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最新 Kotlin 版本： 2.1.21



Kotlin 是一门现代但已成熟的编程语言，旨在让开发人员更幸福快乐。
它简洁、安全、可与 Java 及其他语言互操作，并提供了多种方式在多个平台间复用代码，以实现高效编程。

首先，何不参加 Kotlin 之旅1呢？ 该教程涵盖了 Kotlin 编程语言的基础知识并且可以完全在浏览器中完成。

[image: 开始 Kotlin 之旅]

安装 Kotlin

Kotlin 已包含在每个 IntelliJ IDEA 与 Android Studio 版本中了。



可下载并安装这两个 IDE 之一来开始使用 Kotlin。

选择你的 Kotlin 使用场景




【控制台】



在这里可学到如何使用 Kotlin 开发控制台应用程序并创建单元测试。


	使用 IntelliJ IDEA 项目向导创建一个基本的 JVM 应用程序.



	编写第一个单元测试.








【后端】



在这里可学到如何使用 Kotlin 服务端开发后端应用程序。


	创建第一个后端应用程序：


	创建使用 Spring Boot 的 RESTful Web 服务

	创建使用 Ktor 的 HTTP API





	了解如何在应用程序中混合使用 Kotlin 与 Java 代码.








【跨平台】



在此可以了解到如何使用 Kotlin 多平台开发跨平台应用程序。


	搭建用于跨平台开发的环境.



	创建第一个用于 iOS 与 Android 应用程序：


	从头开始创建跨平台应用程序，并：
	共享业务逻辑，同时保持 UI 原生

	共享业务逻辑与 UI





	让现有的 Android 应用程序能在 iOS 上运行

	创建使用 Ktor 与 SQLdelight 的跨平台应用程序





	探索样例项目.








【Android】




	如需开始使用 Kotlin 用于 Android 开发，请阅读 谷歌对 Android 上 Kotlin 入门的建议。






【数据分析】



无论是构建数据流水线，还是将机器学习模型投入生产，Kotlin 都是处理数据并充分发挥其价值的绝佳选择。


	在 IDE 中无缝创建并编辑 notebook：


	Kotlin Notebook 入门





	探索并试验数据：


	DataFrame – 用于数据分析与处理的库。

	Kandy – 用于数据可视化的绘图工具。





	在 Twitter 上关注 Kotlin 用于数据分析： KotlinForData.







加入 Kotlin 社区

持续关注 Kotlin 生态系统的最新动态并分享你的经验。


	加入我们：
	

 Slack：获取邀请.

	


 StackOverflow：订阅“kotlin”标签。





	在 

 Youtube、 [image: Twitter] Twitter、  Bluesky 与 

 Reddit 上关注 Kotlin。

	订阅 Kotlin 资讯。



如果遇到任何困难或问题，请在我们的问题跟踪器中报告问题。

还缺少什么？

如果本页有任何遗漏或令人困惑之处，请提交反馈。




1. 译注：此处双关，“tour of Kotlin”字面意为“科特林岛之旅”，此处意为“Kotlin（入门）教程”。 ↩



        

    



        
    



        

    
        Kotlin Wasm

        
            Kotlin/Wasm


Kotlin/Wasm 处于 Alpha 阶段。
可能会随时更改。可以在生产环境之前使用。欢迎在 YouTrack 上提供反馈。

加入 Kotlin/Wasm 社区。
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Kotlin/Wasm has the power to compile your Kotlin code into WebAssembly (Wasm) format. 
With Kotlin/Wasm, you can create applications that run on
different environments and devices, which support Wasm and meet Kotlin's requirements.

Wasm is a binary instruction format for a stack-based virtual machine. This
format is platform-independent because it runs on its own virtual machine. Wasm provides Kotlin and other languages with
a compilation target. 

You can use Kotlin/Wasm in different target environments, such as browsers, for developing 
web applications built with Compose Multiplatform, or outside the 
browser in standalone Wasm virtual machines. In the outside-of-browser case,
WebAssembly System Interface (WASI) provides access to platform APIs, which you can also utilize.

Kotlin/Wasm 与 Compose 多平台

With Kotlin, you have the power to build applications and reuse mobile and desktop user interfaces (UIs) in your web projects through
Compose Multiplatform and Kotlin/Wasm.

Compose Multiplatform is a declarative framework based on Kotlin
and Jetpack Compose that allows you to implement the UI
once and share it across all the platforms you target. 

For web platforms, Compose Multiplatform uses 
Kotlin/Wasm as its compilation target. Applications built with Kotlin/Wasm and Compose Multiplatform use a 
wasm-js target and run in browsers.

Explore our online demo of an application built with Compose Multiplatform and Kotlin/Wasm

[image: Kotlin/Wasm demo]


To run applications built with Kotlin/Wasm in a browser, you need a browser version that supports the new garbage collection
and legacy exception handling proposals. To check the browser support status, see the WebAssembly
roadmap.

[image: ]



Additionally, you can use the most popular Kotlin libraries in Kotlin/Wasm out of the box. Like in other Kotlin and Multiplatform
projects, you can include dependency declarations in the build script. For more information,
see Adding dependencies on multiplatform libraries.

Would you like to try it yourself?







Kotlin/Wasm 与 WASI

Kotlin/Wasm uses the WebAssembly System Interface (WASI) for server-side applications.
Applications built with Kotlin/Wasm and WASI use a Wasm-WASI target, allowing you to call the WASI API and run applications 
outside the browser environment.

Kotlin/Wasm leverages WASI to abstract away platform-specific details, allowing the same Kotlin code to run across diverse 
platforms. This expands the reach of Kotlin/Wasm beyond web applications without requiring custom handling for each runtime.

WASI provides a secure standard interface for running Kotlin applications compiled to WebAssembly across different environments.


To see Kotlin/Wasm and WASI in action, check the Get started with Kotlin/Wasm and WASI tutorial.
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Kotlin/Wasm 性能

Although Kotlin/Wasm is still in Alpha, Compose Multiplatform running on Kotlin/Wasm already shows encouraging performance 
traits. You can see that its execution speed outperforms JavaScript and is approaching that of the JVM:

[image: Kotlin/Wasm performance]

We regularly run benchmarks on Kotlin/Wasm, and these results come from our testing in a recent version of Google Chrome.

浏览器 API 支持

The Kotlin/Wasm standard library provides declarations for browser APIs, including the DOM API.
With these declarations, you can directly use the Kotlin API to access and utilize various browser functionalities. 
For example, in your Kotlin/Wasm applications, you can use manipulation with DOM elements or fetch the API 
without defining these declarations from scratch. To learn more, see our Kotlin/Wasm browser example.

The declarations for browser API support are defined using JavaScript interoperability capabilities. 
You can use the same capabilities to define your own declarations. In addition, Kotlin/Wasm–JavaScript interoperability 
allows you to use Kotlin code from JavaScript. For more information, see Use Kotlin code in JavaScript.

敬请反馈

Kotlin/Wasm 反馈


	

 Slack: Get a Slack invite and provide your feedback directly to developers in our #webassembly channel.

	Report any issues in YouTrack.



Compose 多平台反馈


	

 Slack: provide your feedback in the #compose-web public channel.

	Report any issues in GitHub.



了解更多


	Learn more about Kotlin/Wasm in this YouTube playlist.

	Explore the Kotlin/Wasm examples in our GitHub repository.




        

    



        
    



        

    
        Kotlin 原生

        
            Kotlin/Native

Kotlin/Native 是一种将 Kotlin 代码编译为无需虚拟机就可运行的原生二进制文件的技术。
Kotlin/Native 包含一个基于 LLVM 的 Kotlin 编译器后端以及Kotlin 标准库的原生实现。

为什么选用 Kotlin/Native？

Kotlin/Native 的主要设计目标是让 Kotlin 可以为不希望或者不可能使用虚拟机的平台（例如嵌入式设备或者 iOS）编译。它非常适合当你需要生成无需额外运行时或虚拟机的自包含程序的情况。

It's easy to include compiled Kotlin code in existing projects written in C, C++, Swift, Objective-C, and other languages.
You can also use existing native code, static or dynamic C libraries, Swift/Objective-C frameworks, graphical engines,
and anything else directly from Kotlin/Native.






目标平台

Kotlin/Native 支持以下平台：


	Linux

	Windows（通过 MinGW）

	Android NDK

	Apple 目标平台，面向 macOS、 iOS、 tvOS 与 watchOS


如需编译苹果目标，需要安装 Xcode
及其命令行工具。
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参见所支持目标的完整列表。

互操作

Kotlin/Native 支持与不同操作系统的原生编程语言的双向互操作。
The compiler can create executables for many platforms, static or dynamic C libraries, and Swift/Objective-C frameworks.

与 C 语言互操作

Kotlin/Native provides interoperability with C. You can use existing C libraries directly from
Kotlin code.

To learn more, complete the following tutorials:


	Create a dynamic library with C headers for C/C++ projects

	Learn how C types are mapped into Kotlin

	Create a native HTTP client using C interop and libcurl



与 Swift/Objective-C 互操作

Kotlin/Native provides interoperability with Swift through Objective-C. You can use
Kotlin code directly from Swift/Objective-C applications on macOS and iOS.

To learn more, complete the Kotlin/Native as an Apple framework tutorial.

在多个平台之间共享代码

Kotlin/Native includes a set of prebuilt platform libraries that help share Kotlin code
between projects. POSIX, gzip, OpenGL, Metal, Foundation, and many other popular libraries and Apple frameworks
are pre-imported and included as Kotlin/Native libraries in the compiler package.

Kotlin/Native is a part of the Kotlin Multiplatform technology that helps share common code
across multiple platforms, including Android, iOS, JVM, web, and native. Multiplatform libraries provide the necessary
APIs for common Kotlin code and allow writing shared parts of projects in Kotlin all in one place.

内存管理器

Kotlin/Native uses an automatic memory manager that is similar to the JVM and Go.
It has its own tracing garbage collector, which is also integrated with Swift/Objective-C's ARC.

The memory consumption is controlled by a custom memory allocator. It optimizes memory usage and helps prevent sudden
surges in memory allocation.


        

    



        
    





Changes to caching in cinterop

In Kotlin 2.1.0, we're making changes to the cinterop caching process. It no longer has the
CacheableTask annotation type.
The new recommended approach is to use the cacheIf
output type to cache the results of the task.

This should resolve issues where UP-TO-DATE
checks failed to detect changes to header files specified in the definition file,
preventing the build system from recompiling the code.

Deprecation of the mimalloc memory allocator

Back in Kotlin 1.9.0, we introduced the new memory allocator, and then we enabled it by default in Kotlin 1.9.20.
The new allocator has been designed to make garbage collection more efficient
and improve the Kotlin/Native memory manager's runtime performance.

The new memory allocator replaced the previous default allocator, mimalloc.
Now, it's time to deprecate mimalloc in the Kotlin/Native compiler.

You can now remove the -Xallocator=mimalloc compiler option from your build scripts.
If you encounter any issues, please report them to our issue tracker.

For more information on the memory allocator and garbage collection in Kotlin,
see Kotlin/Native memory management.

Kotlin/Wasm

Kotlin/Wasm received multiple updates along with support for incremental compilation.

Support for incremental compilation

Previously, when you changed something in your Kotlin code, the Kotlin/Wasm toolchain had to recompile the entire codebase.

Starting from 2.1.0, incremental compilation is supported for Wasm targets.
In development tasks, the compiler now recompiles only files relevant to changes from the last compilation,
which noticeably reduces the compilation time.

This change currently doubles the compilation speed, and there are plans to improve it further in future releases.

In the current setup, incremental compilation for Wasm targets is disabled by default.
To enable incremental compilation, add the following line to your project's local.properties or gradle.properties file:

# gradle.properties
kotlin.incremental.wasm=true

Try out Kotlin/Wasm incremental compilation
and share your feedback.
Your insights will help make this feature Stable and enabled by default sooner.

Browser APIs moved to the kotlinx-browser stand-alone library

Previously, the declarations for web APIs and related target utilities were part of the Kotlin/Wasm standard library.

In this release, the org.w3c.*
declarations have been moved from the Kotlin/Wasm standard library to the new kotlinx-browser library.
This library also includes other web-related packages, such as org.khronos.webgl, kotlin.dom, and kotlinx.browser.

This separation provides modularity, enabling independent updates for web-related APIs outside of Kotlin's release cycle.
Additionally, the Kotlin/Wasm standard library now contains only declarations available in any JavaScript environment.

To use the declarations from the moved packages,
you need to add the kotlinx-browser dependency to your project's build configuration file:

// build.gradle.kts
val wasmJsMain by getting {
    dependencies {
        implementation("org.jetbrains.kotlinx:kotlinx-browser:0.3")
    }
}


Improved debugging experience for Kotlin/Wasm

Previously, when debugging Kotlin/Wasm code in web browsers, you might have encountered
a low-level representation of variable values in the debugging interface.
This often made it challenging to track the current state of the application.

[image: Kotlin/Wasm old debugger]

To improve this experience, custom formatters have been added in the variable view.
The implementation uses the custom formatters API,
which is supported across major browsers like Firefox and Chromium-based ones.

With this change, you can now display and locate variable values in a more user-friendly and comprehensible manner.

[image: Kotlin/Wasm improved debugger]

To try the new debugging experience:


	Add the following compiler option to the wasmJs {} compiler options:

// build.gradle.kts
kotlin {
    wasmJs {
        // ...

        compilerOptions {
            freeCompilerArgs.add("-Xwasm-debugger-custom-formatters")
        }
    }
}




	Enable custom formatters in your browser:


	In Chrome DevTools, it's available via Settings | Preferences | Console:

[image: Enable custom formatters in Chrome]



	In Firefox DevTools, it's available via Settings | Advanced settings:

[image: Enable custom formatters in Firefox]









Reduced size of Kotlin/Wasm binaries

The size of your Wasm binaries produced by production builds will be reduced by up to 30%,
and you may see some performance improvements.
This is because the --closed-world, --type-ssa, and --type-merging
Binaryen options are now considered safe to use for all Kotlin/Wasm projects and are enabled by default.

Improved JavaScript array interoperability in Kotlin/Wasm

While Kotlin/Wasm's standard library provides the JsArray<T> type for JavaScript arrays,
there was no direct method to transform JsArray<T> into Kotlin's native Array or List types.

This gap required creating custom functions for array transformations, complicating interoperability between Kotlin and JavaScript code.

This release introduces an adapter function that automatically converts JsArray<T> to Array<T> and vice versa,
simplifying array operations.

Here's an example of conversion between generic types: Kotlin List<T> and Array<T> to JavaScript JsArray<T>.

val list: List<JsString> =
    listOf("Kotlin", "Wasm").map { it.toJsString() }

// Uses .toJsArray() to convert List or Array to JsArray
val jsArray: JsArray<JsString> = list.toJsArray()

// Uses .toArray() and .toList() to convert it back to Kotlin types 
val kotlinArray: Array<JsString> = jsArray.toArray()
val kotlinList: List<JsString> = jsArray.toList()


Similar methods are available for converting typed arrays to their Kotlin equivalents
(for example, IntArray and Int32Array). For detailed information and implementation,
see the kotlinx-browser repository.

Here's an example of conversion between typed arrays: Kotlin IntArray to JavaScript Int32Array.

import org.khronos.webgl.*

    // ...

    val intArray: IntArray = intArrayOf(1, 2, 3)

    // Uses .toInt32Array() to convert Kotlin IntArray to JavaScript Int32Array
    val jsInt32Array: Int32Array = intArray.toInt32Array()

    // Uses toIntArray() to convert JavaScript Int32Array back to Kotlin IntArray
    val kotlinIntArray: IntArray = jsInt32Array.toIntArray()


Support for accessing JavaScript exception details in Kotlin/Wasm

Previously, when a JavaScript exception occurred in Kotlin/Wasm, 
the JsException type provided only a generic message without details from the original JavaScript error.

