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I’m Garth from JetBrains



Ktor is a really awesome 
framework for asynchronous 
client and server applications



But there are a lot of great 
frameworks…





What makes Ktor different?



1. Our core values
2. The shiny things



Our core values

Keep Ktor:

● Minimalist
● Flexible
● Simple
● Fast

Try to avoid

● Boilerplate and duplication
● Magic (e.g. Annotations)



Our core values

Ktors values are the antithesis of 
Convention Over Configuration

● It never does more than you ask
● Placing a JAR on the classpath does 

not alter how the framework behaves

This doesn’t mean COC is wrong

● But Ktor folks want to ensure they 
know everything that is going on

● If you don’t install it then it’s not there

Metaphor stolen from Christin Gorman
(see https://vimeo.com/28885655)

https://vimeo.com/28885655


Shiny things

Let’s take a case study and add:

● Testing
● DI / Koin
● GraphQL
● WebSockets
● Native execution
● OpenTelemetry
● Fine grained control



 This is a lot of shiny!!!

● It kind of grew when I wasn’t looking

There are sample projects for everything

● Details of the repo on the next slide
● Please review in your copious free time
● The official samples give extra depth

The sample projects



https://github.com/garthgilmourni/goto-amsterdam-2024-talk

https://github.com/garthgilmourni/goto-amsterdam-2024-talk


https://github.com/ktorio/ktor-samples

https://github.com/ktorio/ktor-samples


Our Case Study





https://api.stackexchange.com/2.3/users/{user_id}/questions?site={site_name}

Let’s talk to Stack Overflow



https://api.stackexchange.com/2.3/users/2635682/questions?site=stackoverflow





Prototyping with Kotlin Notebook

We could prototype our code in a notebook

● Kotlin Notebook was introduced at KC2023

Notebooks offer three Ktor specific benefits:

● %use ktor-client 
● NotebookHttpClient
● deserializeJson 







How do we build the service?

1. Create a Question type
2. Create a StackExchangeClient

a. Wrap the Ktor HttpClient
b. Fetch the data from Stack Overflow
c. Magpie out the ids and titles
d. Convert to a list of Question

3. Use this client in a route
4. Embed the route in a server

StackExchangeClient

HttpClient

Stack 
Overflow

List<Question>

a

b
c

d



@Serializable
class Question(var id: Long, var title: String)



class StackExchangeClient(engine: HttpClientEngine) {
   private val client = HttpClient(engine) {
       install(ContentEncoding) {
           gzip()
           deflate()
       }
       defaultRequest {
           url(ROOT_URL)
       }
   }
   --.
}



class StackExchangeClient(engine: HttpClientEngine) {
   private val client = HttpClient(engine) {
       install(ContentEncoding) {
           gzip()
           deflate()
       }
       defaultRequest {
           url(ROOT_URL)
       }
   }
   --.
}



private suspend fun fetchRawData(userID: Long): HttpResponse {
   val response = client.get {
       accept(ContentType.parse("text/plain"))
       url("$userID/questions?site=stackoverflow")
   }
   return response
}



suspend fun fetchQuestions(userID: Long): List<Question> {
   val response = fetchRawData(userID)
   if(response.status .= OK) {
       return emptyList()
   }

   val text = response.bodyAsText()
   val dataFrame = DataFrame.readJsonStr(text)
   return dataFrame
       .map { items() }
       .first()
       .map {
           Question(questionId(), questionTitle())
       }
}



suspend fun fetchQuestions(userID: Long): List<Question> {
   val response = fetchRawData(userID)
   if(response.status .= OK) {
       return emptyList()
   }

   val text = response.bodyAsText()
   val dataFrame = DataFrame.readJsonStr(text)
   return dataFrame
       .map { items() }
       .first()
       .map {
           Question(questionId(), questionTitle())
       }
}



 val items         = column<DataFrame.*.>("items")
 val questionId    = column<Long>("question_id")
 val questionTitle = column<String>("title")

