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Mobile Engineering Teams at Uber
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Mobile Platform Teams




Mobile Platform Vision

Be the industry leader

for how developers build,
deploy, and manage high-quality
software productively

and at scale.

How are we going
to build that?

Well, how does
Uber do it?

P




Development Stack and
Workflow




Mobile Tech Stack
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Android Tech Stack

s ™
Architecture

e RIBS - Converged Architecture

e  Kotlin, Compose, Coroutines

e  Motif - Code generated DI

-
Frameworks

e  Citrus - Parameterized XP and Plugins
e Simple-store - Async KVS Storage

C )
Ul

e  Stylist/Artist - View & Style generators
e Base Mobile - Compose Based Ul Components

e Base SDUI - Server Driven Ul Rendering )

/ 1o \
Data and Observability

Unified Reporter - Analytics pipeline

Jenga - GRPC Model generation pipeline
Healthline - Crash & Observability

Blackswan - Crash Recovery j




Mobile Code Development

Diff create to AppStore (p50: 15 days) or Diff create to production

Diff create to commit time (20-60 hr)

Diff review time (10-40 hr)

Mobile Release (9-10 days)

Local build time Land time Delivery time (1
(30-120 sec) Diff Cl time (10-45 min) hr)
< o Mobile Submission to
Diff create Diff land Commit Delivery buildcut  App/Play Stores
* * * * 5 *
Edit ) Mobile Burnt
Buildor 3¢ Changes X Build, testor X Proguardor X Hotfix X xreleose
fest failure requested merge failure Redex Failure
A SWE'’s < -~ <

Run inner loop g;ﬂ;



Measuring Devx




What We Measure

Uber

Net Promoter Score (NPS)
Developer Throughput
Build Time

Failure Rate

Git time

Release Funnel

IDE Performance
CI/CD Time
Tooling uptime
App Performance

App Reliability



Developer Satisfaction (NPS)

NPS over time
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Local Developer Analytics (LDA)
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Local Developer Analytics

Data Collectors




IDE Analytics

IDE distribution
Plugin distribution
~ Performance
Memory usage
~ IDEA indexing
Total
Percentile
Reason
By user
Raw events
~ IDEAUI
Latency (devpod vs lo...
Latency (by percentile)
Freeze (devpod vs local)
Freeze (by percentile)
» Code analyzer
» IDEA users
» IDEA loading
Code completion
Actions
IDE Custom Messages
Modules
» IDE Crashes

» Adoption timeline
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Making Builds Faster




Uber's Android Build Systems

Deprecate Buck

Introduced Buck with OkBuck Evaluate Bazel
. Remove Buck as
dl Worked with Bazel and Gradle teams Shadow
. lése (K5’f_a| e to generate to evaluate both and decide to e >10KModules
UCK files converge with Uber on Bazel. . Remote Execution
° < 1K Modules
° 3min to 30s p75 build time
2019 2022
2016 2021 2023
Pure Buck Bazel Migration
Stopped generating Buck files . Dynamically generate Bazel

BUILD files and run in
parallel with BUCK.

. Coordinate with Community
. Invest into performance
and compatibility

dynamically from Gradle



Mobile vs Backend Builds

Locally Build # of Modules (P75)
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Rider Driver Eats Backend



Rider App Dependency Graph

Over 12,000 module dependencies

*Reduced via transitive reduction
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Total Compilation Time in seconds

Kotlin Builds

Build Performance Type

Kotlin is up to 2x slower than Java (with Errorprone)

> @ mixed_by_kotlin_and_java_sources_with_kapt_gen_kotlin_and_java
@ pure_kotlin_with_kapt
® mixed_by_kotlin_and_java_sources_with_kapt_gen_kotlin
@ mixed_by_kotlin_only_sources_with_kapt_gen_java
@ mixed_by_kotlin_and_java_sources_without_kapt_lots_java
@ pure_kotlin_without_kapt_with_implicit_types_and_new_type_inference
@ pure_kotlin_without_kapt_with_explicit_types_and_new_type_inference
@ mixed_by_kotlin_and_java_sources_without_kapt_few_java
@ pure_kotlin_without_kapt_with_explicit_types
® pure_kotlin_without_kapt_with_implicit_types
® pure_java_with_apt_with_ep
@ pure_java_without_apt_with_ep
@ pure_java_without_apt_without_ep