Starting from Kotlin 2.1.0, you can configure JsException
to include the original error message and stack trace by enabling a specific compiler option.
This provides more context to help diagnose issues originating from JavaScript.

This behavior depends on the WebAssembly.JSTag API, which is available only in certain browsers:


	Chrome: Supported from version 115

	Firefox: Supported from version 129

	Safari: Not yet supported



To enable this feature, which is disabled by default, 
add the following compiler option to your build.gradle.kts file:

// build.gradle.kts
kotlin {
    wasmJs {
        compilerOptions {
            freeCompilerArgs.add("-Xwasm-attach-js-exception")
        }
    }
}


Here's an example demonstrating the new behavior:

external object JSON {
    fun <T: JsAny> parse(json: String): T
}

fun main() {
    try {
        JSON.parse("an invalid JSON")
    } catch (e: JsException) {
        println("Thrown value is: ${e.thrownValue}")
        // SyntaxError: Unexpected token 'a', "an invalid JSON" is not valid JSON

        println("Message: ${e.message}")
        // Message: Unexpected token 'a', "an invalid JSON" is not valid JSON

        println("Stacktrace:")
        // Stacktrace:

        // Prints the full JavaScript stack trace 
        e.printStackTrace()
    }
}


With the -Xwasm-attach-js-exception option enabled, JsException provides specific details from the JavaScript error.
Without the option, JsException includes only a generic message stating that an exception was thrown while running JavaScript code.

Deprecation of default exports

As part of the migration to named exports,
an error was previously printed to the console when a default import was used for Kotlin/Wasm exports in JavaScript.

In 2.1.0, default imports have been completely removed to fully support named exports.

When coding in JavaScript for the Kotlin/Wasm target, you now need to use the corresponding named imports instead of default imports.

This change marks the last phase of a deprecation cycle to migrate to named exports:

In version 2.0.0: A warning message was printed to the console, explaining that exporting entities via default exports is deprecated.

In version 2.0.20: An error occurred, requesting the use of the corresponding named import.

In version 2.1.0: The use of default imports has been completely removed.

Subproject-specific Node.js settings

You can configure Node.js settings for your project by defining properties of the NodeJsRootPlugin class for rootProject.
In 2.1.0, you can configure these settings for each subproject using a new class, NodeJsPlugin.
Here's an example demonstrating how to set a specific Node.js version for a subproject:

// build.gradle.kts
project.plugins.withType<org.jetbrains.kotlin.gradle.targets.js.nodejs.NodeJsPlugin> {
    project.the<org.jetbrains.kotlin.gradle.targets.js.nodejs.NodeJsEnvSpec>().version = "22.0.0"
}


To use the new class for the entire project, add the same code in the allprojects {} block:

// build.gradle.kts
allprojects {
    project.plugins.withType<org.jetbrains.kotlin.gradle.targets.js.nodejs.NodeJsPlugin> {
        project.the<org.jetbrains.kotlin.gradle.targets.js.nodejs.NodeJsEnvSpec>().version = "your Node.js version"
    }
}


You can also use Gradle convention plugins to apply the settings to a particular set of subprojects.

Kotlin/JS

Support for non-identifier characters in properties

Kotlin/JS previously did not allow using names for test methods with spaces enclosed in backticks.

Similarly, it was not possible to access JavaScript object properties that contained characters not permitted in Kotlin identifiers,
such as hyphens or spaces:

external interface Headers {
    var accept: String?

    // Invalid Kotlin identifier due to hyphen
    var `content-length`: String?
}

val headers: Headers = TODO("value provided by a JS library")
val accept = headers.accept
// Causes error due to the hyphen in property name
val length = headers.`content-length`


This behavior differed from JavaScript and TypeScript, which allow such properties to be accessed using non-identifier characters.

Starting from Kotlin 2.1.0, this feature is enabled by default.
Kotlin/JS now allows you to use the backticks (`) and the@JsName` annotation
to interact with JavaScript properties containing non-identifier characters and to use names for test methods.

Additionally,
you can use the @JsName and @JsQualifier annotations to map Kotlin property names to JavaScript equivalents:

object Bar {
    val `property example`: String = "bar"
}

@JsQualifier("fooNamespace")
external object Foo {
    val `property example`: String
}

@JsExport
object Baz {
    val `property example`: String = "bar"
}

fun main() {
    // In JavaScript, this is compiled into Bar.property_example_HASH
    println(Bar.`property example`)
    // In JavaScript, this is compiled into fooNamespace["property example"]
    println(Foo.`property example`)
    // In JavaScript, this is compiled into Baz["property example"]
    println(Baz.`property example`)
}


Support for generating ES2015 arrow functions

In Kotlin 2.1.0, Kotlin/JS introduces support for generating ES2015 arrow functions,
such as (a, b) => expression, instead of anonymous functions.

Using arrow functions can reduce the bundle size of your project,
especially when using the experimental -Xir-generate-inline-anonymous-functions mode.
This also makes the generated code more aligned with modern JS.

This feature is enabled by default when targeting ES2015.
Alternatively, you can enable it by using the -Xes-arrow-functions command line argument.

Learn more about ES2015 (ECMAScript 2015, ES6) in the official documentation.

Gradle improvements

Kotlin 2.1.0 is fully compatible with Gradle 7.6.3 through 8.6.
Gradle versions 8.7 to 8.10 are also supported, with only one exception.
If you use the Kotlin Multiplatform Gradle plugin,
you may see deprecation warnings in your multiplatform projects calling the withJava() function in the JVM target.
We plan to fix this issue as soon as possible.

For more information,
see the related issue in YouTrack.

You can also use Gradle versions up to the latest Gradle release,
but if you do, keep in mind that you might encounter deprecation warnings or some new Gradle features might not work.

Minimum supported AGP version bumped to 7.3.1

Starting with Kotlin 2.1.0, the minimum supported Android Gradle plugin version is 7.3.1.

Minimum supported Gradle version bumped to 7.6.3

Starting with Kotlin 2.1.0, the minimum supported Gradle version is 7.6.3.

New API for Kotlin Gradle plugin extensions

Kotlin 2.1.0 introduces a new API to make it easier to create your own plugins for configuring the Kotlin Gradle plugin.
This change deprecates the KotlinTopLevelExtension and KotlinTopLevelExtensionConfig
interfaces and introduces the following interfaces for plugin authors:




	Name
	Description





	KotlinBaseExtension
	A plugin DSL extension type for configuring common Kotlin JVM, Android, and Multiplatform plugin options for the entire project:	`org.jetbrains.kotlin.jvm`
	`org.jetbrains.kotlin.android`
	`org.jetbrains.kotlin.multiplatform`





	KotlinJvmExtension
	A plugin DSL extension type for configuring Kotlin JVM plugin options for the entire project.



	KotlinAndroidExtension
	A plugin DSL extension type for configuring Kotlin Android plugin options for the entire project.





For example, if you want to configure compiler options for both JVM and Android projects, use KotlinBaseExtension:

configure<KotlinBaseExtension> {
    if (this is HasConfigurableKotlinCompilerOptions<*>) {
        with(compilerOptions) {
            if (this is KotlinJvmCompilerOptions) {
                jvmTarget.set(JvmTarget.JVM_17)
            }
        }
    }
}


This configures the JVM target to 17 for both JVM and Android projects.

To configure compiler options specifically for JVM projects, use KotlinJvmExtension:

configure<KotlinJvmExtension> {
    compilerOptions {
        jvmTarget.set(JvmTarget.JVM_17)
    }

    target.mavenPublication {
        groupId = "com.example"
        artifactId = "example-project"
        version = "1.0-SNAPSHOT"
    }
}


This example similarly configures the JVM target to 17 for JVM projects.
It also configures a Maven publication for the project so that its output is published to a Maven repository.

You can use the KotlinAndroidExtension in exactly the same way.

Compiler symbols hidden from the Kotlin Gradle plugin API

Previously, KGP included org.jetbrains.kotlin:kotlin-compiler-embeddable in its runtime dependencies,
making internal compiler symbols available in the build script classpath.
These symbols were intended for internal use only.

Starting with Kotlin 2.1.0, KGP bundles a subset of org.jetbrains.kotlin:kotlin-compiler-embeddable class files in its JAR file and progressively removes them.
This change aims to prevent compatibility issues and simplify KGP maintenance.

If other parts of your build logic, such as plugins like kotlinter, depend on a different version of org.jetbrains.kotlin:kotlin-compiler-embeddable
than the one bundled with KGP, it can lead to conflicts and runtime exceptions.

To prevent such issues, KGP now shows a warning if org.jetbrains.kotlin:kotlin-compiler-embeddable is present in the build classpath alongside KGP.

As a long-term solution, if you're a plugin author using org.jetbrains.kotlin:kotlin-compiler-embeddable classes, we recommend running them in an isolated classloader.
For example, you can achieve it using the Gradle Workers API with classloader or process isolation.

Using the Gradle Workers API

This example demonstrates how to safely use the Kotlin compiler in a project producing a Gradle plugin.
First, add a compile-only dependency in your build script.
This makes the symbol available at compile time only:

// build.gradle.kts
dependencies {
    compileOnly("org.jetbrains.kotlin:kotlin-compiler-embeddable:2.1.21")
}


Next, define a Gradle work action to print the Kotlin compiler version:

import org.gradle.workers.WorkAction
import org.gradle.workers.WorkParameters
import org.jetbrains.kotlin.config.KotlinCompilerVersion
abstract class ActionUsingKotlinCompiler : WorkAction<WorkParameters.None> {
    override fun execute() {
        println("Kotlin compiler version: ${KotlinCompilerVersion.getVersion()}")
    }
}


Now create a task that submits this action to the worker executor using classloader isolation:

import org.gradle.api.DefaultTask
import org.gradle.api.file.ConfigurableFileCollection
import org.gradle.api.tasks.Classpath
import org.gradle.api.tasks.TaskAction
import org.gradle.workers.WorkerExecutor
import javax.inject.Inject
abstract class TaskUsingKotlinCompiler: DefaultTask() {
    @get:Inject
    abstract val executor: WorkerExecutor

    @get:Classpath
    abstract val kotlinCompiler: ConfigurableFileCollection

    @TaskAction
    fun compile() {
        val workQueue = executor.classLoaderIsolation {
            classpath.from(kotlinCompiler)
        }
        workQueue.submit(ActionUsingKotlinCompiler::class.java) {}
    }
}


Finally, configure the Kotlin compiler classpath in your Gradle plugin:

import org.gradle.api.Plugin
import org.gradle.api.Project
abstract class MyPlugin: Plugin<Project> {
    override fun apply(target: Project) {
        val myDependencyScope = target.configurations.create("myDependencyScope")
        target.dependencies.add(myDependencyScope.name, "$KOTLIN_COMPILER_EMBEDDABLE:$KOTLIN_COMPILER_VERSION")
        val myResolvableConfiguration = target.configurations.create("myResolvable") {
            extendsFrom(myDependencyScope)
        }
        target.tasks.register("myTask", TaskUsingKotlinCompiler::class.java) {
            kotlinCompiler.from(myResolvableConfiguration)
        }
    }

    companion object {
        const val KOTLIN_COMPILER_EMBEDDABLE = "org.jetbrains.kotlin:kotlin-compiler-embeddable"
        const val KOTLIN_COMPILER_VERSION = "2.1.21"
    }
}


Compose compiler updates

Support for multiple stability configuration files

The Compose compiler can interpret multiple stability configuration files,
but the stabilityConfigurationFile option of the Compose Compiler Gradle plugin previously allowed
for only a single file to be specified.
In Kotlin 2.1.0, this functionality was reworked to allow you to use several stability configuration files for a single module:


	The stabilityConfigurationFile option is deprecated.

	There is a new option, stabilityConfigurationFiles, with the type ListProperty<RegularFile>.



Here's how to pass several files to the Compose compiler using the new option:

// build.gradle.kt
composeCompiler {
    stabilityConfigurationFiles.addAll(
        project.layout.projectDirectory.file("configuration-file1.conf"),
        project.layout.projectDirectory.file("configuration-file2.conf"),
    )
}


Pausable composition

Pausable composition is a new Experimental feature that changes how the compiler generates skippable functions. 
With this feature enabled, composition can be suspended on skipping points during runtime,
allowing long-running composition processes to be split across multiple frames.
Pausable composition is used in lazy lists and other performance-intensive components for prefetching content
that might cause frames to drop when executed in a blocking manner.

To try out pausable composition, add the following feature flag in the Gradle configuration for the Compose compiler:

// build.gradle.kts
composeCompiler {
    featureFlags = setOf(
        ComposeFeatureFlag.PausableComposition
    )
}



Runtime support for this feature was added in the 1.8.0-alpha02 version of androidx.compose.runtime.
The feature flag has no effect when used with older runtime versions.
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Changes to open and overridden @Composable functions

Virtual (open, abstract, and overridden) @Composable functions can no longer be restartable.
The codegen for restartable groups was generating calls that did not work correctly
with inheritance, resulting in runtime crashes.

This means that virtual functions won't be restarted or skipped:
whenever their state is invalidated, runtime will recompose their parent composable instead.
If your code is sensitive to recompositions, you may notice changes in runtime behavior.

Performance improvements

The Compose compiler used to create a full copy of module's IR to transform @Composable types.
Apart from increased memory consumption when copying elements that were not related to Compose,
this behavior was also breaking downstream compiler plugins in certain edge cases.

This copy operation was removed, resulting in potentially faster compilation times.

Standard library

Changes to the deprecation severity of standard library APIs

In Kotlin 2.1.0, we are raising the deprecation severity level of several standard library APIs from warning to error.
If your code relies on these APIs, you need to update it to ensure compatibility.
The most notable changes include:


	Locale-sensitive case conversion functions for Char and String are deprecated:
Functions like Char.toLowerCase(), Char.toUpperCase(), String.toUpperCase(),
and String.toLowerCase() are now deprecated, and using them results in an error.
Replace them with locale-agnostic function alternatives or other case conversion mechanisms.
If you want to continue using the default locale, replace calls like String.toLowerCase()
with String.lowercase(Locale.getDefault()), explicitly specifying the locale.
For a locale-agnostic conversion, replace them with String.lowercase(), which uses the invariant locale by default.



	Kotlin/Native freezing API is deprecated:
Using the freezing-related declarations previously marked with the @FreezingIsDeprecated annotation now results in an error.
This change reflects the transition from the legacy memory manager in Kotlin/Native,
which required freezing objects to share them between threads.
To learn how to migrate from freezing-related APIs in the new memory model,
see the Kotlin/Native migration guide.
For more information, see the announcement about the deprecation of freezing.



	appendln() is deprecated in favor of appendLine():
The StringBuilder.appendln() and Appendable.appendln() functions are now deprecated, and using them results in an error.
To replace them, use the StringBuilder.appendLine() or Appendable.appendLine() functions instead.
The appendln() function is deprecated because, on Kotlin/JVM, it uses the line.separator system property,
which has a different default value on each OS. On Kotlin/JVM, this property defaults to \r\n (CR LF) on Windows and \n (LF) on other systems.
On the other hand, the appendLine() function consistently uses \n (LF) as the line separator, ensuring consistent behavior across platforms.