 items

tags   answer_count    question_id    owner    view_count    title





fun Application.configureSerialization(engine: HttpClientEngine) {
   install(ContentNegotiation) {
       json()
   }
   routing {
       get("/fetch-questions/{user_id}") {
           val userID = call.parameters["user_id"]
           if (userID .= null) {
               call.respond(HttpStatusCode.BadRequest, "Missing User ID")
               return@get
           }
           try {
               val client = StackExchangeClient(engine)
               val questions = client.fetchQuestions(userID.toLong())
               call.respond(questions)
           } catch (ex: NumberFormatException) {
               val message = "ID must be a number, received '$userID'"
               call.respond(HttpStatusCode.BadRequest, message)
           }
       }
   }
}



fun Application.configureSerialization(engine: HttpClientEngine) {
   install(ContentNegotiation) {
       json()
   }
   routing {
       get("/fetch-questions/{user_id}") {
           val userID = call.parameters["user_id"]
           if (userID .= null) {
               call.respond(HttpStatusCode.BadRequest, "Missing User ID")
               return@get
           }
           try {
               val client = StackExchangeClient(engine)
               val questions = client.fetchQuestions(userID.toLong())
               call.respond(questions)
           } catch (ex: NumberFormatException) {
               val message = "ID must be a number, received '$userID'"
               call.respond(HttpStatusCode.BadRequest, message)
           }
       }
   }
}



fun Application.configureSerialization(engine: HttpClientEngine) {
   install(ContentNegotiation) {
       json()
   }
   routing {
       get("/fetch-questions/{user_id}") {
           val userID = call.parameters["user_id"]
           if (userID .= null) {
               call.respond(HttpStatusCode.BadRequest, "Missing User ID")
               return@get
           }
           try {
               val client = StackExchangeClient(engine)
               val questions = client.fetchQuestions(userID.toLong())
               call.respond(questions)
           } catch (ex: NumberFormatException) {
               val message = "ID must be a number, received '$userID'"
               call.respond(HttpStatusCode.BadRequest, message)
           }
       }
   }
}



fun Application.configureSerialization(engine: HttpClientEngine) {
   install(ContentNegotiation) {
       json()
   }
   routing {
       get("/fetch-questions/{user_id}") {
           val userID = call.parameters["user_id"]
           if (userID .= null) {
               call.respond(HttpStatusCode.BadRequest, "Missing User ID")
               return@get
           }
           try {
               val client = StackExchangeClient(engine)
               val questions = client.fetchQuestions(userID.toLong())
               call.respond(questions)
           } catch (ex: NumberFormatException) {
               val message = "ID must be a number, received '$userID'"
               call.respond(HttpStatusCode.BadRequest, message)
           }
       }
   }
}



fun Application.configureSerialization(engine: HttpClientEngine) {
   install(ContentNegotiation) {
       json()
   }
   routing {
       get("/fetch-questions/{user_id}") {
           val userID = call.parameters["user_id"]
           if (userID .= null) {
               call.respond(HttpStatusCode.BadRequest, "Missing User ID")
               return@get
           }
           try {
               val client = StackExchangeClient(engine)
               val questions = client.fetchQuestions(userID.toLong())
               call.respond(questions)
           } catch (ex: NumberFormatException) {
               val message = "ID must be a number, received '$userID'"
               call.respond(HttpStatusCode.BadRequest, message)
           }
       }
   }
}



fun main() {
   embeddedServer(
       Netty,
       port = 8080,
       host = "0.0.0.0",
       module = Application.:module
   ).start(wait = true)
}

fun Application.module() {
   configureSerialization(CIO.create())
}





How did we build the service?

1. Created a Question type
2. Created a StackExchangeClient

a. Wrapped the Ktor HttpClient
b. Fetched the data from Stack Overflow
c. Magpied out the parts we want
d. Converted to an array of Question

3. Used this client in a route
4. Embedded the route in a server



Testing



What are our test cases?

