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Hello everyone! I'm Esmaeeil Moradi, a Senior Android Architect
with over 10 years of hands-on experience in Android
development (including AOSP), Kotlin, and specialized expertise in
the Web3 domain. Welcome to Day 15 of the
#30DayAndroidChallenge!

Today, we tackle one of the most critical and often challenging
aspects of Android development: Background Processing. We'll
explore WorkManager and Services, understanding how to
effectively handle tasks that need to run reliably without the user
actively interacting with the app, while also navigating the
complexities of modern Android's strict background execution
limits. Mastering background processing is key to building
responsive, efficient, and robust applications that respect user
privacy and device resources.
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A correct implementation of background processing mechanisms
not only optimizes your application's performance but also
enhances its stabillity, reliability, and ultimately, its user
experience. In this section of the #30DaysOfAndroid challenge,
we delve into this pivotal topic, striving to provide a deep and
practical understanding of how to perform tasks in the
background using powerful Android tools like WorkManager and
Services.

Given the complexity and breadth of background processing and
the increasing restrictions imposed by the Android operating
system on background execution, this topic has been divided into
two distinct parts. This article represents Part 1 of this
comprehensive discussion. In this section, we will focus on
fundamental concepts and common gquestions at the Junior and
Mid-Level. From understanding WorkManager and different types
of Services, to grasping the limitations of background execution in
newer Android versions and how to implement WorkManager
Chaining, we will provide the necessary foundations for building
efficient applications.

Get ready to enhance your knowledge of background processing
and build apps that are always responsive and reliable. Join us as
we dive deeper into the world of managing background tasks in
Android!
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Junior Level Questions
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What is WorkManager and when should you use it? I

WorkManager is a part of Android Jetpack and is the
recommended solution for persistent work that needs to be
executed reliably, even if the application exits or the device
restarts. It's an API designed for deferrable, guaranteed
background work. This means tasks managed by
WorkManager are executed sometime in the future, subject
to various constraints (like network availability or device
charging status), and they are guaranteed to run eventually.
WorkManager handles the complexities of background
execution limits (like Doze mode, App Standby Buckets, and
background service restrictions) that vary across different
Android versions (from API 14 to the latest). It intelligently
chooses the appropriate underlying API (like JobScheduler
for APl 23+, Firebase JobDispatcher or
GCMNetworkManager for older APIs, or even AlarmManager
and BroadcastReceiver if necessary) to ensure your work
gets done.
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Key Benefits of WorkManager:

1.Guaranteed Execution (Persistent Work):

o WorkManager stores your work requests in an internal
SQLite database. This means that if your app process is
Killed, the device reboots, or network connectivity is lost
temporarily, your scheduled work will still eventually run
when the conditions are met.

o No other Android API provides this level of persistence for
deferrable tasks out of the box.

2.Constraints:

o You can define conditions under which your work should
run. WorkManager will ensure these constraints are met
before executing the work.

o Examples: Requires network connection
(NetworkType.CONNECTED), device idle (Deviceldle.ON),
device charging (Charging.ON), sufficient storage
(StorageNotLow.ON).

3.Compatibility:

o WorkManager provides a single APl that works across
various Android versions (API 14 and higher). You write
your work once, and WorkManager handles the platform-
specific implementation details.

4.Flexible Scheduling:
o Supports both one-time and periodic work.
o Allows for chaining work, where tasks run sequentially or
in parallel, with dependencies.

5.0bservability:

o You can observe the status of your work requests using
LiveData or Flow, allowing your Ul to react to work
completion or progress.

—
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When Should You Use WorkManager? (Ideal Use Cases): ’

You should use WorkManager for tasks that meet the
following criteria:

e Deferrable: The task doesn't need to run immediately. It
can wait for certain conditions to be met (e.g., network
available, device idle).

e Guaranteed to Run (Persistent): The task must
complete, even if the user leaves the app, the app
process is killed, or the device restarts.