For a complete list of affected APIs in this release, see the KT-71628 YouTrack issue.

Stable file tree traversal extensions for java.nio.file.Path

Kotlin 1.7.20 introduced Experimental extension functions for the java.nio.file.Path class,
which allows you to walk through a file tree.
In Kotlin 2.1.0, the following file tree traversal extensions are now Stable:


	walk() lazily traverses the file tree rooted at the specified path.

	fileVisitor() makes it possible to create a FileVisitor separately. 
FileVisitor specifies the actions to be performed on directories and files during traversal.

	visitFileTree(fileVisitor: FileVisitor, ...) traverses through a file tree,
invoking the specified FileVisitor on each encountered entry, and it uses the java.nio.file.Files.walkFileTree() function under the hood.

	visitFileTree(..., builderAction: FileVisitorBuilder.() -> Unit) creates a FileVisitor with the provided builderAction
and calls the visitFileTree(fileVisitor, ...) function.

	sealed interface FileVisitorBuilder allows you to define a custom FileVisitor implementation.

	enum class PathWalkOption provides traversal options for the Path.walk() function.



The examples below demonstrate how to use these file traversal APIs to create custom FileVisitor behaviors,
which allows you to define specific actions for visiting files and directories.

For instance, you can explicitly create a FileVisitor and use it later:

val cleanVisitor = fileVisitor {
    onPreVisitDirectory { directory, attributes ->
        // Placeholder: Add logic on visiting directories
        FileVisitResult.CONTINUE
    }

    onVisitFile { file, attributes ->
        // Placeholder: Add logic on visiting files
        FileVisitResult.CONTINUE
    }
}

// Placeholder: Add logic here for general setup before traversal
projectDirectory.visitFileTree(cleanVisitor)


You can also create a FileVisitor with the builderAction and use it immediately for the traversal:

projectDirectory.visitFileTree {
    // Defines the builderAction:
    onPreVisitDirectory { directory, attributes ->
        // Some logic on visiting directories
        FileVisitResult.CONTINUE
    }

    onVisitFile { file, attributes ->
        // Some logic on visiting files
        FileVisitResult.CONTINUE
    }
}


Additionally, you can traverse a file tree rooted at the specified path with the walk() function:

fun traverseFileTree() {
    val cleanVisitor = fileVisitor {
        onPreVisitDirectory { directory, _ ->
            if (directory.name == "build") {
                directory.toFile().deleteRecursively()
                FileVisitResult.SKIP_SUBTREE
            } else {
                FileVisitResult.CONTINUE
            }
        }

        // Deletes files with the .class extension
        onVisitFile { file, _ ->
            if (file.extension == "class") {
                file.deleteExisting()
            }
            FileVisitResult.CONTINUE
        }
    }

    // Sets up the root directory and files
    val rootDirectory = createTempDirectory("Project")

    // Creates the src directory with A.kt and A.class files
    rootDirectory.resolve("src").let { srcDirectory ->
        srcDirectory.createDirectory()
        srcDirectory.resolve("A.kt").createFile()
        srcDirectory.resolve("A.class").createFile()
    }

    // Creates the build directory with a Project.jar file
    rootDirectory.resolve("build").let { buildDirectory ->
        buildDirectory.createDirectory()
        buildDirectory.resolve("Project.jar").createFile()
    }

    // Uses the walk() function:
    val directoryStructure = rootDirectory.walk(PathWalkOption.INCLUDE_DIRECTORIES)
        .map { it.relativeTo(rootDirectory).toString() }
        .toList().sorted()
    println(directoryStructure)
    // "[, build, build/Project.jar, src, src/A.class, src/A.kt]"

    // Traverses the file tree with cleanVisitor, applying the rootDirectory.visitFileTree(cleanVisitor) cleanup rules
    val directoryStructureAfterClean = rootDirectory.walk(PathWalkOption.INCLUDE_DIRECTORIES)
        .map { it.relativeTo(rootDirectory).toString() }
        .toList().sorted()
    println(directoryStructureAfterClean)
    // "[, src, src/A.kt]"
}


Documentation updates

The Kotlin documentation has received some notable changes:

Language concepts


	Improved Null safety page – Learn how to handle null values safely in your code.

	Improved Objects declarations and expressions page –
Learn how to define a class and create an instance in a single step.

	Improved When expressions and statements section –
Learn about the when conditional and how you can use it.

	Updated Kotlin roadmap, Kotlin evolution principles,
and Kotlin language features and proposals pages – 
Learn about Kotlin's plans, ongoing developments, and guiding principles.



Compose compiler


	Compose compiler documentation now located in the Compiler and plugins section –
Learn about the Compose compiler, the compiler options, and the steps to migrate.



API references


	New Kotlin Gradle plugins API reference –
Explore the API references for the Kotlin Gradle plugin and the Compose compiler Gradle plugin.



Multiplatform development


	New Building a Kotlin library for multiplatform page –
Learn how to design your Kotlin libraries for Kotlin Multiplatform.

	New Introduction to Kotlin Multiplatform page – Learn about Kotlin Multiplatform's key concepts, dependencies, libraries, and more.

	Updated Kotlin Multiplatform overview page – Navigate through the essentials of Kotlin Multiplatform and popular use cases.

	New iOS integration section – Learn how to integrate a Kotlin Multiplatform shared module into your iOS app.

	New Kotlin/Native's definition file page – Learn how to create a definition file to consume C and Objective-C libraries.

	Get started with WASI –
Learn how to run a simple Kotlin/Wasm application using WASI in various WebAssembly virtual machines.



Tooling


	New Dokka migration guide – Learn how to migrate to Dokka Gradle plugin v2.



Compatibility guide for Kotlin 2.1.0

Kotlin 2.1.0 is a feature release and can, therefore,
bring changes that are incompatible with your code written for earlier versions of the language.
Find the detailed list of these changes in the Compatibility guide for Kotlin 2.1.0.

Install Kotlin 2.1.0

Starting from IntelliJ IDEA 2023.3 and Android Studio Iguana (2023.2.1) Canary 15, the Kotlin plugin is distributed as a
bundled plugin included in your IDE. This means that you can't install the plugin from JetBrains Marketplace anymore.

To update to the new Kotlin version, change the Kotlin version
to 2.1.0 in your build scripts.


        

    



        
    





Generation of TypeScript declaration files in Kotlin/Wasm


Generating TypeScript declaration files in Kotlin/Wasm is Experimental.
It may be dropped or changed at any time.
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In Kotlin 2.0.0, the Kotlin/Wasm compiler is now capable of generating TypeScript definitions from any @JsExport
declarations in your Kotlin code. These definitions can be used by IDEs and JavaScript tools to provide code
autocompletion, help with type checks, and make it easier to include Kotlin code in JavaScript.

The Kotlin/Wasm compiler collects any top-level functions
marked with @JsExport and automatically generates TypeScript definitions in a .d.ts file.

To generate TypeScript definitions, in your build.gradle(.kts) file in the wasmJs {} block, add
the generateTypeScriptDefinitions() function:

kotlin {
    wasmJs {
        binaries.executable()
        browser {
        }
        generateTypeScriptDefinitions()
    }
}


Support for catching JavaScript exceptions

Previously, Kotlin/Wasm code could not catch JavaScript exceptions, making it difficult to handle errors originating
from the JavaScript side of the program.

In Kotlin 2.0.0, we have implemented support for catching JavaScript exceptions within Kotlin/Wasm. This implementation
allows you to use try-catch blocks, with specific types like Throwable or JsException, to handle these errors properly.

Additionally, finally blocks, which help execute code regardless of exceptions, also work correctly. While we're
introducing support for catching JavaScript exceptions, no additional information is provided when a JavaScript exception,
like a call stack, occurs. However, we are working on these implementations.

New exception handling proposal is now supported as an option

In this release, we introduce support for the new version of WebAssembly's exception handling proposal
within Kotlin/Wasm.

This update ensures the new proposal aligns with Kotlin requirements, enabling the use of Kotlin/Wasm on virtual
machines that only support the latest version of the proposal.

Activate the new exception handling proposal by using the -Xwasm-use-new-exception-proposal compiler option, which is
turned off by default.

The withWasm() function is split into JS and WASI variants

The withWasm() function, which used to provide Wasm targets for hierarchy templates, is deprecated in favor of
specialized withWasmJs() and withWasmWasi() functions.

Now you can separate the WASI and JS targets between different groups in the tree definition.

Kotlin/JS

Among other changes, this version brings modern JS compilation to Kotlin, supporting more features from the ES2015
standard:


	New compilation target

	Suspend functions as ES2015 generators

	Passing arguments to the main function

	Per-file compilation for Kotlin/JS projects

	Improved collection interoperability

	Support for createInstance()

	Support for type-safe plain JavaScript objects

	Support for npm package manager

	Changes to compilation tasks

	Discontinuing legacy Kotlin/JS JAR artifacts



New compilation target

In Kotlin 2.0.0, we're adding a new compilation target to Kotlin/JS, es2015. This is a new way for you to enable all
the ES2015 features supported in Kotlin at once.

You can set it up in your build.gradle(.kts) file like this:

kotlin {
    js {
        compilerOptions {
            target.set("es2015")
        }
    }
}


The new target automatically turns on ES classes and modules
and the newly supported ES generators.

Suspend functions as ES2015 generators

This release introduces Experimental support for ES2015 generators
for compiling suspend functions.

Using generators instead of state machines should improve the final bundle size of your project. For example, the
JetBrains team managed to decrease the bundle size of its Space project by 20% by using the ES2015 generators.

Learn more about ES2015 (ECMAScript 2015, ES6) in the official documentation.

Passing arguments to the main function

Starting with Kotlin 2.0.0, you can specify a source of your args for the main() function. This feature makes it
easier to work with the command line and pass the arguments.

To do this, define the js {} block with the new passAsArgumentToMainFunction() function, which returns an array of
strings:

kotlin {
    js {
        binary.executable()
        passAsArgumentToMainFunction("Deno.args")
    }
}


The function is executed at runtime. It takes the JavaScript expression and uses it as the args: Array<String>
argument instead of the main() function call.

Also, if you use the Node.js runtime, you can take advantage of a special alias. It allows you to pass process.argv to
the args parameter once instead of adding it manually every time:

kotlin {
    js {
        binary.executable()
        nodejs {
            passProcessArgvToMainFunction()
        }
    }
}


Per-file compilation for Kotlin/JS projects

Kotlin 2.0.0 introduces a new granularity option for the Kotlin/JS project output. You can now set up a per-file
compilation that generates one JavaScript file for each Kotlin file. It helps to significantly optimize the size of the
final bundle and improve the loading time of the program.

Previously, there were only two output options. The Kotlin/JS compiler could generate a single .js file for the whole
project. However, this file might be too large and inconvenient to use. Whenever you wanted to use a function from your
project, you had to include the entire JavaScript file as a dependency. Alternatively, you could configure a compilation
of a separate .js file for each project module. This is still the default option.

Since module files could also be too large, with Kotlin 2.0.0, we add a more granular output that generates one (or two,
if the file contains exported declarations) JavaScript file per each Kotlin file. To enable the per-file compilation mode:


	Add the useEsModules() function to your build
file to support ECMAScript modules:

// build.gradle.kts
kotlin {
    js(IR) {
        useEsModules() // Enables ES2015 modules
        browser()
    }
}


You can also use the new es2015 compilation target for that.



	Apply the -Xir-per-file compiler option or update your gradle.properties file with:

# gradle.properties
kotlin.js.ir.output.granularity=per-file // `per-module` is the default





Improved collection interoperability

Starting with Kotlin 2.0.0, it's possible to export declarations with a Kotlin collection type inside the signature to
JavaScript (and TypeScript). This applies to Set, Map, and List collection types and their mutable counterparts.

To use Kotlin collections in JavaScript, first mark the necessary declarations
with @JsExport annotation:

// Kotlin
@JsExport
data class User(
    val name: String,
    val friends: List<User> = emptyList()
)

@JsExport
val me = User(
    name = "Me",
    friends = listOf(User(name = "Kodee"))
)


You can then consume them from JavaScript as regular JavaScript arrays:

// JavaScript
import { User, me, KtList } from "my-module"

const allMyFriendNames = me.friends
    .asJsReadonlyArrayView()
    .map(x => x.name) // ['Kodee']



Unfortunately, creating Kotlin collections from JavaScript is still unavailable. We're planning to add this
functionality in Kotlin 2.0.20.
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Support for createInstance()

Starting with Kotlin 2.0.0, you can use the createInstance()
function from the Kotlin/JS target. Previously, it was only available on the JVM.

This function from the KClass interface creates
a new instance of the specified class, which is useful for getting the runtime reference to a Kotlin class.

Support for type-safe plain JavaScript objects


The js-plain-objects plugin is Experimental.
It may be dropped or changed at any time. The js-plain-objects plugin only supports the K2 compiler.
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To make it easier to work with JavaScript APIs, in Kotlin 2.0.0, we provide a new plugin: js-plain-objects,
which you can use to create type-safe plain JavaScript objects. The plugin checks your code for any external interfaces
that have a @JsPlainObject annotation and adds:


	An inline invoke operator function inside the companion object that you can use as a constructor.

	A .copy() function that you can use to create a copy of your object while adjusting some of its properties.



For example:

import kotlinx.js.JsPlainObject

@JsPlainObject
external interface User {
    var name: String
    val age: Int
    val email: String?
}

fun main() {
    // Creates a JavaScript object
    val user = User(name = "Name", age = 10)
    // Copies the object and adds an email
    val copy = user.copy(age = 11, email = "some@user.com")

    println(JSON.stringify(user))
    // { "name": "Name", "age": 10 }
    println(JSON.stringify(copy))
    // { "name": "Name", "age": 11, "email": "some@user.com" }
}


Any JavaScript objects created with this approach are safer because instead of only seeing errors at runtime,
you can see them at compile time or even highlighted by your IDE.

Consider this example, which uses a fetch() function to interact with a JavaScript API using external interfaces
to describe the shape of the JavaScript objects:

import kotlinx.js.JsPlainObject

@JsPlainObject
external interface FetchOptions {
    val body: String?
    val method: String
}

// A wrapper for Window.fetch
suspend fun fetch(url: String, options: FetchOptions? = null) = TODO("Add your custom behavior here")

// A compile-time error is triggered as "metod" is not recognized
// as method
fetch("https://google.com", options = FetchOptions(metod = "POST"))
// A compile-time error is triggered as method is required
fetch("https://google.com", options = FetchOptions(body = "SOME STRING"))


In comparison, if you use the js() function instead to create your JavaScript objects,
errors are only found at runtime or aren't triggered at all:

suspend fun fetch(url: String, options: FetchOptions? = null) = TODO("Add your custom behavior here")

// No error is triggered. As "metod" is not recognized, the wrong method 
// (GET) is used.
fetch("https://google.com", options = js("{ metod: 'POST' }"))

// By default, the GET method is used. A runtime error is triggered as 
// body shouldn't be present.
fetch("https://google.com", options = js("{ body: 'SOME STRING' }"))
// TypeError: Window.fetch: HEAD or GET Request cannot have a body


To use the js-plain-objects plugin, add the following to your build.gradle(.kts) file:




【Kotlin】



plugins {
    kotlin("plugin.js-plain-objects") version "2.0.0"
}





【Groovy】



plugins {
    id "org.jetbrains.kotlin.plugin.js-plain-objects" version "2.0.0"
}




Support for npm package manager

Previously, it was only possible for the Kotlin Multiplatform Gradle plugin to use Yarn
as a package manager to download and install npm dependencies. From Kotlin 2.0.0, you can use npm
as your package manager instead. Using npm as a package manager means that you have one less tool to manage during your
setup.