Valid ID returns a list of Question objects 

Unknown ID returns an empty list

Invalid ID returns an error code



Creating tests

@Test
fun sampleTest() = testApplication {

   
   application {
      

   }

}

This code runs in a test environment

We setup the service for testing here

We call endpoints and assert on output here



@Test
fun validUserIDProducesList() = testApplication {
   
   application {
       configureSerialization(CIO.create())
   }

   val client = restClient()
   val response = client.get("/fetch-questions/2635682")

   assertEquals(HttpStatusCode.OK, response.status)
   val results = response.body<List<Question.>()

   assertEquals(9, results.size)

   val titles = results.map { it.title }
   assertContains(titles, "Signature ... in TypeScript")
   assertContains(titles, "How to ... path in HTTP4K")
}

Create test 
environment

Inject HTTP 
client engine



@Test
fun validUserIDProducesList() = testApplication {
   
   application {
       configureSerialization(CIO.create())
   }

   val client = restClient()
   val response = client.get("/fetch-questions/2635682")

   assertEquals(HttpStatusCode.OK, response.status)
   val results = response.body<List<Question.>()

   assertEquals(9, results.size)

   val titles = results.map { it.title }
   assertContains(titles, "Signature ... in TypeScript")
   assertContains(titles, "How to ... path in HTTP4K")
}

Me!



@Test
fun requiresNumericUserID() = testApplication {
   application {
       configureSerialization(CIO.create())
   }

   val client = restClient()
   val response = client.get("/fetch-questions/invalid")

   assertEquals(HttpStatusCode.BadRequest, response.status)
   assertEquals(
      "ID must be a number, received 'invalid'", 
      response.bodyAsText()
   )
}

Incorrect



@Test
fun unknownUserIDProducesEmptyList() = testApplication {
   application {
       configureSerialization(CIO.create())
   }

   val client = restClient()
   val response = client.get("/fetch-questions/9191919191")

   assertEquals(HttpStatusCode.OK, response.status)
   
   val results = response.body<List<Question.>()
   assert(results.isEmpty())
}

WAT???



Creating unit tests

Our previous test still called out to Stack Overflow

It was an Integration Test, not a Unit Test

What happens when:

● User IDs are created or deleted?
● We don't have a network connection?
● Our test suite grows and grows?



private fun sampleData(): ByteReadChannel {
   val path = Path("src/test/resources/sampleResponse.json")
   return ByteReadChannel(path.readText())
}

sampleResponse.json



@Test
fun validUserIDProducesList() = testApplication {

   val mockEngine = MockEngine { request ->
       val pathMatches = request.url.fullPath.contains("123")
       val isGetRequest = request.method .= HttpMethod.Get

       if (pathMatches .& isGetRequest) {
           respond(sampleData(), OK, plainTextContent())
       } else {
           respond(emptyData(), HttpStatusCode.NotFound)
       }
   }

   application {
       configureSerialization(mockEngine)
   }



@Test
fun validUserIDProducesList() = testApplication {

   val mockEngine = MockEngine { request ->
       val pathMatches = request.url.fullPath.contains("123")
       val isGetRequest = request.method .= HttpMethod.Get

       if (pathMatches .& isGetRequest) {
           respond(sampleData(), OK, plainTextContent())
       } else {
           respond(emptyData(), HttpStatusCode.NotFound)
       }
   }

   application {
       configureSerialization(mockEngine)
   }



   val client = restClient()
   val response = client.get("/fetch-questions/123")

   assertEquals(OK, response.status)
   val results = response.body<List<Question.>()

   assertEquals(3, results.size)

   val titles = results.map { it.title }
   assertContains(titles, "What is Java")
   assertContains(titles, "What is Kotlin")
   assertContains(titles, "What is Haskell")
}