Faster Compilation

e [nsand Outs
e CacheKeys
e ABIJars



Faster Compilation

Build Target Inputs

Build Target Outputs
e Joolchain
- FooModule

e Dependencies ® JARs/AARs
e Configuration

Cache Key: 9e92c406b5efc492a714d29c5e26516d



ABI Jars

N

dependsOn




dependsOn

BarModule

\.

AB| Jars FooModule
compile_against_abis = false

Bar.jar
Foo.class
Cache-key: 9e92c406b5efc492a714d29c5e26516d

Bar Module
src/foo.kt .| public final class FooKt {
o @NotNull
fun bar() = "Foo public static final String bar() {
return "Foo";
}

}




, ‘dependsOn

AB| Jars FooModule
compile_against_abis = false

BarModule

A

Bar.jar
Foo.class
Cache-key: a28d01554c0f541c04ec3a2fe28396ed

Bar Module

src/foo.kt public final class FooKt {

@NotNull
public static final String bar() {

fun bar() = “FooBar”

return "FooBar";

}
}




dependsOn

BarModule

\.

AB| Jars FooModule
compile_against_abis = true

Bar.abi.jar
Foo.class
Cache-key: d3b7138441694bea985e32ef219697b6

Bar Module

src/foo.kt public final class FooKt {

@NotNull
public static final String bar() { }

fun bar() = “Foo”

}




—

\// dependsOn
AB| Jars FooModule

compile_against_abis = true

BarModule

\.

Bar.abi.jar
Foo.class
Cache-key: d3b7138441694bea985e32ef219697b6

Bar Module

src/foo.kt public final class FooKt {

@NotNull
public static final String bar() { }

fun bar() = “FooBar”

}




Faster Compilation

e [nsand Outs
e CacheKeys

e ABIJars

o Class ABljars
o Src ABl Jars



Class ABI Jars

Bar.abi.jar
Foo.class

Bar Module
src/foo.kt

fun bar() = “Foo”

Cache-key:
d3b7138441694bea985e32ef219697b6

ABI Generator (ASM) —

public final class FooKt {

@NotNull
public static final String bar() { }

}

Bar.jar
Foo.class
Cache-key: a28d01554c0f541c04ec3a2fe28396ed

public final class FooKt {

javac/kotlinc

@NotNull
public static final String bar() {
return "FooBar";

}
}




Source ABI Jars

Bar Module
src/foo.kt

fun bar() = “Foo”

javac/kotlinc

Bar.abi.jar

Foo.class

Cache-key:
d3b7138441694bea985e32ef219697b6

public final class FooKt {
@NotNull
public static final String bar() { }

}

Bar.jar
Foo.class
Cache-key: a28d01554c0f541c04ec3a2fe28396ed

public final class FooKt {
@NotNull
public static final String bar() {
return "FooBar";

}
}




Source ABI Jars (Java)

Bar Module
src/foo.kt

fun bar() = “Foo”

Javac

parse+enter analyze+generate

Bar.abi.jar

Foo.class

Cache-key:
d3b7138441694bea985e32ef219697b6

public final class FooKt {
@NotNull
public static final String bar() { }

}

-

Bar.jar
Foo.class
Cache-key: a28d01554c0f541c04ec3a2fe28396ed

public final class FooKt {
@NotNull
public static final String bar() {
return "FooBar";

}
}




Rule Pipelining (Java)

parse+enter analyze+generate

parse+enter analyze+generate

- o -



Source ABI Jars (Kotlin)