For backward compatibility, Yarn is still the default package manager. To use npm as your package manager,
set the following property in your gradle.properties file:

kotlin.js.yarn = false


Changes to compilation tasks

Previously, the webpack and distributeResources compilation tasks both targeted the same directories. Moreover,
the distribution task declared the dist as its output directory as well. This resulted in overlapping outputs and
produced a compilation warning.

So, starting with Kotlin 2.0.0, we've implemented the following changes:


	The webpack task now targets a separate folder.

	The distributeResources task has been completely removed.

	The distribution task now has the Copy type and targets the dist folder.



Discontinuing legacy Kotlin/JS JAR artifacts

Starting with Kotlin 2.0.0, the Kotlin distribution no longer contains legacy Kotlin/JS artifacts with the .jar
extension. Legacy artifacts were used in the unsupported old Kotlin/JS compiler and unnecessary for the IR compiler, which
uses the klib format.

Gradle improvements

Kotlin 2.0.0 is fully compatible with Gradle 6.8.3 through 8.5. You can also use Gradle versions up to the latest Gradle
release, but if you do, keep in mind that you might encounter deprecation warnings or some new Gradle features might not
work.

This version brings the following changes:


	New Gradle DSL for compiler options in multiplatform projects

	New Compose compiler Gradle plugin

	New attribute to distinguish JVM and Android published libraries

	Improved Gradle dependency handling for CInteropProcess in Kotlin/Native

	Visibility changes in Gradle

	New directory for Kotlin data in Gradle projects

	Kotlin/Native compiler downloaded when needed

	Deprecating old ways of defining compiler options

	Bumped minimum AGP supported version

	New Gradle property for trying the latest language version

	New JSON output format for build reports

	kapt configurations inherit annotation processors from superconfigurations

	Kotlin Gradle plugin no longer uses deprecated Gradle conventions



New Gradle DSL for compiler options in multiplatform projects


This feature is Experimental. It may be dropped or changed at
any time. Use it only for evaluation purposes. We would appreciate your feedback on it in YouTrack.
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Prior to Kotlin 2.0.0, configuring compiler options in a multiplatform project with Gradle was only possible at a low
level, such as per task, compilation, or source set. To make it easier to configure compiler options more generally in
your projects, Kotlin 2.0.0 comes with a new Gradle DSL.

With this new DSL, you can configure compiler options at the extension level for all the targets and shared source sets
like commonMain and at a target level for a specific target:

kotlin {
    compilerOptions {
        // Extension-level common compiler options that are used as defaults
        // for all targets and shared source sets
        allWarningsAsErrors.set(true)
    }
    jvm {
        compilerOptions {
            // Target-level JVM compiler options that are used as defaults
            // for all compilations in this target
            noJdk.set(true)
        }
    }
}


The overall project configuration now has three layers. The highest is the extension level, then the target level and
the lowest is the compilation unit (which is usually a compilation task):























The settings at a higher level are used as a convention (default) for a lower level:


	The values of extension compiler options are the default for target compiler options, including shared source sets,
like commonMain, nativeMain, and commonTest.

	The values of target compiler options are used as the default for compilation unit (task) compiler options, for
example, compileKotlinJvm and compileTestKotlinJvm tasks.



In turn, configurations made at a lower level override related settings at a higher level:


	Task-level compiler options override related configurations at the target or the extension level.

	Target-level compiler options override related configurations at the extension level.



When configuring your project, keep in mind that some old ways of setting up compiler options have been deprecated.

We encourage you to try the new DSL out in your multiplatform projects and leave feedback in YouTrack,
as we plan to make this DSL the recommended approach for configuring compiler options.

New Compose compiler Gradle plugin

The Jetpack Compose compiler, which translates composables into Kotlin code, has now been merged into the Kotlin
repository. This will help transition Compose projects to Kotlin 2.0.0, as the Compose compiler will always ship
simultaneously with Kotlin. This also bumps the Compose compiler version to 2.0.0.

To use the new Compose compiler in your projects, apply the org.jetbrains.kotlin.plugin.compose Gradle plugin in
your build.gradle(.kts) file and set its version equal to Kotlin 2.0.0.

To learn more about this change and see the migration instructions, see the Compose compiler documentation.



    



        
    



        

    
        Kotlin 1.9.0

        
            Kotlin 1.9.0 的新特性

发布于：2023-07-06

The Kotlin 1.9.0 release is out and the K2 compiler for the JVM is now in Beta. Additionally, here are some of the main highlights:


	新版 Kotlin K2 编译器更新

	稳定版枚举类的 values 函数替代

	稳定版用于前闭后开区间的 ..< 操作符

	新增按名称获取正则表达式捕获组的公共函数

	新增用于创建父目录路径的实用程序

	Kotlin 多平台 Gradle 配置缓存预览版

	Kotlin 多平台 Android 目标平台支持的变更

	Kotlin/Native 自定义内存分配器预览版

	Kotlin/Native 的库链接

	Kotlin/Wasm 尺寸相关的优化



You can also find a short overview of the updates in this video:

YouTube 视频：What's new in Kotlin 1.9.0 



 





IDE 支持

The Kotlin plugins that support 1.9.0 are available for:




	IDE
	Supported versions





	IntelliJ IDEA
	2022.3.x, 2023.1.x



	Android Studio
	Giraffe (223), Hedgehog (231)*





*The Kotlin 1.9.0 plugin will be included with Android Studio Giraffe (223) and Hedgehog (231) in their upcoming releases.

The Kotlin 1.9.0 plugin will be included with IntelliJ IDEA 2023.2 in the upcoming releases.


To download Kotlin artifacts and dependencies, configure your Gradle settings to use the Maven Central Repository.
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新版 Kotlin K2 编译器更新

The Kotlin team at JetBrains continues to stabilize the K2 compiler, and the 1.9.0 release introduces further advancements.
The K2 compiler for the JVM is now in Beta.

There's now also basic support for Kotlin/Native and multiplatform projects.

kapt 编译器插件与 K2 编译器的兼容性

You can use the kapt plugin in your project along with the K2 compiler, but with some restrictions. 
Despite setting languageVersion to 2.0, the kapt compiler plugin still utilizes the old compiler.

If you execute the kapt compiler plugin within a project where languageVersion is set to 2.0, kapt will automatically
switch to 1.9 and disable specific version compatibility checks. This behavior is equivalent to including the following command arguments:


	-Xskip-metadata-version-check

	-Xskip-prerelease-check

	-Xallow-unstable-dependencies



These checks are exclusively disabled for kapt tasks. All other compilation tasks will continue to utilize the new K2 compiler.

If you encounter any issues when using kapt with the K2 compiler, please report them to our issue tracker.

在项目中试用 K2 编译器

Starting with 1.9.0 and until the release of Kotlin 2.0, you can easily test the K2 compiler by adding the kotlin.experimental.tryK2=true
Gradle property to your gradle.properties file. You can also run the following command:

./gradlew assemble -Pkotlin.experimental.tryK2=true


This Gradle property automatically sets the language version to 2.0 and updates the build report with the number of Kotlin
tasks compiled using the K2 compiler compared to the current compiler:

##### 'kotlin.experimental.tryK2' results (Kotlin/Native not checked) #####
:lib:compileKotlin: 2.0 language version
:app:compileKotlin: 2.0 language version
##### 100% (2/2) tasks have been compiled with Kotlin 2.0 #####

Gradle 构建报告

Gradle build reports now show whether the current or the K2 compiler 
was used to compile the code. In Kotlin 1.9.0, you can see this information in your Gradle build scans:

[image: Gradle build scan - K1]

[image: Gradle build scan - K2]

You can also find the Kotlin version used in the project right in the build report:

Task info:
  Kotlin language version: 1.9


If you use Gradle 8.0, you might come across some problems with build reports, especially when Gradle configuration 
caching is enabled. This is a known issue, fixed in Gradle 8.1 and later.
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当前 K2 编译器的限制

Enabling K2 in your Gradle project comes with certain limitations that can affect projects using Gradle versions below 8.3 in the following cases:


	Compilation of source code from buildSrc.

	Compilation of Gradle plugins in included builds.

	Compilation of other Gradle plugins if they are used in projects with Gradle versions below 8.3.

	Building Gradle plugin dependencies.



If you encounter any of the problems mentioned above, you can take the following steps to address them:


	Set the language version for buildSrc, any Gradle plugins, and their dependencies:



kotlin {
    compilerOptions {
        languageVersion.set(org.jetbrains.kotlin.gradle.dsl.KotlinVersion.KOTLIN_1_9)
        apiVersion.set(org.jetbrains.kotlin.gradle.dsl.KotlinVersion.KOTLIN_1_9)
    }
}



	Update the Gradle version in your project to 8.3 when it becomes available.



请反馈关于新版 K2 编译器的问题

We'd appreciate any feedback you may have!


	Provide your feedback directly to K2 developers Kotlin's Slack – get an invite
and join the #k2-early-adopters channel.

	Report any problems you've faced with the new K2 compiler on our issue tracker.

	Enable the Send usage statistics option to
allow JetBrains to collect anonymous data about K2 usage.



语言

In Kotlin 1.9.0, we're stabilizing some new language features that were introduced earlier:


	枚举类的 values 函数替代

	与数据类相称的数据对象

	在内联类中支持有主体的次构造函数



稳定版枚举类的 values 函数替代

In 1.8.20, the entries property for enum classes was introduced as an Experimental feature. The entries property is 
a modern and performant replacement for the synthetic values() function. In 1.9.0, the entries property is Stable.


The values() function is still supported, but we recommend that you use the entries
property instead.
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enum class Color(val colorName: String, val rgb: String) {
    RED("Red", "#FF0000"),
    ORANGE("Orange", "#FF7F00"),
    YELLOW("Yellow", "#FFFF00")
}

fun findByRgb(rgb: String): Color? = Color.entries.find { it.rgb == rgb }


For more information about the entries property for enum classes, see What's new in Kotlin 1.8.20.

稳定版与数据类相称的数据对象

Data object declarations, which were introduced in Kotlin 1.8.20,
are now Stable. This includes the functions added for symmetry with data classes: toString(), equals(), and hashCode().

This feature is particularly useful with sealed hierarchies (like a sealed class or sealed interface hierarchy), 
because data object declarations can be used conveniently alongside data class declarations. In this example, declaring
EndOfFile as a data object instead of a plain object means that it automatically has a toString() function without 
the need to override it manually. This maintains symmetry with the accompanying data class definitions.

sealed interface ReadResult
data class Number(val number: Int) : ReadResult
data class Text(val text: String) : ReadResult
data object EndOfFile : ReadResult

fun main() {
    println(Number(7)) // Number(number=7)
    println(EndOfFile) // EndOfFile
}


For more information, see What's new in Kotlin 1.8.20.

在内联类中支持有主体的次构造函数

Starting with Kotlin 1.9.0, the use of secondary constructors with bodies in inline value classes is
available by default:

@JvmInline
value class Person(private val fullName: String) {
    // Allowed since Kotlin 1.4.30:
    init {
        check(fullName.isNotBlank()) {
            "Full name shouldn't be empty"
        }
    }
    // Allowed by default since Kotlin 1.9.0:
    constructor(name: String, lastName: String) : this("$name $lastName") {
        check(lastName.isNotBlank()) {
            "Last name shouldn't be empty"
        }
    }
}


Previously, Kotlin allowed only public primary constructors in inline classes. As a result, it was impossible to 
encapsulate underlying values or create an inline class that would represent some constrained values.

As Kotlin developed, these issues were fixed. Kotlin 1.4.30 lifted restrictions on init blocks and then Kotlin 1.8.20 
came with a preview of secondary constructors with bodies. They are now available by default. Learn more about the 
development of Kotlin inline classes in this KEEP.

Kotlin/JVM

Starting with version 1.9.0, the compiler can generate classes with a bytecode version corresponding to JVM 20. In addition,
the deprecation of the JvmDefault annotation and legacy -Xjvm-default modes continues.

弃用 JvmDefault 注解与旧版 -Xjvm-default 模式

Starting from Kotlin 1.5, the usage of the JvmDefault annotation has been deprecated in favor of the newer -Xjvm-default
modes: all and all-compatibility. With the introduction of JvmDefaultWithoutCompatibility in Kotlin 1.4 and 
JvmDefaultWithCompatibility in Kotlin 1.6, these modes offer comprehensive control over the generation of DefaultImpls
classes, ensuring seamless compatibility with older Kotlin code.

Consequently in Kotlin 1.9.0, the JvmDefault annotation no longer holds any significance and has been marked as 
deprecated, resulting in an error. It will eventually be removed from Kotlin.

Kotlin/Native

Among other improvements, this release brings further advancements to the Kotlin/Native memory manager
that should enhance its robustness and performance:


	自定义内存分配器预览版

	主线程上的 Objective-C 或 Swift 对象释放钩子

	在 Kotlin/Native 中访问常量值时不初始化对象

	能够为 iOS 模拟器测试配置独立模式

	Kotlin/Native 的库链接



自定义内存分配器预览版

Kotlin 1.9.0 introduces the preview of a custom memory allocator. Its allocation system improves the runtime performance
of the Kotlin/Native memory manager.

The current object allocation system in Kotlin/Native uses a general-purpose allocator that doesn't have the functionality
for efficient garbage collection. To compensate, it maintains thread-local linked lists of all allocated objects before 
the garbage collector (GC) merges them into a single list, which can be iterated during sweeping. This approach comes 
with several performance downsides:


	The sweeping order lacks memory locality and often results in scattered memory access patterns, leading to potential performance issues.

	Linked lists require additional memory for each object, increasing memory usage, particularly when dealing with many small objects.

	The single list of allocated objects makes it challenging to parallelize sweeping, which can cause memory usage problems when mutator threads allocate objects faster than the GC thread can collect them.



To address these issues, Kotlin 1.9.0 introduces a preview of the custom allocator. It divides system memory into pages,
allowing independent sweeping in consecutive order. Each allocation becomes a memory block within a page, and the page 
keeps track of block sizes. Different page types are optimized for various allocation sizes. The consecutive arrangement
of memory blocks ensures efficient iteration through all allocated blocks.

When a thread allocates memory, it searches for a suitable page based on the allocation size. Threads maintain a set of 
pages for different size categories. Typically, the current page for a given size can accommodate the allocation. If not,
the thread requests a different page from the shared allocation space. This page may already be available, require 
sweeping, or should be created first.

The new allocator allows having multiple independent allocation spaces simultaneously, which will allow the Kotlin team 
to experiment with different page layouts to improve performance even further.

For more information on the design of the new allocator, see this README.

如何启用

Add the -Xallocator=custom compiler option:

kotlin {
    macosX64("native") {
        binaries.executable()

        compilations.configureEach {
            compilerOptions.configure {
                freeCompilerArgs.add("-Xallocator=custom")
            }
        }
    }
}


敬请反馈

We would appreciate your feedback in YouTrack
to improve the custom allocator.

主线程上的 Objective-C 或 Swift 对象释放钩子

Starting with Kotlin 1.9.0, the Objective-C or Swift object deallocation hook is called on the main thread if the object
is passed to Kotlin there. The way the Kotlin/Native memory manager previously 
handled references to Objective-C objects could lead to memory leaks. We believe the new behavior should improve the 
robustness of the memory manager.