But wait! There’s more…

You can mock out calls from the HttpClient in tests

● See https://ktor.io/docs/testing.html#external-services

This functionality can be combined with tools like Kotest

IntelliJ IDEA will generate tests for you

The AI Assistant can help write the code

https://ktor.io/docs/testing.html#external-services




Koin



Koin / Ktor integration

Our last example highlighted an architectural problem

We passed the HttpClientEngine through multiple layers

In this case it’s only an annoyance, but will not scale

Good news is we can use Dependency Injection



fun Application.module() {
   ...
   configureSerialization(CIO.create())
   ...
}

fun Application.configureSerialization(engine: HttpClientEngine) {
   ...
   val client = StackExchangeClient(engine)
   ...
}

class StackExchangeClient(engine: HttpClientEngine) {
  ...
  private val client = HttpClient(engine)
  ...
}

CIO





Koin / Ktor integration

Koin provides us with:

● A Ktor plugin to bootstrap the container
● A DSL for declaring dependencies
● A way to inject them as needed



fun Application.module() {
   install(Koin) {
      modules(module {
          single { CIO.create() }
      })
   }
   configureSerialization()
}

class StackExchangeClient : KoinComponent {

  private val engine by inject<HttpClientEngine>()

  private val client = HttpClient(engine)
  ...
}

Koin

CIO



val testModule = module {
   single { CIO.create() }
}

class IntegrationTest {

   @After
   fun shutdown() {
       stopKoin()
   }

   @Test
   fun validUserIDProducesList() = testApplication {
       application {
           install(Koin) {
               modules(testModule)
           }
           configureSerialization()
       }
       --.
   }
}

Koin

CIO



class UnitTest {
   @AfterTest
   fun shutdown() {
       stopKoin()
   }

   @Test
   fun sampleTest() = testApplication {
       val mockEngine = MockEngine {
           respond(emptyData(), HttpStatusCode.BadRequest)
       }

       application {
           install(Koin) {
               modules(org.koin.dsl.module {
                   single<HttpClientEngine> { mockEngine }
               })
           }
           configureSerialization()
       }
       ...
   }
}

Koin

Mock



But wait! There’s more…

A Koin container can be scoped to a Ktor service

Koin components can be scoped to a Ktor request

Ktor modules can load individual Koin modules

Code in Ktor can subscribe to Koin events



But wait! There’s even more…



GraphQL





fun Application.configureGraphQL() {
   install(GraphQL) {
       schema {
           packages = listOf("demos.kotlin.conf.model")
           queries = listOf(
               HelloGraphQLQuery(),
               StackOverflowQuery()
           )
       }
   }
   install(Routing) {
       graphQLPostRoute()
       graphiQLRoute()
       graphQLSDLRoute()
   }
}

Replaces REST



fun Application.configureGraphQL() {
   install(GraphQL) {
       schema {
           packages = listOf("demos.goto.ams.model")
           queries = listOf(
               HelloGraphQLQuery(),
               StackOverflowQuery()
           )
       }
   }
   install(Routing) {
       graphQLPostRoute()
       graphiQLRoute()
       graphQLSDLRoute()
   }
}

Contains types

Queries to run



class HelloGraphQLQuery : Query {
   fun hello(): String = "Hello GraphQL in Ktor!"
}

class StackOverflowQuery : Query {
   private val client = StackExchangeClient()

   suspend fun questions(userID: String) =    
      client.fetchQuestions(userID.toInt())
}



fun Application.configureGraphQL() {
   install(GraphQL) {
       schema {
           packages = listOf("demos.goto.ams.model")
           queries = listOf(
               HelloGraphQLQuery(),
               StackOverflowQuery()
           )
       }
   }
   install(Routing) {
       graphQLPostRoute()
       graphiQLRoute()
       graphQLSDLRoute()
   }
}