Specific Examples:

e Sending logs or analytics to a backend: This doesn't
need to happen instantly, can wait for network, and must
eventually succeed.

e Applying filters or compressing images: Can be
deferred and should complete reliably.

e Synchronizing local data with a server: A common
offline-first pattern where data needs to be uploaded/
downloaded in the background.

e Periodically fetching remote configuration or content
updates: Such as daily news updates.

e Backing up user data: Can run when the device is
charging and on Wi-Fi.

e Preprocessing data: Before it's displayed or uploaded.
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When NOT to use WorkManager: '

e Immediate execution is required: For tasks that need to
run instantly when the user performs an action (e.g., Ul
animations, button click responses). Use direct method
calls, Coroutines, or Threads/Executors for these.

e Real-time operations: For tasks that need to run
continuously and provide real-time updates (e.g., music
playback, active navigation, call handling). These
typically require a Foreground Service.

In summary, WorkManager is the go-to solution for
reliable, deferrable background work in modern Android
applications, abstracting away the complexities of
different Android versions and device states.
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Explain different types of Services in Android. I

Services are Android application components that can
perform long-running operations in the background, without
a user interface. They are distinct from Threads because
they run in the main thread of your application by default
(unless you create a new thread within them). Android
distinguishes between different types of services based on
their interaction with the user and the system.
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1. Service (Background Service): ’

e Definition: A base Service runs in the background,
without a Ul. By default, it runs on the main thread of
your application, so if you perform long-running
operations (e.g., network requests, heavy computations),
you must manage your own threading within the service
to avoid blocking the Ul thread (ANRS).

e Lifecycle: onCreate() -> onStartCommand() -> onBind()
(optional) -> onDestroy().

e Use Cases:

o Performing a network request that doesn't need
immediate user attention.

o Saving data to a local database.

o Playing music in the background if the app is still
active and the user is not expecting continuous
playback while the app is swiped away.

e Permissions: No special permissions required beyond
what the service does (e.g., INTERNET).

e Modern Android Restrictions: Highly restricted in
modern Android (APl 26+). Services started when the
app is in the background (except for specific cases like
FirebaseMessagingService) will be killed after a short
period. This is to conserve battery and memory. For
deferrable background work, WorkManager is the
primary alternative.
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2. Foreground Service: '

e Definition: A Service that the user is actively aware of. It
performs an operation that is noticeable to the user and
runs even when the app is in the background or killed.
To be considered a foreground service, you must display
a persistent notification to the user, indicating that the
service is running. This notification cannot be dismissed
until the service is stopped or removed from the
foreground.

e Lifecycle: Similar to a regular Service, but you call
startForeground(notificationld, notification) from
onStartCommand() or onCreate() to put it in the
foreground, and stopForeground(true/false) to remove it.

e Use Cases: For operations that are truly user-facing and
continuous:

o Music playback (when the app is backgrounded).

o Active navigation apps (GPS tracking).

o Fitness tracking apps (recording steps/runs).

o VPN services.

o Bluetooth Low Energy (BLE) scanning for extended
periods.
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e Permissions:

O

-rom Android 9 (API 28): FOREGROUND_SERVICE
permission in manifest.

-rom Android 10 (API 29): Location access from
foreground services requires
ACCESS_FINE_LOCATION or
ACCESS_COARSE_LOCATION plus
ACCESS_BACKGROUND_LOCATION if it's accessed
when app is backgrounded.

From Android 12 (API 31):
FOREGROUND_SERVICE_CAPABILITY in the manifest
and explicitly declare the foregroundServiceType in
the manifest (e.g., mediaPlayback, location,
connectedDevice). Starting foreground services from
the background is heavily restricted unless the app is
in a transient allowlist (e.g., responding to a
notification action, receiving a broadcast).

e Importance: This is the go-to solution for long-running,
user-visible background tasks that need to bypass most
background execution limits.
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3. IntentService
—

e Definition: A subclass of Service designed to simplify
background operations by handling asynchronous
requests on a single worker thread. It processes one
Intent at a time in a queue. It automatically stops itself
when all work is done.

e Lifecycle: onCreate() -> onHandlelntent() ->
onDestroy().

