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Asynchronous Programming with
Callbacks




Callbacks: before

1 fun requestToken(): Token {
// makes request for a token & waits
return token // returns result when received



Callbacks: after

callback
1 fun requestTokenAsync(cb: (Token) —> Unit) {
// makes request for a token, invokes callback when done
// returns immediately



Callbacks: before

2 fun createPost(token: Token, item: Item): Post {
// sends item to the server & waits
return post // returns resulting post



Callbacks: after

2 fun createPostAsync(token: Token, item: Itenm,
callback cb: (Post) —> Unit) {
// sends item to the server, invokes callback when done
// returns immediately



Callbacks: before

fun postItem(item: Item) {
val token = requestToken()
val post = createPost(token, item)

processPost(post)



Callbacks: after

This is simplified. Handling
exceptions makes it a real mess

fun postItem(item: Item) { ///
requestTokenAsync { token ->
createPostAsync(token, item) { post ->
processPost(post)

¥
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aka “callback hell”




Futures/Promises
make it nicer

- “\Fg‘ V\vr ,..,- ,
k. - 4

‘?\ p > ' . 4 ’ B

4 -



Futures: before

1 fun requestTokenAsync(cb: (Token) —> Unit) {
// makes request for a token, invokes callback when done
// returns immediately



Futures: after

future
1 fun requestTokenAsync(): Promise<Token> {
// makes request for a token
// returns promise for a future result immediately



Futures: before

2 fun createPostAsync(token: Token, item: Itenm,
cb: (Post) —> Unit) {
// sends item to the server, invokes callback when done
// returns immediately



Futures: after

future
2 fun createPostAsync(token: Token, item: Item): Promise<Post> {
// sends item to the server
// returns promise for a future result immediately



Futures: before

fun postItem(item: Item) {
requestTokenAsync { token ->
createPostAsync(token, item) { post ->
processPost(post)

}



Futures: after

fun postItem(item: Item) {
requestTokenAsync ()
.thenCompose { token => createPostAsync(token, item) }
.thenAccept { post -> processPost(post) }



Futures: after

{ token => createPostAsync(token, item) }
{ post => processPost(post) }

\

Callbacks are still here




Futures: after

Composable &
propagates exceptions

fun postItem(item: Item) {
requestTokenAsync ()
.thenCompose { token => createPostAsync(token, item) }
.thenAccept { post -> processPost(post) }

' \

No nesting indentation Callbacks are still here




Futures: after

fun postItem(item: Item) {
requestTokenAsync ()
.thenCompose { token => createPostAsync(token, item) }
.thenAccept { post -> processPost(post) }

} I

But all those operators...




Kotlin coroutine
to the rescue




Coroutines: before

1 fun requestTokenAsync(): Promise<Token> {
// makes request for a token
// returns promise for a future result immediately



Coroutines: after

natural signature

1 suspend fun requestToken(): Token {
// makes request for a token & suspends
return token // returns result when received



Coroutines: before

2 fun createPostAsync(token: Token, item: Item): Promise<Post> {
// sends item to the server
// returns promise for a future result immediately



Coroutines: after

natural signature
2 suspend fun createPost(token: Token, item: Item): Post {

// sends item to the server & suspends
return post // returns result when received



Coroutines: before

fun postItem(item: Item) {
requestTokenAsync ()
.thenCompose { token => createPostAsync(token, item) }
.thenAccept { post -> processPost(post) }



Coroutines: after

suspend fun postItem(item: Item) {
val token = requestToken()
val post = createPost(token, item)
processPost(post)



Coroutines: after

suspend -
val token = requestToken()
val post = createPost(token, item) - Like regular code
processPost(post)



Coroutines: after

suspension
points

R

val token = requestToken()
% val post = createPost(token, item)
processPost(post)



Bonus features

* Regular loops

for ((token, item) in 1list) {
x createPost(token, item)

}



Bonus features

* Reqular exception handing

try {
a createPost(token, item)
} catch (e: BadTokenException) {

}



Bonus features

* Regular higher-order functions

file.readlLines().forEach { line ->
x createPost(token, line.toItem())

}



Bonus features

e Custom higher-order functions

val post = retryIO {
s createPost(token, item)

}

Everything like in regular code




How does it work?