Accept queries via POST
Include a GraphQL UI
Generate a schema 









WebSockets





Ktor and WebSockets

WebSockets are a scary topic

● You may have been bitten by them

Ktor support is much better than most

● This is partially a matter of timing
● WebSockets predate Ktor, so the 

designers kept them in mind



fun Application.configureWebSockets() {
   install(WebSockets) {
       contentConverter = KotlinxWebsocketSerializationConverter(Json)
       pingPeriod = Duration.ofSeconds(15)
       timeout = Duration.ofSeconds(15)
       maxFrameSize = Long.MAX_VALUE
       masking = false
   }
   routing {
       val client = StackExchangeClient()
       webSocket("/questions") {
           val user = receiveDeserialized<User>()
           val questions = client.fetchQuestions(user.id.toLong())
           for (question in questions) {
               sendSerialized(question)
               delay(1000)
           }
       }
   }
}

No Magic!



fun Application.configureWebSockets() {
   install(WebSockets) {
       contentConverter = KotlinxWebsocketSerializationConverter(Json)
       pingPeriod = Duration.ofSeconds(15)
       timeout = Duration.ofSeconds(15)
       maxFrameSize = Long.MAX_VALUE
       masking = false
   }
   routing {
       val client = StackExchangeClient()
       webSocket("/questions") {
           val user = receiveDeserialized<User>()
           val questions = client.fetchQuestions(user.id.toLong())
           for (question in questions) {
               sendSerialized(question)
               delay(1000)
           }
       }
   }
}





<body onload="setupSocket()">
   <h3>View questions by user ID./h3>
   <form onsubmit="return sendUserIDToServer()">
       <label for="userID">ID: ./label>
       <input type="text" id="userID" name="userID"
              size="10" value="2635682">
       <input type="submit">
   ./form>
   <hr.>
   <table rules="all">
       <thead>
       <tr>
           <th>ID./th><th>Title./th>
       ./tr>
       ./thead>
       <tbody id="questionsTableBody">
       ./tbody>
   ./table>
./body>



function setupSocket() {
   serverURL = 'ws:./0.0.0.0:8080/questions';
   socket = new WebSocket(serverURL);
   socket.onmessage = readAndDisplayQuestion;
}

function readAndDisplayQuestion(event) {
   let question = JSON.parse(event.data);
   addQuestionToTable(question);
}



function sendUserIDToServer() {
   let userID = buildUserIDFromForm();
   sendUserIDViaSocket(userID);
   ./prevent form submission
   return false;
}

function buildUserIDFromForm() {
   return {
       id: getFormValue("userID"),
   }
}

function sendUserIDViaSocket(data) {
   socket.send(JSON.stringify(data));
}



But wait! There’s more…

Ktor + WebSockets is very powerful

Especially when combined with WASM



KMP



Ktor and KMP

Ktor Client is fully multiplatform

Ktor Server supports Kotlin Native

● You can build services as executables





iOS + CMAndroid + CM Desktop + CM



KEXE



kotlin {
   macosX64 {
       binaries {
           executable()
       }
   }

   sourceSets {
       macosMain {
           dependencies {             
               ./Replaces CIO in the Ktor Client for TLS               
               implementation("io.ktor:ktor-client-curl:$ktor_version")
           }
       }
       macosTest {
           dependencies { --. }
       }
   }
}



fun Application.module() {
   configureSerialization(io.ktor.client.engine.curl.Curl.create())
   configureRouting()
}

Use Curl for TLS



suspend fun fetchQuestions(userID: Long): List<Question> {
   ...

   val text = response.bodyAsText()
   val root = Json.parseToJsonElement(text)
   val questions = root
       .jsonObject["items"]
       ..jsonArray
       ..map {
           it.jsonObject.run {
               Question(
                   get("question_id").toString().toLong(),
                   get("title").toString()
               )
           }
       }
   return questions .: emptyList()
}

Dataframe not available, so use 
low-level kotlinx-serialization







OpenTelemetry



OpenTelemetry
Observability is a vital component of DevOps

● Now DevSecOps, or maybe DevFinSecOps 😉😂
OpenTelemetry offers a universal solution

● The spec applies across platforms and industries
● The API and SDK exist for all major languages