 Reasons for Deprecation and Alternatives:

o IntentService uses a single worker thread, which can
be inefficient for concurrent tasks.

o |t does not work well with modern Android's
background execution limits (it's essentially a regular
background service that gets killed).

e Alternatives:

o WorkManager: For deferrable, guaranteed
background work. This is the primary replacement
for most IntentService use cases.

o Direct Service with Kotlin Coroutines/
ExecutorService: If you need a long-running
foreground operation (e.g., music playback) where
you manage your own threading. You can launch
coroutines within onStartCommand() or onCreate() to
perform work on a Dispatchers.|O or custom
dispatcher.
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Summary of Service Types:

—

Service (Background)

Foreground Service

IntentService

Feature (Deprecated)
User-aware, Sequential
Purpose Background ops continuous ops background ops

Ul Notification

No

Required

No

Separate worker

Thread Main thread (default) Main thread (default)
thread
Auto-stops No (manual stopSelf()) NG (Tl Yes (after all work)
P P stopSelf())

Persistence

None (killed easily)

High (system less
likely to Kill)

None (killed easily)

Android Versions

Highly restricted APl 26+

Best for long-running
user-visible tasks

Deprecated API 30

Alternative

WorkManager

WorkManager (some
cases), Service with
Coroutines

WorkManager

Choosing the correct type of service, or opting for

WorkManager, is essential for building efficient and compliant
Android applications.
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—
How do you handle background execution limits in modern

Android?

Modern Android versions (especially Android 8.0 Oreo - API
26 and Android 12 - APl 31 and above) have introduced
stringent background execution limits to improve device
battery life, performance, and user privacy. Handling these
limits effectively is crucial for building well-behaved
applications.
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Key Background Execution Limits Introduced: '

1.Android 8.0 (API 26) - Background Execution Limits:

e Background Service Restrictions: Apps running in the
background can no longer create or start background
services. If an app tries to do this, the system throws an

llegalStateException.

e Location Access Limits: Background apps receive

ocation updates less frequently.

e Implications: IntentService (a background service)
became largely ineffective for persistent tasks unless
the app was in the foreground or specific system events
occurred.

2.Doze Mode (Android 6.0 - API 23):

e Mechanism: When a device is stationary, unplugged, and
has a screen off for a period, it enters Doze mode. In this
mode, CPU, network, and other power-intensive
operations are deferred to "maintenance windows."

e Impact: Scheduled tasks, network access, and
background services are paused until a maintenance
window or the device is active again.
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3.App Standby Buckets (Android 9.0 - API 28): I

e Mechanism: The system dynamically categorizes apps
into "buckets" (Active, Working Set, Frequent, Rare,
Exempted) based on recent usage patterns. Less
frequently used apps (e.g., "Rare" bucket) have tighter
restrictions on resource access, including network and
jobs.

e Impact: Apps in lower priority buckets have fewer
opportunities to run background tasks.

4.Android 12 (API 31) - Foreground Service Launch
Restrictions:

e Mechanism: Further restricts when apps can start
foreground services from the background. Unless an app
is on a temporary "allowlist" (e.g., responding to a high-
priority message, a notification action, or interacting with
a connected car), it cannot start a foreground service
when it's in the background.

e Impact: Requires careful design for services that need to
start (e.g., from a broadcast receiver when the app is not
visible).

e New Requirements: Foreground services must declare a
foregroundServiceType in the manifest (e.g., location,
mediaPlayback, camera) and the
FOREGROUND_SERVICE_CAPABILITY permission.
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How WorkManager Inherently Handles These Limits: I

WorkManager is explicitly designed to work within these
constraints and abstracts away the complexities.

e Intelligent Scheduling: WorkManager intelligently
chooses the best underlying APl (JobScheduler,
AlarmManager, etc.) based on the device's APl level and
current state (e.g., Doze mode, app bucket). It schedules
your work only when the system is in an appropriate
state and your defined constraints are met.

e Persistence: It stores work requests in an internal
database, guaranteeing execution across app restarts
and device reboots. If a task is deferred due to Doze or
App Standby, WorkManager ensures it runs once the
device exits those states or enters a maintenance
window.

Esmaeeil Moradi
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e Automatic Retries and Backoff: WorkManager handles
retries with exponential backoff for transient failures
(e.g., network timeout), further enhancing reliability
under varying conditions.

e Background Service Management: When WorkManager
needs to execute a task, it might internally use a short-
lived foreground service if the work requires it to
continue running reliably, especially for longer tasks,
ensuring it's compliant with newer Android versions.
However, developers don't typically directly interact with
this internal service management.
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When Foreground Services Are Still Necessary: ’

Despite WorkManager's capabilities, Foreground Services
are still essential for specific use cases where the work is:

1.User-Visible and Continuous: The user is actively aware
of the operation and expects it to continue uninterrupted
even if the app is not in the foreground.

o Examples: Music player (playback continues while
app is backgrounded), GPS navigation, ongoing
voice/video calls, health tracking (continuous sensor
data collection).