Consider an Objective-C object that is referenced in Kotlin code, for example, when passed as an argument, returned by 
a function, or retrieved from a collection. In this case, Kotlin creates its own object that holds the reference to the
Objective-C object. When the Kotlin object gets deallocated, the Kotlin/Native runtime calls the objc_release function 
that releases that Objective-C reference.

Previously, the Kotlin/Native memory manager ran objc_release on a special GC thread. If it's the last object reference,
the object gets deallocated. Issues could come up when Objective-C objects have custom deallocation hooks like the dealloc
method in Objective-C or the deinit block in Swift, and these hooks expect to be called on a specific thread.

Since hooks for objects on the main thread usually expect to be called there, Kotlin/Native runtime now 
calls objc_release on the main thread as well. It should cover the cases when the Objective-C object was passed to 
Kotlin on the main thread, creating a Kotlin peer object there. This only works if the main dispatch queue 
is processed, which is the case for regular UI applications. When it's not the main queue or the object was passed to 
Kotlin on a thread other than main, the objc_release is called on a special GC thread as before.

如何选择退出

In case you face issues, you can disable this behavior in your gradle.properties file with the following option:

kotlin.native.binary.objcDisposeOnMain=false

Don't hesitate to report such cases to our issue tracker.

在 Kotlin/Native 中访问常量值时不初始化对象

Starting with Kotlin 1.9.0, the Kotlin/Native backend doesn't initialize objects when accessing const val fields:

object MyObject {
    init {
        println("side effect!")
    }

    const val y = 1
}

fun main() {
    println(MyObject.y) // No initialization at first
    val x = MyObject    // Initialization occurs
    println(x.y)
}


The behavior is now unified with Kotlin/JVM, where the implementation is consistent with Java and objects are never 
initialized in this case. You can also expect some performance improvements in your Kotlin/Native projects thanks to 
this change.

在 Kotlin/Native 中能够为 iOS 模拟器测试配置独立模式

By default, when running iOS simulator tests for Kotlin/Native, the --standalone flag is used to avoid manual simulator
booting and shutdown. In 1.9.0, you can now configure whether this flag is used in a Gradle task via the standalone 
property. By default, the --standalone flag is used so standalone mode is enabled.

Here is an example of how to disable standalone mode in your build.gradle.kts file:

tasks.withType<org.jetbrains.kotlin.gradle.targets.native.tasks.KotlinNativeSimulatorTest>().configureEach {
    standalone.set(false)
}



If you disable standalone mode, you must boot the simulator manually. To boot your simulator
from CLI, you can use the following command:

/usr/bin/xcrun simctl boot <DeviceId>
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Kotlin/Native 的库链接

Starting with Kotlin 1.9.0, the Kotlin/Native compiler treats linkage issues in Kotlin libraries the same way as Kotlin/JVM.
You might face such issues if the author of one third-party Kotlin library makes an incompatible change in experimental 
APIs that another third-party Kotlin library consumes.

Now builds don't fail during compilation in case of linkage issues between third-party Kotlin libraries. Instead, you'll
only encounter these errors in run time, exactly as on the JVM.

The Kotlin/Native compiler reports warnings every time it detects issues with library linkage. You can find such warnings
in your compilation logs, for example:

No function found for symbol 'org.samples/MyRemovedClass.doSomething|3657632771909858561[0]'

Can not get instance of singleton 'MyEnumClass.REMOVED_ENTRY': No enum entry found for symbol 'org.samples/MyEnumClass.REMOVED_ENTRY|null[0]'

Function 'getMyRemovedClass' can not be called: Function uses unlinked class symbol 'org.samples/MyRemovedClass|null[0]'


You can further configure or even disable this behavior in your projects:


	If you don't want to see these warnings in your compilation logs, suppress them with the -Xpartial-linkage-loglevel=INFO compiler option.

	It's also possible to raise the severity of reported warnings to compilation errors with -Xpartial-linkage-loglevel=ERROR. In this case, the compilation fails and you'll see all the errors in the compilation log. Use this option to examine the linkage issues more closely.

	If you face unexpected problems with this feature, you can always opt out with the
-Xpartial-linkage=disable compiler option. Don't hesitate to report such cases to our issue
tracker.



// An example of passing compiler options via Gradle build file.
kotlin {
    macosX64("native") {
        binaries.executable()

        compilations.configureEach {
            compilerOptions.configure {
                // To suppress linkage warnings:
                freeCompilerArgs.add("-Xpartial-linkage-loglevel=INFO")

                // To raise linkage warnings to errors:
                freeCompilerArgs.add("-Xpartial-linkage-loglevel=ERROR")

                // To disable the feature completely:
                freeCompilerArgs.add("-Xpartial-linkage=disable")
            }
        }
    }
}


用于 C 语言互操作隐式整数转换的编译器选项

We have introduced a compiler option for C interop that allows you to use implicit integer conversions. After careful 
consideration, we've introduced this compiler option to prevent unintentional use as this feature still has room for 
improvement and our aim is to have an API of the highest quality.

In this code sample an implicit integer conversion allows options = 0 even though options
has unsigned type UInt and 0 is signed.

val today = NSDate()
val tomorrow = NSCalendar.currentCalendar.dateByAddingUnit(
    unit = NSCalendarUnitDay,
    value = 1,
    toDate = today,
    options = 0
)


To use implicit conversions with native interop libraries, use the -XXLanguage:+ImplicitSignedToUnsignedIntegerConversion
compiler option.

You can configure this in your Gradle build.gradle.kts file:

tasks.withType<org.jetbrains.kotlin.gradle.tasks.KotlinNativeCompile>().configureEach {
    compilerOptions.freeCompilerArgs.addAll(
        "-XXLanguage:+ImplicitSignedToUnsignedIntegerConversion"
    )
}


Kotlin 多平台

Kotlin Multiplatform has received some notable updates in 1.9.0 designed to improve your developer experience:


	Android 目标平台支持的变更

	默认启用新版 Android 源代码集布局

	多平台项目 Gradle 配置缓存预览版



Android 目标平台支持的变更

We continue our efforts to stabilize Kotlin Multiplatform. An essential step is to provide first-class 
support for the Android target. We're excited to announce that in the future, the Android team from Google will provide 
its own Gradle plugin to support Android in Kotlin Multiplatform.

To open the way for this new solution from Google, we're renaming the android block in the current Kotlin DSL in 1.9.0.
Please change all the occurrences of the android block to androidTarget in your build scripts. This is a temporary 
change that is necessary to free the android name for the upcoming DSL from Google.

The Google plugin will be the preferred way of working with Android in multiplatform projects. When it's ready, we'll 
provide the necessary migration instructions so that you'll be able to use the short android name as before.

默认启用新版 Android 源代码集布局

Starting with Kotlin 1.9.0, the new Android source set layout is the default. It replaced the previous naming schema for 
directories, which was confusing in multiple ways. The new layout has a number of advantages:


	Simplified type semantics – The new Android source layout provides clear and consistent naming conventions that help to distinguish between different types of source sets.

	Improved source directory layout – With the new layout, the SourceDirectories arrangement becomes more coherent, making it easier to organize code and locate source files.

	Clear naming schema for Gradle configurations – The schema is now more consistent and predictable in both KotlinSourceSets and AndroidSourceSets.



The new layout requires the Android Gradle plugin version 7.0 or later and is supported in Android Studio 2022.3 and later. See our
migration guide to make the necessary changes in your build.gradle(.kts) file.

Gradle 配置缓存预览版



Kotlin 1.9.0 comes with support for the Gradle configuration cache
in multiplatform libraries. If you're a library author, you can already benefit from the improved build performance.

The Gradle configuration cache speeds up the build process by reusing the results of the configuration phase for subsequent
builds. The feature has become Stable since Gradle 8.1. To enable it, follow the instructions in the Gradle documentation.


The Kotlin Multiplatform plugin still doesn't support the Gradle configuration cache with Xcode integration tasks or the
Kotlin CocoaPods Gradle plugin. We expect to add this feature in future Kotlin releases.
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Kotlin/Wasm

The Kotlin team continues to experiment with the new Kotlin/Wasm target. This release introduces several performance and
size-related optimizations, along with updates in JavaScript interop.

尺寸相关的优化

Kotlin 1.9.0 introduces significant size improvements for WebAssembly (Wasm) projects. Comparing two "Hello World" projects, 
the code footprint for Wasm in Kotlin 1.9.0 is now over 10 times smaller than in Kotlin 1.8.20.

[image: Kotlin/Wasm size-related optimizations]

These size optimizations result in more efficient resource utilization and improved performance when targeting Wasm 
platforms with Kotlin code.

JavaScript 互操作更新

This Kotlin update introduces changes to the interoperability between Kotlin and JavaScript for Kotlin/Wasm. As Kotlin/Wasm
is an Experimental feature, certain limitations apply to its 
interoperability.

动态类型的限制

Starting with version 1.9.0, Kotlin no longer supports the use of Dynamic types in Kotlin/Wasm. This is now deprecated
in favor of the new universal JsAny type, which facilitates JavaScript interoperability.

For more details, see the Kotlin/Wasm interoperability with JavaScript documentation.

非外部类型的限制

Kotlin/Wasm supports conversions for specific Kotlin static types when passing values to and from JavaScript. These supported
types include:


	Primitives, such as signed numbers, Boolean, and Char.

	String.

	Function types.



Other types were passed without conversion as opaque references, leading to inconsistencies between JavaScript and Kotlin
subtyping.

To address this, Kotlin restricts JavaScript interop to a well-supported set of types. Starting from Kotlin 1.9.0, only external,
primitive, string, and function types are supported in Kotlin/Wasm JavaScript interop. Furthermore, a separate explicit type called
JsReference has been introduced to represent handles to Kotlin/Wasm objects that can be used in JavaScript interop.

For more details, refer to the Kotlin/Wasm interoperability with JavaScript documentation.

Kotlin Playground 中的 Kotlin/Wasm

Kotlin Playground supports the Kotlin/Wasm target.
You can write, run, and share your Kotlin code that targets the Kotlin/Wasm. Check it out!


Using Kotlin/Wasm requires enabling experimental features in your browser.

Learn more about how to enable these features.
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import kotlin.time.*
import kotlin.time.measureTime

fun main() {
    println("Hello from Kotlin/Wasm!")
    computeAck(3, 10)
}

tailrec fun ack(m: Int, n: Int): Int = when {
    m == 0 -> n + 1
    n == 0 -> ack(m - 1, 1)
    else -> ack(m - 1, ack(m, n - 1))
}

fun computeAck(m: Int, n: Int) {
    var res = 0
    val t = measureTime {
        res = ack(m, n)
    }
    println()
    println("ack($m, $n) = ${res}")
    println("duration: ${t.inWholeNanoseconds / 1e6} ms")
}


Kotlin/JS

This release introduces updates for Kotlin/JS, including the removal of the old Kotlin/JS compiler, Kotlin/JS Gradle plugin deprecation and Experimental
support for ES2015:


	删除旧版 Kotlin/JS 编译器

	弃用 Kotlin/JS Gradle 插件

	弃用外部枚举

	对 ES2015 类与模块的实验性支持

	变更了 JS 生产分发的默认位置

	从 stdlib-js 中提出 org.w3c 声明




Starting from version 1.9.0, partial library linkage is also enabled for Kotlin/JS.
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删除旧版 Kotlin/JS 编译器

In Kotlin 1.8.0, we announced that the IR-based backend became Stable.
Since then, not specifying the compiler has become an error, and using the old compiler leads to warnings.

In Kotlin 1.9.0, using the old backend results in an error. Please migrate to the IR compiler by following our migration guide.

弃用 Kotlin/JS Gradle 插件

Starting with Kotlin 1.9.0, the kotlin-js Gradle plugin is
deprecated. We encourage you to use the kotlin-multiplatform Gradle plugin with the js() target instead.

The functionality of the Kotlin/JS Gradle plugin essentially duplicated the kotlin-multiplatform plugin and shared the
same implementation under the hood. This overlap created confusion and increased maintenance load on the Kotlin team.

Refer to our Compatibility guide for Kotlin Multiplatform 
for migration instructions. If you find any issues that aren't covered in the guide, please report them to our issue tracker.

弃用外部枚举

In Kotlin 1.9.0, the use of external enums will be deprecated due to issues with static enum members like entries, that
can't exist outside Kotlin. We recommend using an external sealed class with object subclasses instead:

// Before
external enum class ExternalEnum { A, B }

// After
external sealed class ExternalEnum {
    object A: ExternalEnum
    object B: ExternalEnum
}


By switching to an external sealed class with object subclasses, you can achieve similar functionality to external enums
while avoiding the problems associated with default methods.

Starting from Kotlin 1.9.0, the use of external enums will be marked as deprecated. We encourage you to update your code
to utilize the suggested external sealed class implementation for compatibility and future maintenance.

对 ES2015 类与模块的实验性支持

This release introduces Experimental support for ES2015 modules and generation of ES2015 classes:


	Modules offer a way to simplify your codebase and improve maintainability.

	Classes allow you to incorporate object-oriented programming (OOP) principles, resulting in cleaner and more intuitive code.



To enable these features, update your build.gradle.kts file accordingly:

// build.gradle.kts
kotlin {
    js(IR) {
        useEsModules() // Enables ES2015 modules
        browser()
    }
}

// Enables ES2015 classes generation
tasks.withType<KotlinJsCompile>().configureEach {
    kotlinOptions {
        useEsClasses = true
    }
}


Learn more about ES2015 (ECMAScript 2015, ES6) in the official documentation.

变更了 JS 生产分发的默认位置

Prior to Kotlin 1.9.0, the distribution target directory was build/distributions. However, this is a common directory 
for Gradle archives. To resolve this issue, we've changed the default distribution target directory in Kotlin 1.9.0 to: 
build/dist/<targetName>/<binaryName>.

For example, productionExecutable was in build/distributions. In Kotlin 1.9.0, it's in build/dist/js/productionExecutable.


If you have a pipeline in place that uses the results of these builds, make sure to update the directory.
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从 stdlib-js 中提出 org.w3c 声明

Since Kotlin 1.9.0, the stdlib-js no longer includes org.w3c declarations. Instead, these declarations have been 
moved to a separate Gradle dependency. When you add the Kotlin Multiplatform Gradle plugin to your build.gradle.kts file,
these declarations will be automatically included in your project, similar to the standard library.

There is no need for any manual action or migration. The necessary adjustments will be handled automatically.

Gradle

Kotlin 1.9.0 comes with new Gradle compiler options and a lot more:


	删除了 classpath 属性

	新版 Gradle 编译器选项

	用于 Kotlin/JVM 的项目级编译器选项

	用于 Kotlin/Native 模块名的编译器选项

	官方 Kotlin 库的独立编译器插件

	最低支持版本递增

	kapt 不会导致及早任务创建

	JVM 目标平台验证模式的编程化配置



删除了 classpath 属性

In Kotlin 1.7.0, we announced the start of a deprecation cycle for the KotlinCompile task's property: classpath. The
deprecation level was raised to ERROR in Kotlin 1.8.0. In this release, we've finally removed the classpath property. 
All compile tasks should now use the libraries input for a list of libraries required for compilation.

新版编译器选项

The Kotlin Gradle plugin now provides new properties for opt-ins and the compiler's progressive mode.


	To opt in to new APIs, you can now use the optIn property and pass a list of strings like: optIn.set(listOf(a, b, c)).

	To enable progressive mode, use progressiveMode.set(true).



用于 Kotlin/JVM 的项目级编译器选项

Starting with Kotlin 1.9.0, a new compilerOptions block is available inside the kotlin configuration block:

kotlin {
    compilerOptions {
        jvmTarget.set(JVM.Target_11)
    }
}


It makes configuring compiler options much easier. However, it is important to note some important details:


	This configuration only works on the project level.

