModel no longer
needs to serve just one Activity/Fragment. A
ViewModel can provide State for multiple
Composables within a complex screen.

o State Emission: The ViewModel uses StateFlow or
LiveData (which can be collected with
collectAsState() in Compose) to emit UiState to
Composables.
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e State (Compose Ul State):

o Concept: UiState in Composables should be
transformed into Immutable Data Classes.
Composables recompose themselves when State
changes.

o State Hoisting: To maintain Single Source of Truth
and facilitate Composable testability, State should be
"hoisted" as much as possible (to the ViewModel or
the highest intelligent Composable). Lower-level
(Stateless) Composables only receive State as
parameters and send Events via Callbacks. These
Composables are Pure Functions.

e Event (User Actions):

o Concept: User actions (button clicks, text input) are
sent as Events from Composables to the ViewModel
(via Callbacks).

o Side Effect Management: The ViewModel emits one-
shot Side Effects (like navigation, showing a Toast)
via a separate SharedFlow to the Composable (often
to the Activity or NavHost that hosts the
Composables). These Side Effects are not stored as
UiState in the ViewModel.
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How do you address common problems (e.g., overuse of

Compose ViewModel or improper State Hoisting for all
States)?
e Overuse of Compose ViewModel:

o Problem: Every small Composable should not have its
own ViewModel. ViewModel is used to manage State
related to a screen or a complex component with
business logic. Smaller Composables should receive
State via parameters.

o Solution: Use ViewModel only for the Root
Composables of a Screen or NavGraph. Implement
State Hoisting appropriately to move State from
lower Composables to the ViewModel.

e Improper State Hoisting for all States:

o Problem: Excessive State Hoisting can lead to
unnecessary Recompositions and turn Composables
into "functions with too many parameters."
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o Solution:

= Slot APIs: Use Slot APIs in larger Composables to
inject Composable content.

= Content-based Composables: Larger
components can manage their own internal State
if that State is only for that specific component
and doesn't need to be shared externally (e.g.,
rememberScrollState for a LazyColumn).

= Derived State: For States derived from other
States, use derivedStateOf to ensure
Recomposition happens only when necessary.

= ReadOnly State: The ViewModel emits a
StateFlow for the overall UiState. Composables
collect this Flow. Only Callbacks for Events are
passed to Composables.
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4-How do you ensure Ul testability in Jetpack Compose?
Jetpack Compose is designed for testability from the ground
up.

e Stateless Composables and Pure Functions: By using
State Hoisting, most of your Composables will be
Stateless (no internal State) and Pure Functions (output
depends only on inputs). These are easily tested with
Compose unit tests.

e Ul-agnostic ViewModels: ViewModels, as before, are
POJO/POKO and can be unit-tested without needing
actual Ul (or Android Context).

e Compose Test Rule: Compose provides a
ComposeTestRule that allows you to programmatically
build the Ul, interact with it (click, type), and apply
assertions.

e Semantic Tree: Compose creates a Semantic Tree that
allows you to select and verify Ul based on content,
descriptions, or testTags.

e Example Ul Test with ComposeTestRule:
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private fun mockViewMaodel |

articles: List<Article> =

1sLoading: Boolean

‘when' {mockViewModel.u1State).thenReturn{MutableStateFlow(uiState).a

- - P [ W S-SR VR (o,
return mocgviswMoos |

Note: To mock ViewModel in Compose tests, you need a
Mocking Framework like Mockito or MockK.
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| hope this comprehensive and in-depth article, which is the
result of my years of practical experience and specialized
knowledge in the Android and AOSP world, helps you not
only excel in technical interviews but also build robust and
scalable architectures in your real-world projects. If you
have any questions or would like to discuss more details, |
eagerly await your comments. Good luck!
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In this challenge, every
question 1sn't just a hurdle; 1t's
an opportunity for deeper
insight, a canvas for
architectural thought, and a
definitive step towards
solidifying your mastery. Let's
sculpt the future of Android,
one profound answer at a time.
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