2.Not Deferrable: The operation cannot wait and must run
Immediately when triggered and continue until
completed or stopped.

3.Bypassing Strict Background Limits (with User
Awareness): Because foreground services are user-
facing (via notification), they are less likely to be killed by
the system.
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Best Practices for Handling Background Execution Limits:

 Prefer WorkManager: For almost all deferrable and
guaranteed background tasks. It's the most compliant
and robust solution.

e Use Foreground Services Sparingly: Only when the task
truly requires an ongoing, user-visible presence. Ensure
you meet all Foreground Service requirements
(notification, type declaration,
FOREGROUND_SERVICE_CAPABILITY). Be mindful of
Android 12+ restrictions on starting them from the
background.

e Batch Work: Group related background tasks together
to reduce the number of times the device wakes up,
saving battery.

e Optimize Network Requests: Use WorkManager to
defer network requests until conditions are optimal (e.g.,
Wi-Fi, device charging). Consider PeriodicWorkRequest
for regular data sync.
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e Test on Different Android Versions: Always test your
background processing logic on various Android
versions, especially older ones (e.g., APl 23, 26, 28) and
newer ones (APl 31+), to understand their behavior
under different constraints.

e Monitor Battery Usage: Use Android Studio's Profiler
(Energy Profiler) and system tools to understand your
app's background battery consumption.
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By strategically using WorkManager for deferrable tasks
and Foreground Services for truly user-visible, continuous
operations, you can build efficient and compliant Android
applications that run reliably within modern Android's
strict background execution limits.

Esmaeeil Moradi 23
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Mid-Level Questions
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Implement complex WorkManager chains with constraints.

WorkManager excels at defining complex sequences of
tasks, allowing you to specify dependencies and constraints
for each step. This enables robust and reliable background
processing workflows.
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Core Components for Chaining and Constraints:

1.Worker: The actual task unit. You extend
ListenableWorker (or CoroutineWorker for Kotlin
Coroutines) and override doWork().

2.WorkRequest: Defines how and when a Worker should
run.

a.0OneTimeWorkRequest: For a single execution.
b.PeriodicWorkRequest: For recurring executions
(minimum interval 15 minutes).

3.Constraints: Conditions that must be met for a
WorkRequest to run.

4. ExistingWorkPolicy: Specifies how to handle enqueuing
a new WorkRequest if one with the same unigue name
already exists (REPLACE, KEEP, APPEND,
APPEND_OR_REPLACE).

5.WorkManager Instance: Used to enqueue and manage
work.
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Practical Example: Image Processing Workflow '

Let's imagine a scenario where a user selects an image, and
the app needs to:

1.Upload the original image to a staging server.

2.Apply a filter to the image (local processing).

3.Upload the filtered image to the final server.

4.Clean up local temporary files.

Each step has specific requirements:
e Uploads need network connectivity.
e Filtering is CPU-intensive.
e Cleanup should always happen.
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Step 1: Define Your Workers

ass UploadOriginalWorker (

pLontext: Context,

end fun doWork(): Result

h = inputData.gdetSt

Ll vt et i [ -
kManager”,

lass ApplyFilterWorker (
appContext:

1 fun doWork(): Result

= inputData.getStri

p/files/filtered ${UUID.randomUUID()}.jpg") )
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UploadFilteredWorker (

; CleanupWorker (
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Step 2: Define Constraints
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Step 3: Build WorkRequests
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Step 4: Enqueue and Chain Work

WorkManager provides beginWith(), then(), and parallel() folr

chaining.