Bar Module
src/foo.kt

Kotlinc | Jvm-abi-gen

fun bar() = “Foo”

Bar.jar
Bar.abi.jar Foo.class
Foo.class Cache-key: a28d01554c0f541c04ec3a2fe28396ed
Cache-key: e
d3b7138441694bead85e326219697b6 public final class FooKt {
@NotNull

public final class FooKt { public static final String bar() {

@NotNull return "FooBar";

public static final String bar() { } }

} }




Mixed Java and Kotlin Sources

FooBarModule

foo.kt

bar.java

parse+enter analyze+generate




Kotlin Rule Pipelining
Making Mixed Java/Kt Sources Faster

FooBarModule

foo.kt

foo.class

bar.java

foo.abi.class

parse+enter alyze+generate

bar.class

bar.abi.class

foobar.abi.jar

foobar.jar




Kotlin Rule Pipelining
Making Mixed Java/Kt Sources Faster

dependsOn

Jvm-Abi-Gen

parse+enter

analyze+generate

ABI Jar




Faster Compilation

e [nsand Outs
e CacheKeys

e ABIJars
o Class ABljars
o  Src ABIl Jars

e Per class compiler avoidance



Per Class Compiler Avoidance

FooModule
src/foo.kt

fun foo() {
bar()
}

»

dependsOn

BarModule
src/bar.kt

" fun bar()

FooBarModule
src/foobar.kt

fun foobar()

¢




Per Class Compiler Avoidance

FooModule
src/foo.kt

fun foo() {
bar()
}

<

dependsOn

Class
in jaris
used?

Class
in jar is
used?

BarModule
src/bar.kt

7| fun bar()

FooBarModule
src/foobar.kt

fun foobar()

®




Kotlin Class Usage Tracking Compiler Plugin

ClassCollector : CallChecker, DeclarationChecker

fun check(ResolvedCall) {
registerClass(...)

}

fun check(KtDeclaration) {
registerClass(...)

}




Faster Compilation

e [nsand Outs
e CacheKeys

e ABIJars

o Class ABljars
o Src ABl Jars

e Per class compiler avoidance
e Annotation Processing



Compiler Avoidance Data

# of Built Targets

800
600
400
200
0
Buck (Fully Bazel Bazel w/ Bazel w/ per- Bazel w/ per-
Optimized) transitive deps target class compilation
pruning (*) compilation avoidance
avoidance

github.com/bazelbuild/bazel/pull/16457



Annotation Processing

e Kotlin Annotation Processing Tool (KAPT)

o Slow
e Java Annotation Processing (AP)
o Fast

o Doesntsupport Kotlin

e Kotlin Symbol Processing (KSP)
o Fast
o Doesnthave wide support



Kotlin Annotation Processing

FooBarModule

Foo.kt
@Foo

Foo.class

N Foo_Impl.kt

- Foo_Impl.class

KAPT slows build time by more than 150% compared to Kotlin without AP or Javac AP




Kotlin Annotation Processing

FooBarModule

Foo.kt
@Foo

Bar.java

@Bar

KAPT

- Foo.class

- Foo_Impl.class

- Bar.class

- Bar_Impl.class




Kotlin Annotation Processing

FooBarModule

Foo.kt
@Foo

Bar.java

@Bar

Kaptish




Kaptish

Kaptish : Plugin {
getName() =

init(task: JavacTask, args: String?) {

classes = getClasses(task.context)
Arguments.instance(task.context).classNames.addAll(classes)

“The javac command can also process annotations in Java source files and classes.” - Javac docs



Kaptish Downsides

e Cannotreference generated code directly in Kotlin.
e Must have class retained annotations
e Cannot generate Kotlin code