A quick peek behind the scenes



Kotlin suspending functions

suspend fun createPost(token: Token, item: Item): Post { .. }

!

callback

Object createPost(Token token, Item item, Continuation<Post> cont) { ..



Kotlin suspending functions

!

interface Continuation<in T> {
val context: CoroutineContext
fun resumeWith(result: Result<T>)

callback

Continuation is a generic callback interface Zii




Kotlin suspending functions

!

val context: CoroutineContext

callback




Kotlin suspending functions

!

callback

fun resumeWith(result: Result<T>)




Integration

Zoo of futures on JVM




Retrofit async

interface Service {
fun createPost(token: Token, item: Item): Call<Post>
I3



natural signature
suspend fun createPost(token: Token, item: Item): Post



serviceInstance.createPost(token, item).await()

N

Suspending extension function
from integration library




suspend fun <T> Call<T>.await(): T {

}



Callbacks everywhere

enqueue(object : Callback<T> {
override fun onResponse(call: Call<T>, response: Response<T>) {
// todo
s

override fun onFailure(call: Call<T>, t: Throwable) {
// todo
¥

})



suspend fun <= Call<T=.await(): T = suspendCoroutine { cont —>
enqueue(object : Callback<T> {
override fun onResponse(call: Call<T>, response: Response<T>) {
if (response.isSuccessful)
cont.resume(response.body()!'!)
else
cont.resumeWithException(ErrorResponse(response))

}

override fun onFailure(call: Call<T>, t: Throwable) {
cont.resumeWithException(t)
s

})



suspend fun <T> suspendCoroutine(block: (Continuation<T>) -> Unit): T



suspend fun <T> suspendCoroutine(block: (Continuation<T>) -> Unit): T



suspend fun <T> suspendCoroutine(block: (Continuation<T>) -> Unit): T

/

Regular function

Inspired by call/cc from Scheme




suspend fun <T= Call<T=.awaitl(): T = suspendCoroutine { cont ->
enqueue(object : Callback<T> {
override fun onResponse(call: Call<T>, response: Response<T>) {
if (response.isSuccessful)
cont.resume(response.body()!'!)
else
cont.resumeWithException(ErrorResponse(response))

}

override fun onFailure(call: Call<T>, t: Throwable) {
cont.resumeWithException(t)
s

})



Install callback

suspend fun <T= Call<T=.awaitl(): T = suspendCoroutine { cont ->
enqueue(object : Callback<T> {
override fun onResponse(call: Call<T>, response: Response<T>) {
if (response.isSuccessful)
cont.resume(response.body()!'!)
else
cont.resumeWithException(ErrorResponse(response))

}

override fun onFailure(call: Call<T>, t: Throwable) {
cont.resumeWithException(t)
¥

)



Install callback

override fun onResponse(call: Call<T>, response: Response<T>) {



Analyze response

if (response.isSuccessful)
cont.resume(response.body()!'!)

else
cont.resumeWithException(ErrorResponse(response))



Analyze response

if (response.isSuccessful)
cont.resume(response.body()!'!)

else
cont.resumeWithException(ErrorResponse(response))

That’s all
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Coroutines revisited

suspend fun postItem(item: Item) {
val token = requestToken()
val post = createPost(token, item)
processPost(post)



Coroutines revisited

fun postItem(item: Item) {
val token = requestToken()
val post = createPost(token, item)

processPost(post)



Coroutines revisited

fun postItem(item: Item) {

val token = ()
val post = createPost(token, item)
processPost(post) \

+ \

\
\

Error: Suspend function 'requestToken' should be called only from
a coroutine or another suspend function




Coroutines revisited

Can suspend execution

fun postItem(item: Item) { ,/////

val token = ()
val post = createPost(token,

processPost(post)

item)