	For the Android plugin, this block configures the same object as:



android {
    kotlinOptions {}
}



	The android.kotlinOptions and kotlin.compilerOptions configuration blocks override each other. The last (lowest) block in the build file always takes effect.

	If moduleName is configured on the project level, its value could be changed when passed to the compiler. It's not the case for the main compilation, but for other types, for example, test sources, the Kotlin Gradle plugin will add the  _test suffix.

	The configuration inside the tasks.withType<KotlinJvmCompile>().configureEach {} (or tasks.named<KotlinJvmCompile>("compileKotlin") { }) overrides both kotlin.compilerOptions and android.kotlinOptions.



用于 Kotlin/Native 模块名的编译器选项

The Kotlin/Native module-name compiler option is now easily available
in the Kotlin Gradle plugin.

This option specifies a name for the compilation module and can also be used for adding a name prefix for declarations
exported to Objective-C.

You can now set the module name directly in the compilerOptions block of your Gradle build files:




【Kotlin】



tasks.named<org.jetbrains.kotlin.gradle.tasks.KotlinNativeCompile>("compileKotlinLinuxX64") {
    compilerOptions {
        moduleName.set("my-module-name")
    }
}





【Groovy】



tasks.named("compileKotlinLinuxX64", org.jetbrains.kotlin.gradle.tasks.KotlinNativeCompile.class) {
    compilerOptions {
        moduleName = "my-module-name"
    }
}




官方 Kotlin 库的独立编译器插件

Kotlin 1.9.0 introduces separate compiler plugins for its official libraries. Previously, compiler plugins were embedded
into their corresponding Gradle plugins. This could cause compatibility issues in case the compiler plugin was compiled 
against a Kotlin version higher than the Gradle build's Kotlin runtime version.

Now compiler plugins are added as separate dependencies, so you'll no longer face compatibility issues with older Gradle
versions. Another major advantage of the new approach is that new compiler plugins can be used with other build systems 
like Bazel.

Here's the list of new compiler plugins we're now publishing to Maven Central:


	kotlin-atomicfu-compiler-plugin

	kotlin-allopen-compiler-plugin

	kotlin-lombok-compiler-plugin

	kotlin-noarg-compiler-plugin

	kotlin-sam-with-receiver-compiler-plugin

	kotlinx-serialization-compiler-plugin



Every plugin has its -embeddable counterpart, for example, kotlin-allopen-compiler-plugin-embeddable is designed for 
working with the kotlin-compiler-embeddable artifact, the default option for scripting artifacts.

Gradle adds these plugins as compiler arguments. You don't need to make any changes to your existing projects.

最低支持版本递增

Starting with Kotlin 1.9.0, the minimum supported Android Gradle plugin version is 4.2.2.

See the Kotlin Gradle plugin's compatibility with available Gradle versions in our documentation.

kapt 不会在 Gradle 中及早任务创建

Prior to 1.9.0, the kapt compiler plugin caused eager task creation by requesting the configured instance of 
the Kotlin compilation task. This behavior has been fixed in Kotlin 1.9.0. If you use the default configuration for your 
build.gradle.kts file then your setup is not affected by this change.


If you use a custom configuration, your setup will be adversely affected.
For example, if you have modified the KotlinJvmCompile task using Gradle's tasks API, you must similarly modify the KaptGenerateStubs
task in your build script.

For example, if your script has the following configuration for the KotlinJvmCompile task:

tasks.named<KotlinJvmCompile>("compileKotlin") { // Your custom configuration }


In this case, you need to make sure that the same modification is included as part of the KaptGenerateStubs task:

tasks.named<KaptGenerateStubs>("kaptGenerateStubs") { // Your custom configuration }
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For more information, see our YouTrack ticket.

JVM 目标平台验证模式的编程化配置

Before Kotlin 1.9.0, there was only one way to adjust the detection of JVM target incompatibility between Kotlin and Java.
You had to set kotlin.jvm.target.validation.mode=ERROR in your gradle.properties for the whole project.

You can now also configure it on the task level in your build.gradle.kts file:

tasks.named<org.jetbrains.kotlin.gradle.tasks.KotlinJvmCompile>("compileKotlin") {
    jvmTargetValidationMode.set(org.jetbrains.kotlin.gradle.dsl.jvm.JvmTargetValidationMode.WARNING)
}


标准库

Kotlin 1.9.0 has some great improvements for the standard library:


	..< 操作符与时间 API 已稳定。

	Kotlin/Native 标准库已彻底审阅并更新

	@Volatile 注解可以在更多平台上使用

	有了按名称获取正则表达式捕获组的公共函数

	引入了 HexFormat 类来格式化与解析十六进制



稳定版用于前闭后开区间的 ..< 操作符

The new ..< operator for open-ended ranges that was introduced in Kotlin 1.7.20
and became Stable in 1.8.0. In 1.9.0, the standard library API for working with open-ended ranges is also Stable.

Our research shows that the new ..< operator makes it easier to understand when an open-ended range is declared. If you
use the until infix function, it's easy to make
the mistake of assuming that the upper bound is included.

Here is an example using the until function:

fun main() {
    for (number in 2 until 10) {
        if (number % 2 == 0) {
            print("$number ")
        }
    }
    // 2 4 6 8
}


And here is an example using the new ..< operator:

fun main() {
    for (number in 2..<10) {
        if (number % 2 == 0) {
            print("$number ")
        }
    }
    // 2 4 6 8
}



From IntelliJ IDEA version 2023.1.1, a new code inspection is available that highlights when you
can use the ..< operator.
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For more information about what you can do with this operator, see What's new in Kotlin 1.7.20.

稳定版时间 API

Since 1.3.50, we have previewed a new time measurement API. The duration part of the API became Stable in 1.6.0. In 1.9.0,
the remaining time measurement API is Stable.

The old time API provided the measureTimeMillis and measureNanoTime functions, which aren't intuitive to use. Although it 
is clear that they both measure time in different units, it isn't clear that measureTimeMillisuses a wall clock
to measure time, whereas measureNanoTime uses a monotonic time source. The new time API resolves this and other issues
to make the API more user friendly.

With the new time API, you can easily:


	Measure the time taken to execute some code using a monotonic time source with your desired time unit.

	Mark a moment in time.

	Compare and find the difference between two moments in time.

	Check how much time has passed since a specific moment in time.

	Check whether the current time has passed a specific moment in time.



测量代码执行时间

To measure the time taken to execute a block of code, use the measureTime
inline function.

To measure the time taken to execute a block of code and return the result of the block of code, use the 
measureTimedValue inline function.

By default, both functions use a monotonic time source. However, if you want to use an elapsed real-time source, you can.
For example, on Android the default time source System.nanoTime()
only counts time while the device is active. It loses track of time when the device enters deep sleep. To keep track of
time while the device is in deep sleep, you can create a time source that uses SystemClock.elapsedRealtimeNanos())
instead:

object RealtimeMonotonicTimeSource : AbstractLongTimeSource(DurationUnit.NANOSECONDS) {
    override fun read(): Long = SystemClock.elapsedRealtimeNanos()
}


标记并测量时间上的差异

To mark a specific moment in time, use the TimeSource
interface and the markNow() function
to create a TimeMark. To measure differences between
TimeMarks from the same time source, use the subtraction operator (-):

import kotlin.time.*

fun main() {
    val timeSource = TimeSource.Monotonic
    val mark1 = timeSource.markNow()
    Thread.sleep(500) // Sleep 0.5 seconds.
    val mark2 = timeSource.markNow()

    repeat(4) { n ->
        val mark3 = timeSource.markNow()
        val elapsed1 = mark3 - mark1
        val elapsed2 = mark3 - mark2

        println("Measurement 1.${n + 1}: elapsed1=$elapsed1, elapsed2=$elapsed2, diff=${elapsed1 - elapsed2}")
    }
    // It's also possible to compare time marks with each other.
    println(mark2 > mark1) // This is true, as mark2 was captured later than mark1.
}


To check if a deadline has passed or a timeout has been reached, use the hasPassedNow()
and hasNotPassedNow() 
extension functions:

import kotlin.time.*
import kotlin.time.Duration.Companion.seconds

fun main() {
    val timeSource = TimeSource.Monotonic
    val mark1 = timeSource.markNow()
    val fiveSeconds: Duration = 5.seconds
    val mark2 = mark1 + fiveSeconds

    // It hasn't been 5 seconds yet
    println(mark2.hasPassedNow())
    // false

    // Wait six seconds
    Thread.sleep(6000)
    println(mark2.hasPassedNow())
    // true
}


Kotlin/Native 标准库的稳定之旅

As our standard library for Kotlin/Native continues to grow, we decided that it was time for a complete review to ensure
that it meets our high standards. As part of this, we carefully reviewed every existing public signature. For each 
signature, we considered whether it:


	Has a unique purpose.

	Is consistent with other Kotlin APIs.

	Has similar behavior to its counterpart for the JVM.

	Is future-proof.



Based on these considerations, we made one of the following decisions:


	Made it Stable.

	Made it Experimental.

	Marked it as private.

	Modified its behavior.

	Moved it to a different location.

	Deprecated it.

	Marked it as obsolete.




If an existing signature has been:


	Moved to another package, then the signature still exists in the original package but it's now deprecated with deprecation level: WARNING. IntelliJ IDEA will automatically suggest replacements upon code inspection.

	Deprecated, then it's been deprecated with deprecation level: WARNING.

	Marked as obsolete, then you can keep using it, but it will be replaced in future.
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We won't list all of the results of the review here, but here are some of the highlights:


	We stabilized the Atomics API.

	We made kotlinx.cinterop Experimental and now require different opt-ins for the package to be used. For more information, see Explicit C-interoperability stability guarantees.

	We marked the Worker class and its related APIs as obsolete.

	We marked the BitSet class as obsolete.

	We marked all public APIs in the kotlin.native.internal package as private or moved them to other packages.



显式 C 语言互操作性的稳定性保证

To maintain the high quality of our API, we decided to make kotlinx.cinterop
Experimental. Although kotlinx.cinterop has been thoroughly tried and tested, there is still room for improvement before
we are satisfied enough to make it Stable. We recommend that you use this API for interoperability but that you try to 
confine its use to specific areas in your projects. This will make your migration easier once we begin evolving this API
to make it Stable.

If you want to use C-like foreign APIs such as pointers, you must opt in with @OptIn(ExperimentalForeignApi), otherwise
your code won't compile.

To use the remainder of kotlinx.cinterop, which covers Objective-C/Swift interoperability, you must opt in with 
@OptIn(BetaInteropApi). If you try to use this API without the opt-in, your code will compile but the compiler will 
raise warnings that provide a clear explanation of what behavior you can expect.

For more information about these annotations, see our source code for Annotations.kt.

For more information on all of the changes as part of this review, see our YouTrack ticket.

We'd appreciate any feedback you might have! You can provide your feedback directly by commenting on the ticket.

稳定版 @Volatile 注解

If you annotate a var property with @Volatile, then the backing field is marked so that any reads or writes to this 
field are atomic, and writes are always made visible to other threads.

Prior to 1.8.20, the kotlin.jvm.Volatile annotation
was available in the common standard library. However, this annotation was only effective on the JVM. If you used it on 
other platforms, it was ignored, which led to errors.

In 1.8.20, we introduced an experimental common annotation, kotlin.concurrent.Volatile, which you could preview in both
the JVM and Kotlin/Native.

In 1.9.0, kotlin.concurrent.Volatile is Stable. If you use kotlin.jvm.Volatile in your multiplatform projects, we 
recommend that you migrate to kotlin.concurrent.Volatile.

新增按名称获取正则表达式捕获组的公共函数

Prior to 1.9.0, every platform had its own extension to get a regular expression capture group by its name from a regular
expression match. However there was no common function. It wasn't possible to have a common function prior to Kotlin 1.8.0,
because the standard library still supported JVM targets 1.6 and 1.7.

As of Kotlin 1.8.0, the standard library is compiled with JVM target 1.8. So in 1.9.0, there is now a common
groups function that you can use to 
retrieve a group's contents by its name for a regular expression match. This is useful when you want to access the results
of regular expression matches belonging to a particular capture group.

Here is an example with a regular expression containing three capture groups: city, state, and areaCode. You
can use these group names to access the matched values:

fun main() {
    val regex = """\b(?<city>[A-Za-z\s]+),\s(?<state>[A-Z]{2}):\s(?<areaCode>[0-9]{3})\b""".toRegex()
    val input = "Coordinates: Austin, TX: 123"

    val match = regex.find(input)!!
    println(match.groups["city"]?.value)
    // Austin
    println(match.groups["state"]?.value)
    // TX
    println(match.groups["areaCode"]?.value)
    // 123
}


新增用于创建父目录路径的实用程序

In 1.9.0 there is a new createParentDirectories() extension function that you can use to create a new file with all 
the necessary parent directories. When you provide a file path to createParentDirectories() it checks whether the parent 
directories already exist. If they do, it does nothing. However, if they do not, it creates them for you.

createParentDirectories() is particularly useful when you are copying files. For example, you can use it in combination
with the copyToRecursively() function:

sourcePath.copyToRecursively(
    destinationPath.createParentDirectories(), 
    followLinks = false
 )


新增 HexFormat 类用于格式化与解析十六进制


The new HexFormat class and its related extension functions are Experimental,
and to use them, you can opt in with @OptIn(ExperimentalStdlibApi::class) or the compiler argument
-opt-in=kotlin.ExperimentalStdlibApi.
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In 1.9.0, the HexFormat class and its related 
extension functions are provided as an Experimental feature that allows you to convert between numerical values and 
hexadecimal strings. Specifically, you can use the extension functions to convert between hexadecimal strings and 
ByteArrays or other numeric types (Int, Short, Long).

For example:

println(93.toHexString()) // "0000005d"


The HexFormat class includes formatting options that you can configure with the HexFormat{} builder.

If you are working with ByteArrays you have the following options, which are configurable by properties:




	Option
	Description





	upperCase
	Whether hexadecimal digits are upper or lower case. By default, lower case is assumed. upperCase = false.



	bytes.bytesPerLine
	The maximum number of bytes per line.



	bytes.bytesPerGroup
	The maximum number of bytes per group.



	bytes.bytesSeparator
	The separator between bytes. Nothing by default.



	bytes.bytesPrefix
	The string that immediately precedes a two-digit hexadecimal representation of each byte, nothing by default.



	bytes.bytesSuffix
	The string that immediately succeeds a two-digit hexadecimal representation of each byte, nothing by default.





For example:

val macAddress = "001b638445e6".hexToByteArray()

// Use HexFormat{} builder to separate the hexadecimal string by colons
println(macAddress.toHexString(HexFormat { bytes.byteSeparator = ":" }))
// "00:1b:63:84:45:e6"

// Use HexFormat{} builder to:
// * Make the hexadecimal string uppercase
// * Group the bytes in pairs
// * Separate by periods
val threeGroupFormat = HexFormat { upperCase = true; bytes.bytesPerGroup = 2; bytes.groupSeparator = "." }

println(macAddress.toHexString(threeGroupFormat))
// "001B.6384.45E6"


If you are working with numeric types, you have the following options, which are configurable by properties:




	Option
	Description





	number.prefix
	The prefix of a hexadecimal string, nothing by default.



	number.suffix
	The suffix of a hexadecimal string, nothing by default.



	number.removeLeadingZeros
	Whether to remove leading zeros in a hexadecimal string. By default, no leading zeros are removed. number.removeLeadingZeros = false





For example:

// Use HexFormat{} builder to parse a hexadecimal that has prefix: "0x".
println("0x3a".hexToInt(HexFormat { number.prefix = "0x" })) // "58"


文档更新

The Kotlin documentation has received some notable changes:


	The tour of Kotlin – Learn the fundamentals of the Kotlin programming language with chapters including both theory and practice.