Faster Compilation

e [nsand Outs
e CacheKeys

e ABIJars

o Class ABljars
o Src ABl Jars

e Per class compiler avoidance
e Annotation Processing

e [uture:
o KSP
o K2 Compiler
o  Graph Flattening



IDEs and Devtools




Local development

M1 Max hardware running Mac OS

Intellij 2022

Uber IDE Plugins

Automatic IDE settings (Vmoptions, default settings, code style)
Integrate LDA

Managed IT and standard applications via Chef

Developer setup Android environment X



Custom Intellij Plugins

Local Developer Analytics
Scaffold new Module
Scaffold new RIB with Compose Views
Scaffold new Sandbox app
Motif Dependency explorer
Realtime RIB explorer

Index new apps/modules
Manage third party plugins
Analytics line markers

Live Templates

Realtime Ul updates

Ribs:  Hierarchy
emulator-5554

SYITOBoO
¥ [ Android SDK built for armé4
Y com.ubercab.presidio.exo
N RootActivity
v RootRouter
v EntryRouter
v ModernOnboardingRouter
WelcomeRouter (com.ubercab.presidio.

[
v @ WelcomeView [layout/ub__welcome.xml]

f UFrameLayout [id/onboarding_splash_container]
© Guideline [id/guideline_logo]

B UlmageView [id/onboarding_uber_logo]

M UTextView [id/onboarding_uber_description]

M UlmageView [id/onboarding_uber_title]

© UButton [id/welcome_screen_continue]




QuickUl 7 onome

Realtime XML Updates
Compile Uber App
Full APK
and ADB Custom Resource
Build Command push Wrapper
Resource Only APK
No
Resource
Onl
Chaynge? Compile Resource V1
Resources
and ADB Resource V2
push
\\ Resource V2




QuickUl Demo

1003 6@

Move with Safety

Get Started



https://docs.google.com/file/d/1w_kYUZkPcPab5pkdFYZz8mI6e8NiZRGJ/preview

Devpod (Cloud IDEs)

Beefy Dev Servers

Global distributed
Containerized dev environment
Preloaded Caches

IDE as a daemon

User customization

Jetbrains Gateway and VSCode
Supports multiple devpods
Instant context Switching

“l used to barely being able to make large scale migrations on my macbook w/o steam coming out of it, and now im
changing 20K LOC in 2K files w/ all modules in Intellij indexed on a cloud machine over airplane wifi. Crazy times!”



Devpods + Android Emulators & Devices

Devpod Laptop
gateway.//..
IDE 2 Gateway
Emulator /
Build Phone
ADB ADB
devpod init-adb mydevpod
(ssh -r 5037:localhost:5037)
SSHD SSH




Snapshots

24
Hours

> devpod create

Boot IDE

Provision Devpod

1

1

Archive outputs

~/android/buck-out

Boot Devpod

:

Clone Repo

l

Extract Archives
~/android/buck-out
~/.idea/* folders
~/.gradle/* folders
~/.buck-cache
~/.bazel-cache

1

Download Artifacts

A

Boot IDE

e ~/.idea/* folders
Boot Devpod e ~/.gradle/* folders
: e ~/.buck-cache
Clone Repo e ~/.bazel-cache
: :
Build Project Upload Archives




Jetbrains Cached Index

Indexing Project target: a project in Android monorepo

Reqular Indexing Jetbrains Shared Index Plugin Cached Index
38 minutes seconds

* provided time corresponds to Intellij IDEA “Updating Index” stage



Devpod Demo



https://docs.google.com/file/d/1rLSERjtMpLOxg9GcH6rmH0EUZkhqeuq4/preview
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Resources

RIBs - github.com/uber/ribbs

Motif - github.com/uber/maotif

Nanoscope - github.com/uber/nanoscope

Nullaway - github.com/uber/nullaway

Piranha - github.com/uber/piranha

Gradle/Buck/Bazel evaluation - github.com/uber-common/android-build-eval
Napt - github.com/sergei-lapin/napt

Flipper - github.com/facebook/flipper

Detekt - github.com/detekt/detekt

KTFMT - github.com/facebookincubator/ktfmt

Devpod like product - codercom, Gitpod.io, & Github Code Spaces
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