Coroutines revisited

A regular function cannot

N

fun postItem(item: Item) {
val token =

Can suspend execution

/

()

val post = createPost(token, item)

processPost(post)




Coroutines revisited

Can suspend execution

A regular function cannot
fun postItem(item: Item) { /
val token = requestToken()

val post = createPost(token, item)
processPost(post)

One cannot simply invoke a
suspending function



Launch

fun postItem(item: Item) {
GlobalScope. launch {
val token = requestToken()
val post = createPost(token, item)
processPost(post)



fun postItem(item: Item) { Fire and forget!
GlobalScope. launch {
val token = requestToken()
val post = createPost(token, item)
processPost(post)



S

Fire and forget!
GlobalScope. launch { _

val token = requestToken() We launch for its
val post = createPost(token, item) ¢~ e off
processPost(post) side erfects

—



Returns immediately, coroutine works

in background thread pool

GlobalScope. launch {




GlobalScope. launch {
val token = requestToken()
val post = createPost(token, item)
processPost(post)



Dispatcher

Just specify the dispatcher

GlobalScope. launch(Dispatchers.Main) {



Dispatcher

val token = requestToken()
val post = createPost(token, item)

processPost(post)

And it gets executed on the Main thread




Where's the magic of [aunch?



A regular function

\

fun CoroutineScope. launch(
context: CoroutineContext = EmptyCoroutineContext,
block: suspend () —> Unit

): Job { .. }



fun CoroutineScope. launch(
context: CoroutineContext = EmptyCoroutineContext,
block: suspend () —> Unit

© suspendinglambda



fun CoroutineScope. launch(
context: CoroutineContext = EmptyCoroutineContext,
block: suspend () —> Unit

): Job 1 ..



async / await

The classic approach



Kotlin-way

Ketlin® suspend fun postItem(item: Item) {
s val token = requestToken()
s val post = createPost(token, item)
processPost(post)



Classic-way

C# approach to the same problem (also

o Python, TS, Dart, coming to JS)

c# async Task postItem(Item item) {
var token = await requestToken();
var post = await createPost(token, item);
processPost(post);



Classic-way

async Task<Token> requestToken() { .. }

async Task<Post> createPost(Token token, Item item) { ..

void processPost(Post post) { .. }

- mark with async
S async Task postItem(Item item) {
var token = await requestToken();
var post = await createPost(token, item);
processPost(post);

}



Classic-way

cH
var token = await requestToken();
var post = await createPost(token, item);

\

use await to suspend



Classic-way

async Task<Token> requestToken() { .. }

async Task<Post> createPost(Token token, Item item) { ..

void processPost(Post post) { .. }

~ returns a future
WucE async Task postItem(Item item) 1
var token = await requestToken();
var post = await createPost(token, item);
processPost(post);

}



Why no await keyword in Kotlin?

CH

CH

The problem with async

requestToken()

VALID —> produces Task<Token>

\

concurrent behavior

default

await requestToken()

VALID —> produces Token

T~

sequential behavior




Kotlin suspending functions are
designed to imitate sequential
behavior by default

Concurrency is hard
Concurrency has to be explicit




Kotlin approach to async



Use-case for async

C# async Task<Image> loadImageAsync(String name) { .. }



Use-case for async

CH#

var promisel
var promise2

loadImageAsync(namel);
loadImageAsync(name2);

Start multiple operations
concurrently




Use-case for async

CH#

var 1imagel
var image2

await promisel;
await promise2;

and then wait for them




Use-case for async

CH#

await promisel;
await promise2;

var 1imagel
var image2

var result combineImages(imagel, image2);



Kotlin async function

Kotlin® fun loadImageAsync(name: String): Deferred<Image> =
GlobalScope.async { .. }



Kotlin async function

A regular function

Kotlin® fun loadImageAsync(name: String): Deferred<Image> =
GlobalScope.async { .. }



Kotlin async function

Kotlin’s future type

/

Kotlin Deferred<Image>



Kotlin async function

Kotlin

GlobalScope.async { .. }

T~

async coroutine builder




Kotlin

val deferredl
val deferred2

loadImageAsync(namel)
loadImageAsync(name2)

Start multiple operations
concurrently




Kotlin

val 1imagel
val image2

deferredl.await()
deferred2.await()
await function

AN

and then wait for them

Suspends until deferred is complete




Crash?