	Android source set layout – Learn about the new Android source set layout.

	Compatibility guide for Kotlin Multiplatform – Learn about the incompatible changes you might encounter while developing projects with Kotlin Multiplatform.

	Kotlin Wasm – Learn about Kotlin/Wasm and how you can use it in your Kotlin Multiplatform projects.



安装 Kotlin 1.9.0

检查 IDE 版本

IntelliJ IDEA 2022.3.3 and 2023.1.1 automatically suggest updating the Kotlin
plugin to version 1.9.0. IntelliJ IDEA 2023.2 will include the Kotlin 1.9.0 plugin.

Android Studio Giraffe (223) and Hedgehog (231) will support Kotlin 1.9.0 in their upcoming releases.

The new command-line compiler is available for download on the GitHub release page.

配置 Gradle 设置

To download Kotlin artifacts and dependencies, update your settings.gradle(.kts) file to use the Maven Central repository:

pluginManagement {
    repositories {
        mavenCentral()
        gradlePluginPortal()
    }
}


If the repository is not specified, Gradle uses the sunset JCenter repository, which could lead to issues with Kotlin artifacts.

Kotlin 1.9.0 的兼容性指南

Kotlin 1.9.0 is a feature release and can, therefore, 
bring changes that are incompatible with your code written for earlier versions of the language. Find the detailed list 
of these changes in the Compatibility guide for Kotlin 1.9.0.


        

    



        
    



        

    
        Kotlin 1.8.0

        
            Kotlin 1.8.0 的新特性

发布于：2022-12-28

The Kotlin 1.8.0 release is out and here are some of its biggest highlights:


	JVM 平台新增实验性函数：递归复制或删除目录内容

	改进了 kotlin-reflect 性能

	新增 -Xdebug 编译器选项以提供更好的调试体验

	kotlin-stdlib-jdk7 与 kotlin-stdlib-jdk8 合并进了 kotlin-stdlib

	改进了 Objective-C/Swift 互操作性

	与 Gradle 7.3 的兼容性



IDE 支持

The Kotlin plugin that supports 1.8.0 is available for:




	IDE
	所支持版本





	IntelliJ IDEA
	2021.3、 2022.1、 2022.2



	Android Studio
	Electric Eel（221）、 Flamingo（222）






You can update your projects to Kotlin 1.8.0 in IntelliJ IDEA 2022.3 without updating the IDE plugin.

To migrate existing projects to Kotlin 1.8.0 in IntelliJ IDEA 2022.3, change the Kotlin version to 1.8.0 and reimport
your Gradle or Maven project.
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Kotlin/JVM

Starting with version 1.8.0, the compiler can generate classes with a bytecode version corresponding to JVM 19.
The new language version also includes:


	关闭 JVM 注解目标生成的编译器选项

	用于禁用优化的新增 -Xdebug 编译器选项

	删除旧版后端

	支持 Lombok 的 @Builder 注解



不生成 TYPE_USE 与 TYPE_PARAMETER 注解目标的能力

If a Kotlin annotation has TYPE among its Kotlin targets, the annotation maps to java.lang.annotation.ElementType.TYPE_USE
in its list of Java annotation targets. This is just like how the TYPE_PARAMETER Kotlin target maps to
the java.lang.annotation.ElementType.TYPE_PARAMETER Java target. This is an issue for Android clients with API levels
less than 26, which don't have these targets in the API.

Starting with Kotlin 1.8.0, you can use the new compiler option -Xno-new-java-annotation-targets to avoid generating
the TYPE_USE and TYPE_PARAMETER annotation targets.

用于禁用优化的新增编译器选项

Kotlin 1.8.0 adds a new -Xdebug compiler option, which disables optimizations for a better debugging experience.
For now, the option disables the "was optimized out" feature for coroutines. In the future, after we add more optimizations,
this option will disable them, too.

The "was optimized out" feature optimizes variables when you use suspend functions. However, it is difficult to debug code
with optimized variables because you don't see their values.


Never use this option in production: Disabling this feature via -Xdebug can
cause memory leaks.
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删除旧版后端

In Kotlin 1.5.0, we announced that the IR-based backend became Stable. 
That meant that the old backend from Kotlin 1.4.* was deprecated. In Kotlin 1.8.0, we've removed the old backend completely.
By extension, we've removed the compiler option -Xuse-old-backend and the Gradle useOldBackend option.

支持 Lombok 的 @Builder 注解

The community has added so many votes for the Kotlin Lombok: Support generated builders (@Builder)
YouTrack issue that we just had to support the @Builder annotation.

We don't yet have plans to support the @SuperBuilder or @Tolerate annotations, but we'll reconsider if enough people
vote for the @SuperBuilder and
@Tolerate issues.

Learn how to configure the Lombok compiler plugin.

Kotlin/Native

Kotlin 1.8.0 includes changes to Objective-C and Swift interoperability, support for Xcode 14.1, and improvements to
the CocoaPods Gradle plugin:


	支持 Xcode 14.1

	改进了 Objective-C/Swift 互操作性

	CocoaPods Gradle 插件中默认动态 framework



支持 Xcode 14.1

The Kotlin/Native compiler now supports the latest stable Xcode version, 14.1. The compatibility improvements include
the following changes:


	There's a new watchosDeviceArm64 preset for the watchOS target that supports Apple watchOS on ARM64 platforms.

	The Kotlin CocoaPods Gradle plugin no longer has bitcode embedding for Apple frameworks by default.

	Platform libraries were updated to reflect the changes to Objective-C frameworks for Apple targets.



改进了 Objective-C/Swift 互操作性

To make Kotlin more interoperable with Objective-C and Swift, three new annotations were added:


	@ObjCName allows you to specify a more
idiomatic name in Swift or Objective-C, instead of renaming the Kotlin declaration.

The annotation instructs the Kotlin compiler to use a custom Objective-C and Swift name for this class, property, parameter, or function:

 @ObjCName(swiftName = "MySwiftArray")
 class MyKotlinArray {
     @ObjCName("index")
     fun indexOf(@ObjCName("of") element: String): Int = TODO()
 }

 // Usage with the ObjCName annotations
 let array = MySwiftArray()
 let index = array.index(of: "element")




	@HiddenFromObjC allows you to hide
a Kotlin declaration from Objective-C.

The annotation instructs the Kotlin compiler not to export a function or property to Objective-C and, consequently, Swift.
This can make your Kotlin code more Objective-C/Swift-friendly.



	@ShouldRefineInSwift is useful for
replacing a Kotlin declaration with a wrapper written in Swift.

The annotation instructs the Kotlin compiler to mark a function or property as swift_private in the generated
Objective-C API. Such declarations get the __ prefix, which makes them invisible to Swift code.

You can still use these declarations in your Swift code to create a Swift-friendly API, but they won't be suggested
by Xcode's autocompletion, for example.

For more information on refining Objective-C declarations in Swift, see the
official Apple documentation.






The new annotations require opt-in.
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The Kotlin team is very grateful to Rick Clephas for implementing these annotations.

CocoaPods Gradle 插件中默认动态 framework

Starting with Kotlin 1.8.0, Kotlin frameworks registered by the CocoaPods Gradle plugin are linked dynamically by default.
The previous static implementation was inconsistent with the behavior of the Kotlin Gradle plugin.

kotlin {
    cocoapods {
        framework {
            baseName = "MyFramework"
            isStatic = false // Now dynamic by default
        }
    }
}


If you have an existing project with a static linking type and you upgrade to Kotlin 1.8.0 (or change the linking type
explicitly), you may encounter an error with the project's execution. To fix it, close your Xcode project and
run pod install in the Podfile directory.

For more information, see the CocoaPods Gradle plugin DSL reference.

Kotlin 多平台：新版 Android 源代码集布局

Kotlin 1.8.0 introduces a new Android source set layout that replaces the previous naming schema for directories, which
is confusing in multiple ways.

Consider an example of two androidTest directories created in the current layout. One is for KotlinSourceSets and
the other is for AndroidSourceSets:


	They have different semantics: Kotlin's androidTest belongs to the unitTest type, whereas Android's belongs to
the integrationTest type.

	They create a confusing SourceDirectories layout, as
src/androidTest/kotlin has a UnitTest and src/androidTest/java has an InstrumentedTest.

	Both KotlinSourceSets and AndroidSourceSets use a similar naming schema for Gradle configurations, so the resulting
configurations of androidTest for both Kotlin's and Android's source sets are the same: androidTestImplementation,
androidTestApi, androidTestRuntimeOnly, and androidTestCompileOnly.



To address these and other existing issues, we've introduced a new Android source set layout.
Here are some of the key differences between the two layouts:

KotlinSourceSet 命名模式




	当前源代码集布局
	新版源代码集布局





	targetName + AndroidSourceSet.name
	targetName + AndroidVariantType





{AndroidSourceSet.name} maps to {KotlinSourceSet.name} as follows:




	
	当前源代码集布局
	新版源代码集布局





	main
	androidMain
	androidMain



	test
	androidTest
	androidUnitTest



	androidTest
	androidAndroidTest
	androidInstrumentedTest





SourceDirectories




	当前源代码集布局
	新版源代码集布局





	The layout adds additional /kotlin SourceDirectories
	src/{AndroidSourceSet.name}/kotlin, src/{KotlinSourceSet.name}/kotlin





{AndroidSourceSet.name} maps to {SourceDirectories included} as follows:




	
	当前源代码集布局
	新版源代码集布局





	main
	src/androidMain/kotlin, src/main/kotlin, src/main/java
	src/androidMain/kotlin, src/main/kotlin, src/main/java



	test
	src/androidTest/kotlin, src/test/kotlin, src/test/java
	src/androidUnitTest/kotlin, src/test/kotlin, src/test/java



	androidTest
	src/androidAndroidTest/kotlin, src/androidTest/java
	src/androidInstrumentedTest/kotlin, src/androidTest/java, src/androidTest/kotlin





AndroidManifest.xml 文件的位置




	当前源代码集布局
	新版源代码集布局





	src/{AndroidSourceSet.name}/AndroidManifest.xml
	src/{KotlinSourceSet.name}/AndroidManifest.xml





{AndroidSourceSet.name} maps to{AndroidManifest.xml location} as follows:




	
	当前源代码集布局
	新版源代码集布局





	main
	src/main/AndroidManifest.xml
	src/androidMain/AndroidManifest.xml



	debug
	src/debug/AndroidManifest.xml
	src/androidDebug/AndroidManifest.xml





The relation between Android and common tests

The new Android source set layout changes the relation between Android-instrumented tests (renamed to androidInstrumentedTest in the new layout)
and common tests.

Previously, there was a default dependsOn relation between androidAndroidTest and commonTest. In practice, it meant the following:


	The code in commonTest was available in androidAndroidTest.

	expect declarations in commonTest had to have corresponding actual implementations in androidAndroidTest.

	Tests declared in commonTest were also running as Android instrumented tests.



In the new Android source set layout, the dependsOn relation is not added by default. If you prefer the previous behavior,
manually declare this relation in your build.gradle.kts file:

kotlin {
    // ...
    sourceSets {
        val commonTest by getting
        val androidInstrumentedTest by getting {
            dependsOn(commonTest)
        }
    }
}


Support for Android flavors

Previously, the Kotlin Gradle plugin eagerly created source sets that correspond to Android source sets with debug and
release build types or custom flavors like demo and full.
It made them accessible by constructions like val androidDebug by getting { ... }.

In the new Android source set layout, those source sets are created in the afterEvaluate phase. It makes such expressions invalid,
leading to errors like org.gradle.api.UnknownDomainObjectException: KotlinSourceSet with name 'androidDebug' not found.

To work around that, use the new invokeWhenCreated() API in your build.gradle.kts file:

kotlin {
    // ...
    sourceSets.invokeWhenCreated("androidFreeDebug") {
        // ...
    }
}


配置与设置

The new layout will become the default in future releases. You can enable it now with the following Gradle option:

kotlin.mpp.androidSourceSetLayoutVersion=2


The new layout requires Android Gradle plugin 7.0 or later and is supported in Android Studio 2022.3 and later.
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The usage of the previous Android-style directories is now discouraged. Kotlin 1.8.0 marks the start of the deprecation
cycle, introducing a warning for the current layout. You can suppress the warning with the following Gradle property:

kotlin.mpp.androidSourceSetLayoutVersion1.nowarn=true

Kotlin/JS

Kotlin 1.8.0 stabilizes the JS IR compiler backend and brings new features to JavaScript-related Gradle build scripts:


	稳定版 JS IR 编译器后端

	报告 yarn.lock 已更新的新设置

	通过 Gradle 属性添加浏览器测试目标

	向项目添加 CSS 支持的新方式



稳定版 JS IR 编译器后端

Starting with this release, the Kotlin/JS intermediate representation (IR-based) compiler backend is
Stable. It took a while to unify infrastructure for all three backends, but they now work with the same IR for Kotlin code.

As a consequence of the stable JS IR compiler backend, the old one is deprecated from now on.

Incremental compilation is enabled by default along with the stable JS IR compiler.

If you still use the old compiler, switch your project to the new backend with the help of our migration guide.

报告 yarn.lock 已更新的新设置

If you use the yarn package manager, there are three new special Gradle settings that could notify you if the yarn.lock
file has been updated. You can use these settings when you want to be notified if yarn.lock has been changed silently
during the CI build process.

These three new Gradle properties are:


	YarnLockMismatchReport, which specifies how changes to the yarn.lock file are reported. You can use one of the
following values:
	FAIL fails the corresponding Gradle task. This is the default.

	WARNING writes the information about changes in the warning log.

	NONE disables reporting.





	reportNewYarnLock, which reports about the recently created yarn.lock file explicitly. By default, this option is
disabled: it's a common practice to generate a new yarn.lock file at the first start. You can use this option to
ensure that the file has been committed to your repository.

	yarnLockAutoReplace, which replaces yarn.lock automatically every time the Gradle task is run.



To use these options, update your build script file build.gradle.kts as follows:

import org.jetbrains.kotlin.gradle.targets.js.yarn.YarnLockMismatchReport
import org.jetbrains.kotlin.gradle.targets.js.yarn.YarnRootExtension

rootProject.plugins.withType(org.jetbrains.kotlin.gradle.targets.js.yarn.YarnPlugin::class.java) {
    rootProject.the<YarnRootExtension>().yarnLockMismatchReport =
        YarnLockMismatchReport.WARNING // NONE | FAIL
    rootProject.the<YarnRootExtension>().reportNewYarnLock = false // true
    rootProject.the<YarnRootExtension>().yarnLockAutoReplace = false // true
}


通过 Gradle 属性添加浏览器测试目标

Starting with Kotlin 1.8.0, you can set test targets for different browsers right in the Gradle properties file. Doing so
shrinks the size of the build script file as you no longer need to write all targets in build.gradle.kts.

You can use this property to define a list of browsers for all modules, and then add specific browsers in the build
scripts of particular modules.

For example, the following line in your Gradle property file will run the test in Firefox and Safari for all modules:

kotlin.js.browser.karma.browsers=firefox,safari

See the full list of available values for the property on GitHub.

The Kotlin team is very grateful to Martynas Petuška for implementing this feature.