Esmaeeil Moradi
@esmaeeil-moradi700

32



Explanation of Chaining Behavior:

e beginWith(A).then(B).enqueue(): Task B will only run if
Task A succeeds. If A fails or is cancelled, B will not run.

e beginWith(listOf(A, B)).then(C).enqueue(): Tasks A and B
run in parallel. Task C will only run if both A and B
succeed.

e Data can be passed between chained Workers. The
OutputData of a preceding Worker becomes the
InputData of the succeeding Worker.
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Managing Unique Work and Existing Work Policies: '

For long-running, critical work, it's often useful to give
WorkRequests a unique name to manage them.

This ensures that only one image processing workflow runs
at a time for a given unique name, which is vital for
preventing duplicate processing or resource contention.

Complex WorkManager chains, combined with well-defined
constraints and proper handling of ExistingWorkPolicy,
provide a powerful and reliable way to manage background
processing workflows in Android.
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How do you ensure background tasks complete even when theI

app is killed?

Ensuring background tasks complete even when the app
process is Killed is a fundamental requirement for reliable
Android applications. This is where WorkManager shines, as
it's specifically designed for this persistence.
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The Problem with Traditional Services
(Background Services):

e Process Kills: If your app's process is killed by the
system (e.g., due to low memory, user swiping away the
app, or app crash), any running Service (that's not a
Foreground Service) will also be terminated. There's no
guarantee it will restart or complete its work.

e System Restrictions: As discussed, modern Android
versions (APl 26+) heavily restrict when background
services can run and how long they can live. They are
often killed after a short window if the app is not in the
foreground.

e Device Reboots: Traditional Services do not inherently
survive device reboots. You would need to register
BroadcastReceivers for BOOT_COMPLETED and
manually restart your service or reschedule tasks,
adding significant complexity.
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WorkManager's Solution:
Guaranteed Execution and Persistence:
WorkManager addresses these issues by decoupling the

work request from the actual process. Here's how it ensures
tasks complete:

1.Internal Database (SQLite):

e WorkManager maintains an internal SQLite database on
the device. When you enqueue a WorkRequest (e.g.,
OneTimeWorkRequest, PeriodicWorkRequest), it
serializes all the details of that work (including its class,
input data, constraints, and state) and stores them
persistently in this database.

e Implication: Even if your app's process is Killed
immediately after enqueuing work, the WorkManager
library (which runs as part of the application's process

but uses a persistent storage) retains the record of that
work.
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2.System-Level Scheduling
(JobScheduler, AlarmManager):
e WorkManager doesn't run the tasks itself directly from
your app's process. Instead, it delegates the actual
scheduling to system-level APlIs:

o JobScheduler (APl 23+): The primary mechanism.
JobScheduler is a system service that schedules jobs
(work) for your app based on constraints. If your app
process is killed, JobScheduler (a system
component) still knows about the scheduled job.
When the conditions are met (e.g., network available,
device idle) and resources allow, JobScheduler will
start your app's process in the background and tell
WorkManager to execute the pending Worker.

o AlarmManager + BroadcastReceiver (APl < 23): For
older Android versions where JobScheduler isn't
available, WorkManager falls back to AlarmManager
(to trigger at a specific time or after a delay) and
BroadcastReceiver (to receive the alarm and re-
engueue the work, or to handle events like
BOOT_COMPLETED). This is more complex but
handled by WorkManager internally.

e Implication: The system itself becomes responsible for
ensuring your work runs eventually, not just your app's
proce
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3.Surviving Device Reboots: '

e Because WorkManager's work reguests are stored in a
persistent database and scheduled via system services
(JobScheduler or AlarmManager with
BOOT_COMPLETED), they survive device reboots
automatically. When the device restarts, WorkManager
re-initializes itself and re-enqueues any pending or
uncompleted work from its database.

4.No BroadcastReceiver for BOOT_COMPLETED needed
(for WorkManager):

e You don't need to manually set up a BroadcastReceiver
for BOOT_COMPLETED to restart your work if using
WorkManager. It handles this internally.

Esmaeeil Moradi
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In Contrast:

Why Services Alone Don't Guarantee Completion:

e |f you just startService(intent) for a simple Service, and
your app process gets killed by the system (e.g., low
memory, user swipe), that service is gone. The system
has no record of its intended work.

e While Foreground Services are more resilient against
system kills because they are user-visible (via
notification), they still:

o Can be killed by the system under extreme memory
pressure (though less likely).

o Do not inherently survive device reboots (you'd need
a BroadcastReceiver and logic to restart them).

o Are for ongoing, user-facing tasks, not deferrable
work.