Kotlin

val deferredl
val deferred2

loadImageAsync(namel)
loadImageAsync(name2)

val 1imagel

deferredl. GG () —— But what if this crashes?
)

val image2 = deferred2.await(

val result = combineImages(imagel, image2)



Crash?

Kotlin

val deferredl

loadImageAsync( namel)/// This one leaks
loadImageAsync(name2)

val deferred?2

val imagel = deferredl.ClEEN() — But what if this crashes?

val image2 = deferred2.await()

val result = combineImages(imagel, image2)



|[diomatic: Using async function when needed

Is defined as suspending function, not async

/

suspend fun loadImage(name: String): Image { .. }



|[diomatic: Using async function when needed

suspend fun loadAndCombine(namel: String, name2: String): Image =
coroutineScope { this: CoroutineScope
val deferredl = async { loadImage(namel) }
val deferred2 = async { loadImage(name2) }
combineImages(deferredl.await(), deferred2.await())

Structured concurrency




|[diomatic: Using async function when needed

val deferredl = async { loadImage(namel) }



|[diomatic: Using async function when needed

val deferred2 = async { loadImage(name2) }



|[diomatic: Using async function when needed

combineImages(deferredl.await(), deferred2.await())



Kotlin approach to async

Kotlin

Kotlin

requestToken()

VALID —> produces Token

\

sequential behavior

default

async { requestToken() }

VALID —> produces Deferred<Token>

T~

concurrent behavior




Structured concurrency



Structured concurrency

suspend fun loadAndCombine(namel: String, name2: String): Image =
coroutineScope { this: CoroutineScope
val deferredl = async { loadImage(namel) }
val deferred2 = async { loadImage(name2) }
combineImages(deferredl.await(), deferred2.await())



Crash

suspend fun loadAndCombine(namel: String, name2: String): Image =
coroutineScope { this: CoroutineScope
val deferredl = async { loadImage(namel)

} Crashes?
val deferred2 = GENE { _(namez){

combineImages(deferredl.await(), deferred2.await())




Cancels scope

suspend fun loadAndCombine(namel: String, name2: String): Image =

coroutineScope { this: CoroutineScope
Cancels ‘ val deferredl = async { loadImage(namel) }

val deferred2 = async { loadImage(name2) }
combineImages(deferredl.await(), deferred2.await())

}



Cancels children

Cancels

suspend fun loadAndCombine(namel: String, name2: String): Image

coroutineScope { this: CoroutineScope
Lval deferredl = async { loadImage(namel) }

val deferred2 = async { loadImage(name2) }
combineImages(deferredl.await(), deferred2.await())



Kotlin suspending functions
may use concurrency internally,
but don’t leak it

Concurrency needs to be structured
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Beyond asynchronous code

Kotlin’s approach to generate/yield — synchronous coroutines



Fibonacci sequence

val fibonacci: Sequence<Int> = ..



Fibonacci sequence

val fibonacci sequence {

var cur =1
var next =1
while (true) {
yield(cur)
val tmp = cur + next
cur = next

next = tmp



Fibonacci sequence

println(fibonacci.take(10).toList())



Fibonacci sequence

> [1, 1, 2, 3, 5, 8, 13, 21, 34, 55]



Fibonacci sequence A coroutine builder with

/ restricted suspension

sequence {



Fibonacci sequence

A suspending function in

_—— |the scope of buildSequence

yield(cur)




Fibonacci sequence

val fibonacci sequence {

var cur =1
var next =1
while (true) {

yield(cur)
val tmp = é;;\l\ﬁext\\\\\\\
cur = next

next = tmp Synchronous

}
println(fibonacci.take(10).toList())