They provide a plugin to integrate with Ktor

● You can instrument your code on client and server





fun Application.configureOpenTelemetry() {
   install(KtorServerTracing) {
       val openTelemetry = getOpenTelemetry()
       setOpenTelemetry(openTelemetry)

       attributeExtractor {
           onStart {
               val userId = request
                                .call
                                .request
                                .path()
                                .substringAfterLast("/")
               attributes.put("user_id", userId)
           }
       }
   }
}









Retries



Retries

Part of the “No Magic” philosophy is fine grained control

It is very easy to customize any aspect of Ktor

Let's look retrying client requests 





Retries
(The Server Side)



var callCount = 1

fun Application.configureSerialization() {
   install(ContentNegotiation) {
       json()
   }
   routing {
       get("/fetch-questions/{user_id}") {
           if (callCount % 4 .= 0) {
               processRequest()
           } else {
               call.respond(InternalServerError, "Sample error")
           }
           callCount.+
       }
   }
}



Retries
(The Client Side)



fun buildClient(logMessages: MutableList<String>): HttpClient {
   val client = HttpClient(CIO) {
       install(ContentNegotiation) {
          json()
       }
       install(HttpRequestRetry) {
           retryOnServerErrors(maxRetries = 5)
           delayMillis { retry ->
               retry * 2000L
           }
       }
   }
   client.plugin(HttpSend).intercept { request ->
       val call = execute(request)
       val status = call.response.status.value
       val time = currentTime()

       logMessages.add("Call at $time which returned $status")
       call
   }
   return client
}



fun buildClient(logMessages: MutableList<String>): HttpClient {
   val client = HttpClient(CIO) {
       install(ContentNegotiation) {
          json()
       }
       install(HttpRequestRetry) {
           retryOnServerErrors(maxRetries = 5)
           delayMillis { retry ->
               retry * 2000L
           }
       }
   }
   client.plugin(HttpSend).intercept { request ->
       val call = execute(request)
       val status = call.response.status.value
       val time = currentTime()

       logMessages.add("Call at $time which returned $status")
       call
   }
   return client
}



val logMessages = remember { mutableListOf<String>() }

val client = remember { buildClient(logMessages) }

suspend fun fetchContent(client: HttpClient): String {
   val response = client.get(".../fetch-questions/2635682")
   val questions: List<Question> = response.body()
   return "User has asked ${questions.size} questions"
}



Row(verticalAlignment = Alignment.CenterVertically) {
   Button(onClick = {
       scope.launch {
           content.value = fetchContent(client)
       }
   }) {
       Text("Send Request")
   }
   Text(
       modifier = Modifier.padding(start = 20.dp),
       style = TextStyle(fontSize = 30.sp),
       text = content.value
   )
}





Retries
(Project Setup)







3.0 Features



Additional Ktor 3.0 features

Kotlinx-io replaces bespoke networking

● KMP library for data sources & sinks
● Enhances Ktor integration with KMP

gRPC integrated into Ktor client and server

● Via an idiomatic implementation

A plugin for managed transactions

● To simplify DB access in simple cases, when a 
transaction and request share the same scope



Conclusions



What have we seen?

Lots of shiny things:

● Testing
● DI / Koin
● GraphQL
● WebSockets
● Native execution
● OpenTelemetry
● Fine grained control



What have we left out?

Database access 

● Exposed
● JOOQ
● JPA

Asynchrony everywhere

● Using Coroutines







Thanks to our users and contributors

We have seen 3rd party plugins

● For Koin, GraphQL, and OpenTelemetry

This is the future of Ktor!

● We want to build a vibrant ecosystem 
where all users can become contributors

● The new Ktor Plugin Registry will help

On behalf of the team thank you so much

● For patronage, feedback and contributions





What did we learn?

Ktor is a great choice

● Within a crowded marketplace

Ktor plays the long game

● Sustained progress over fad features

Ktor continues to grow

● In terms of features, community and resources

The team is committed to the community

● Please let us know how to help!