Summary:

For tasks that absolutely must complete, even if the app
isn't actively running or the device reboots, WorkManager
Is the unequivocally recommended solution.

Its architecture, leveraging an internal persistent database
and system-level scheduling APIs, provides the reliability
and guarantee of execution that no other direct Android
component offers for deferrable background work.
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Design foreground services for long-running operations.

Foreground Services are crucial for long-running operations
that require a continuous presence and are actively noticed
by the user. They are designed to allow your app to perform
tasks that need to run even when the app is in the
background or the screen is off, while still complying with
Android's background execution limits by keeping the user
informed.

Purpose of Foreground Services:

e To perform long-running tasks that the user is explicitly
aware of and expects to continue uninterrupted, even if
the app is not in the foreground.

e To signal to the Android system that your app is
performing important work that should not be terminated
by the system to reclaim resources.

Esmaeeil Moradi
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Requirements for Foreground Services: '

1.Persistent Notification: You must display a notification to
the user while the foreground service is active. This
notification is visible in the status bar and the notification
drawer. It cannot be dismissed by the user until the service
Is stopped.

e The notification should clearly indicate what the service
is doing (e.g., "Playing music," "Recording your run,"
"Active VPN connection").

e [t must be a Notification (not a toast or a snackbar).

e [t must have a notificationld greater than O.

e From Android 8.0 (API 26), notifications require a
notification channel.

2.FOREGROUND_SERVICE Permission: Declare this
permission in your AndroidManifest.xmil:

I:-name="android.permission.FOREGROUND SERVICE" />

Esmaeeil Moradi
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3.Foreground Service Type (Android 10 - APl 29+ & '

Android 12 - API 31+):

e From API 29, if your foreground service needs location
access, you must also request
ACCESS_BACKGROUND_LOCATION if accessing location
when the app is backgrounded.

e From API 31, you must declare the
android:foregroundServiceType in your manifest for the
service. This tells the system what kind of task your
foreground service performs.

o Examples: location, mediaPlayback, mediaProjection,
connectedDevice, camera, microphone, health,
dataSync, phoneCall, remoteMessaging,
shortService, specialUse, systemExempted.

e From Android 12 (API 31), apps cannot start foreground
services from the background unless they are on a
temporary allowlist (e.g., responding to high-priority
FCM, notification action, pending intent, or interacting
with a connected car).
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Best Practices for Implementation:
1.Define Your Service: Create a class that extends Serwc.

MyForegroundService : Sen

n onStartCommand(intent:

i I " L] f " - - o
Ol Mas , roreground servi

fun onBind(int
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ride fun onDestroy() 4
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nd fun performLongRunningTask()
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2.Start and Stop the Service:

e Start: Use Context.startForegroundService(intent) to
start the service. This tells the system that your service
expects to go into the foreground quickly. You then must
call startForeground() within 5 seconds of
onStartCommand().

e Stop: Call stopSelf() from within the service when its
work is done, or stopService(intent) from an activity/
fragment. To remove the notification, call
stopForeground(true).

fun startMyService(context: Context) 1

fun stopMyService(context

aer'y _ e
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3.Threading within Services: Since Service runs on the
main thread, always perform long-running or blocking
operations on a separate thread/Coroutine. Use
CoroutineScope with Dispatchers.lO or an ExecutorService.
Cancel ongoing work in onDestroy().

4 Minimizing Resource Usage: Even foreground services
should be optimized.
e Release resources (CPU, network, sensors) when not
actively needed.
e Adjust polling intervals or data collection rates based on
user activity or device state.
e Stop the service as soon as the long-running operation is
completed.

5.Handling Android 12+ Restrictions (starting from
background):

e |f your app needs to start a foreground service from the
background (e.g., in response to a Push Notification for a
voice call), ensure you comply with the allowlist criteria
(e.g., use a high-priority FCM with
startForegroundService called from a
FirebaseMessagingService).

e For other background work that doesn't require
continuous user awareness, use WorkManager.
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By following these best practices, you can design and
implement robust foreground services that deliver
continuous functionality while respecting Android's
modern platform guidelines.
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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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