Fibonacci sequence

> val iter = fibonacci.iterator()



Fibonacci sequence

val iter = fibonacci.iterator()
> println(iter.next())



Fibonacci sequence

val fibonacci sequence {

—> var cur = 1
var next =1
while (true) {

yield(cur)
val tmp = cur + next
cur = next

next = tmp



Fibonacci sequence

val fibonacci sequence {

var cur =1

—> var next = 1

while (true) {
yield(cur)
val tmp = cur + next

cur = next
next = tmp



Fibonacci sequence

val fibonacci sequence {

var cur =1
var next =1
while (true) {

—> yield(cur)
val tmp = cur + next
cur = next
next = tmp
I3



Fibonacci sequence

val iter = fibonacci.iterator()
> println(iter.next()) // 1



Fibonacci sequence

val iter = fibonacci.iterator()
println(iter.next()) // 1
> println(iter.next())



Fibonacci sequence

val fibonacci sequence {

var cur =1
var next =1
while (true) {
yield(cur)
Eij> val tmp = cur + next
cur = next

next = tmp



Fibonacci sequence

val fibonacci sequence {

var cur =1
var next =1
while (true) {
yield(cur)
val tmp = cur + next

[:j> cur = next
next = tmp



Fibonacci sequence

val fibonacci sequence {

var cur =1
var next =1
while (true) {
yield(cur)
val tmp = cur + next
cur = next

—> next = tmp



Fibonacci sequence

val fibonacci sequence {

var cur =1
var next =1
while (true) {

Eij> yield(cur)

val tmp = cur + next
cur = next
next = tmp



Fibonacci sequence

val iter = fibonacci.iterator()
println(iter.next()) // 1
> println(iter.next()) // 1



Fibonacci sequence

val iter = fibonacci.iterator()
println(iter.next()) // 1

> println(iter.next()) // 1

etc ad infinum




Sharing state?




Shared Mutable State

Operatlons

Operations ) ﬁ

Operatlons




Shared Mutable State

Operatlons

Needs

synchronization
Operations mmp

Operatlons



Shared Mutable State

,@stefa nobaghino



Communicating
Seguential
Processes



Concurrent Fibonacci sequence

val fibonacci GlobalScope.produce {

var cur =1
var next =1
while (true) {

\ Asynchronous

(can be in different thread)

—> send(cur)

val tmp = cur + next
cur = next
next = tmp



Concurrent Fibonacci sequence

\ Asynchronous

Another coroutine

(can be in different thread)

fun main(args: Array<String>) = runBlocking {
println(fibonacci.receive())

}



Concurrent Fibonacci sequence

\ Asynchronous

Another coroutine

(can be in different thread)

fun main(args: Array<String>) = runBlocking {
println(fibonacci.receive())

} \

Receives from channel




Concurrent Fibonacci sequence

fun main(args: Array<String>) = runBlocking {
—> println(fibonacci.receive()) // 1

}



Concurrent Fibonacci sequence

—

fun main(args: Array<String>)

}

println(fibonacci.receive
println(fibonacci.receive

= ru
)) //
)) //

nBlocklng {

etc ad infinum




Library vs Language

Keeping the core language small



Classic async

async/await

: d
generate/yield }IQWMNS



Kotlin coroutines

suspend } Modifier



Kotlin coroutines

Standard

library




Kotlin coroutines

kotlinx-coroutines

Standard
library launch, async, runBlocking,
Job, Deferred, etc

http://github.com/kotlin/kotlinx.coroutines



http://github.com/kotlin/kotlinx.coroutines

e

C

@ https://kotlinlang.org

¥ Kotlin

° KotlinConf 2018 watch Opening Keynote

LEARN COMMUNITY

Don’t block
Keep moving

COROUTINES

Kotlin 1.3 Released

TRY ONLINE

X
O v e Q

Learn More —



Thank you

Any questions?

Roman Elizarov a

elizarov @ D
Y relizarov
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