向项目添加 CSS 支持的新方式

This release provides a new approach to adding CSS support to your project. We assume that this will affect a lot of projects,
so don't forget to update your Gradle build script files as described below.

Before Kotlin 1.8.0, the cssSupport.enabled property was used to add CSS support:

browser {
    commonWebpackConfig {
        cssSupport.enabled = true
    }
}


Now you should use the enabled.set() method in the cssSupport {} block:

browser {
    commonWebpackConfig {
        cssSupport {
            enabled.set(true)
        }
    }
}


Gradle

Kotlin 1.8.0 fully supports Gradle versions 7.2 and 7.3. You can also use Gradle versions up to the latest Gradle release,
but if you do, keep in mind that you might encounter deprecation warnings or some new Gradle features might not work.

This version brings lots of changes:


	将 Kotlin 编译器选项暴露为 Gradle 惰性属性

	提高最低支持版本

	禁用 Kotlin 守护程序回退策略的能力

	在传递依赖项中使用最新的 kotlin-stdlib 版本

	强制检查相关 Kotlin 与 Java 编译任务的 JVM 目标兼容等价性

	解决 Kotlin Gradle 插件的传递依赖项

	弃用与删除



将 Kotlin 编译器选项暴露为 Gradle 惰性属性

To expose available Kotlin compiler options as Gradle lazy properties
and to integrate them better into the Kotlin tasks, we made lots of changes:


	Compile tasks have the new compilerOptions input, which is similar to the existing kotlinOptions but uses
Property from the Gradle Properties
API as the return type:

tasks.named("compileKotlin", org.jetbrains.kotlin.gradle.tasks.KotlinJvmCompile::class.java) {
    compilerOptions {
        useK2.set(true)
    }
}




	The Kotlin tools tasks KotlinJsDce and KotlinNativeLink have the new toolOptions input, which is similar to the
existing kotlinOptions input.



	New inputs have the @Nested Gradle annotation.
Every property inside the inputs has a related Gradle annotation, such as
@Input or @Internal.

	The Kotlin Gradle plugin API artifact has two new interfaces:
	org.jetbrains.kotlin.gradle.tasks.KotlinCompilationTask, which has the compilerOptions input and the compileOptions()
method. All Kotlin compilation tasks implement this interface.

	org.jetbrains.kotlin.gradle.tasks.KotlinToolTask, which has the toolOptions input and the toolOptions() method.
All Kotlin tool tasks – KotlinJsDce, KotlinNativeLink, and KotlinNativeLinkArtifactTask – implement this interface.





	Some compilerOptions use the new types instead of the String type:


	JvmTarget

	KotlinVersion
(for the apiVersion and the languageVersion inputs)

	JsMainFunctionExecutionMode

	JsModuleKind

	JsSourceMapEmbedMode



For example, you can use compilerOptions.jvmTarget.set(JvmTarget.JVM_11) instead of kotlinOptions.jvmTarget = "11".

The kotlinOptions types didn't change, and they are internally converted to compilerOptions types.



	The Kotlin Gradle plugin API is binary-compatible with previous releases. There are, however, some source and ABI-breaking changes in the kotlin-gradle-plugin artifact. Most of these changes involve additional generic parameters to some internal types. One important change is that the KotlinNativeLink task no longer inherits the AbstractKotlinNativeCompile task.

	KotlinJsCompilerOptions.outputFile and the related KotlinJsOptions.outputFile options are deprecated. Use the Kotlin2JsCompile.outputFileProperty task input instead.




The Kotlin Gradle plugin still adds the KotlinJvmOptions DSL to the Android extension:

android { 
    kotlinOptions {
        jvmTarget = "11"
    }
}


This will be changed in the scope of this issue,
when the compilerOptions DSL will be added to a module level.
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限制


The kotlinOptions task input and the kotlinOptions{...} task DSL are in support mode and will be deprecated in
upcoming releases. Improvements will be made only to compilerOptions and toolOptions.
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Calling any setter or getter on kotlinOptions delegates to the related property in the compilerOptions.
This introduces the following limitations:


	compilerOptions and kotlinOptions cannot be changed in the task execution phase (see one exception in the paragraph
below).

	freeCompilerArgs returns an immutable List<String>, which means that, for example,
kotlinOptions.freeCompilerArgs.remove("something") will fail.



Several plugins, including kotlin-dsl and the Android Gradle plugin (AGP) with
Jetpack Compose enabled, try to modify the freeCompilerArgs attribute
in the task execution phase. We've added a workaround for them in Kotlin 1.8.0. This workaround allows any build script
or plugin to modify kotlinOptions.freeCompilerArgs in the execution phase but produces a warning in the build log.
To disable this warning, use the new Gradle property kotlin.options.suppressFreeCompilerArgsModificationWarning=true.
Gradle is going to add fixes for the kotlin-dsl plugin and
AGP with Jetpack Compose enabled.

提高最低支持版本

Starting with Kotlin 1.8.0, the minimum supported Gradle version is 6.8.3 and the minimum supported Android Gradle plugin
version is 4.1.3.

See the Kotlin Gradle plugin compatibility with available Gradle versions in our documentation

禁用 Kotlin 守护程序回退策略的能力

There is a new Gradle property kotlin.daemon.useFallbackStrategy, whose default value is true. When the value is false,
builds fail on problems with the daemon's startup or communication. There is also a new useDaemonFallbackStrategy property
in Kotlin compile tasks, which takes priority over the Gradle property if you use both. If there is insufficient memory
to run the compilation, you can see a message about it in the logs.

The Kotlin compiler's fallback strategy is to run a compilation outside the Kotlin daemon if the daemon somehow fails.
If the Gradle daemon is on, the compiler uses the "In process" strategy. If the Gradle daemon is off, the compiler uses
the "Out of process" strategy. Learn more about these
execution strategies in the documentation.
Note that silent fallback to another strategy can consume a lot of system resources or lead to non-deterministic builds;
see this YouTrack issue
for more details.

在传递依赖项中使用最新的 kotlin-stdlib 版本

If you explicitly write Kotlin version 1.8.0 or higher in your dependencies, for example:
implementation("org.jetbrains.kotlin:kotlin-stdlib:1.8.0"), then the Kotlin Gradle Plugin will use that Kotlin version
for transitive kotlin-stdlib-jdk7 and kotlin-stdlib-jdk8 dependencies. This is done to avoid class duplication from
different stdlib versions (learn more about
merging kotlin-stdlib-jdk7 and kotlin-stdlib-jdk8 into kotlin-stdlib). 
You can disable this behavior with the kotlin.stdlib.jdk.variants.version.alignment Gradle property:

kotlin.stdlib.jdk.variants.version.alignment=false

If you run into issues with version alignment, align all versions via the Kotlin BOM
by declaring a platform dependency on kotlin-bom in your build script:

implementation(platform("org.jetbrains.kotlin:kotlin-bom:1.8.0"))


Learn about other cases and our suggested solutions in the documentation.

强制检查相关 Kotlin 与 Java 编译任务的 JVM 目标


This section applies to your JVM project even if your source files are only in Kotlin and you don't use Java.
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Starting from this release,
the default value for the kotlin.jvm.target.validation.mode property
is error for projects on Gradle 8.0+ (this version of Gradle has not been released yet), and the plugin will fail
the build in the event of JVM target incompatibility.

The shift of the default value from warning to error is a preparation step for a smooth migration to Gradle 8.0.
We encourage you to set this property to error and configure a toolchain
or align JVM versions manually.

Learn more about what can go wrong if you don't check the targets' compatibility.

解决 Kotlin Gradle 插件的传递依赖项

In Kotlin 1.7.0, we introduced support for Gradle plugin variants. 
Because of these plugin variants, a build classpath can have different versions of the Kotlin Gradle plugins
that depend on different versions of some dependency, usually kotlin-gradle-plugin-api. This can lead to
a resolution problem, and we would like to propose the following workaround, using the kotlin-dsl plugin as an example.

The kotlin-dsl plugin in Gradle 7.6 depends on the org.jetbrains.kotlin.plugin.sam.with.receiver:1.7.10 plugin,
which depends on kotlin-gradle-plugin-api:1.7.10. If you add the org.jetbrains.kotlin.gradle.jvm:1.8.0 plugin,
this kotlin-gradle-plugin-api:1.7.10 transitive dependency may lead to a dependency resolution error because of
a mismatch between the versions (1.8.0 and 1.7.10) and the variant attributes' org.gradle.plugin.api-version
values. As a workaround, add this constraint
to align the versions. This workaround may be needed until we implement the Kotlin Gradle Plugin libraries alignment platform,
which is in the plans:

dependencies {
    constraints {
        implementation("org.jetbrains.kotlin:kotlin-sam-with-receiver:1.8.0")
    }
}


This constraint forces the org.jetbrains.kotlin:kotlin-sam-with-receiver:1.8.0 version to be used in the build classpath
for transitive dependencies. Learn more about one similar case in the Gradle issue tracker.

弃用与删除

In Kotlin 1.8.0, the deprecation cycle continues for the following properties and methods:


	In the notes for Kotlin 1.7.0 that the KotlinCompile task still had 
the deprecated Kotlin property classpath, which would be removed in future releases. Now, we've changed
the deprecation level to error for the KotlinCompile task's classpath property. All compile tasks use
the libraries input for a list of libraries required for compilation.

	We removed the kapt.use.worker.api property that allowed running kapt via the Gradle Workers API.
By default, kapt has been using Gradle workers since Kotlin 1.3.70,
and we recommend sticking to this method.

	In Kotlin 1.7.0, we announced the start of a deprecation cycle for the kotlin.compiler.execution.strategy property. 
In this release, we removed this property. Learn how to define a Kotlin compiler execution strategy
in other ways.



标准库

Kotlin 1.8.0：


	更新了 JVM 编译项目标。

	稳定了一些函数——Java 与 Kotlin 之间的 TimeUnit 转换、 
cbrt()、 Java Optional 扩展函数。

	提供可比较且可减去的 TimeMark 预览版。

	包含 java.nio.file.path 的实验性扩展函数。

	附赠改进了 kotlin-reflect 性能。



更新了 JVM 编译项目标

In Kotlin 1.8.0, the standard libraries (kotlin-stdlib, kotlin-reflect, and kotlin-script-*) are compiled with
JVM target 1.8. Previously, the standard libraries were compiled with JVM target 1.6.

Kotlin 1.8.0 no longer supports JVM targets 1.6 and 1.7. As a result, you no longer need to declare kotlin-stdlib-jdk7
and kotlin-stdlib-jdk8 separately in build scripts because the contents of these artifacts have been merged into kotlin-stdlib.


If you have explicitly declared kotlin-stdlib-jdk7 and kotlin-stdlib-jdk8 as dependencies in your build scripts,
then you should replace them with kotlin-stdlib.
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Note that mixing different versions of stdlib artifacts could lead to class duplication or to missing classes.
To avoid that, the Kotlin Gradle plugin can help you align stdlib versions.

cbrt()

The cbrt() function, which allows you to compute the real cube root of a double or float, is now Stable.

import kotlin.math.*

fun main() {
    val num = 27
    val negNum = -num

    println("The cube root of ${num.toDouble()} is: " +
            cbrt(num.toDouble()))
    println("The cube root of ${negNum.toDouble()} is: " +
            cbrt(negNum.toDouble()))
}


Java 与 Kotlin 之间的 TimeUnit 转换

The toTimeUnit() and toDurationUnit() functions in kotlin.time are now Stable. Introduced as Experimental in Kotlin
1.6.0, these functions improve interoperability between Kotlin and Java. You can now easily convert between Java
java.util.concurrent.TimeUnit and Kotlin kotlin.time.DurationUnit. These functions are supported on the JVM only.

import kotlin.time.*

// For use from Java
fun wait(timeout: Long, unit: TimeUnit) {
    val duration: Duration = timeout.toDuration(unit.toDurationUnit())
    ...
}


可比较可减去的 TimeMark


The new functionality of TimeMarks is Experimental, and to use it
you need to opt in by using @OptIn(ExperimentalTime::class) or @ExperimentalTime.
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Before Kotlin 1.8.0, if you wanted to calculate the time difference between multiple TimeMarks and now, you could
only call elapsedNow() on one TimeMark at a time. This made it difficult to compare the results because the
two elapsedNow() function calls couldn't be executed at exactly the same time.

To solve this, in Kotlin 1.8.0 you can subtract and compare TimeMarks from the same time source. Now you can create
a new TimeMark instance to represent now and subtract other TimeMarks from it. This way, the results that
you collect from these calculations are guaranteed to be relative to each other.

import kotlin.time.*
fun main() {
//sampleStart
    val timeSource = TimeSource.Monotonic
    val mark1 = timeSource.markNow()
    Thread.sleep(500) // Sleep 0.5 seconds
    val mark2 = timeSource.markNow()

    // Before 1.8.0
    repeat(4) { n ->
        val elapsed1 = mark1.elapsedNow()
        val elapsed2 = mark2.elapsedNow()

        // Difference between elapsed1 and elapsed2 can vary depending 
        // on how much time passes between the two elapsedNow() calls
        println("Measurement 1.${n + 1}: elapsed1=$elapsed1, " +
                "elapsed2=$elapsed2, diff=${elapsed1 - elapsed2}")
    }
    println()

    // Since 1.8.0
    repeat(4) { n ->
        val mark3 = timeSource.markNow()
        val elapsed1 = mark3 - mark1
        val elapsed2 = mark3 - mark2

        // Now the elapsed times are calculated relative to mark3, 
        // which is a fixed value
        println("Measurement 2.${n + 1}: elapsed1=$elapsed1, " +
                "elapsed2=$elapsed2, diff=${elapsed1 - elapsed2}")
    }
    // It's also possible to compare time marks with each other
    // This is true, as mark2 was captured later than mark1
    println(mark2 > mark1)
//sampleEnd
}


This new functionality is particularly useful in animation calculations where you want to calculate the difference between,
or compare, multiple TimeMarks representing different frames.

递归复制或删除目录


These new functions for java.nio.file.path are Experimental.
To use them, you need to opt in with @OptIn(kotlin.io.path.ExperimentalPathApi::class) or @kotlin.io.path.ExperimentalPathApi.
Alternatively, you can use the compiler option -opt-in=kotlin.io.path.ExperimentalPathApi.
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We have introduced two new extension functions for java.nio.file.Path, copyToRecursively() and deleteRecursively(),
which allow you to recursively:


	Copy a directory and its contents to another destination.

	Delete a directory and its contents.



These functions can be very useful as part of a backup process.

错误处理

Using copyToRecursively(), you can define what should happen if an exception occurs while copying, by overloading
the onError lambda function:

sourceRoot.copyToRecursively(destinationRoot, followLinks = false,
    onError = { source, target, exception ->
        logger.logError(exception, "Failed to copy $source to $target")
        OnErrorResult.TERMINATE
    })


When you use deleteRecursively(), if an exception occurs while deleting a file or folder, then the file or folder
is skipped. Once the deletion has completed, deleteRecursively() throws an IOException containing all the exceptions
that occurred as suppressed exceptions.

文件覆盖

If copyToRecursively() finds that a file already exists in the destination directory, then an exception occurs.
If you want to overwrite the file instead, use the overload that has overwrite as an argument and set it to true:

fun setUpEnvironment(projectDirectory: Path, fixtureName: String) {
    fixturesRoot.resolve(COMMON_FIXTURE_NAME)
        .copyToRecursively(projectDirectory, followLinks = false)
    fixturesRoot.resolve(fixtureName)
        .copyToRecursively(projectDirectory, followLinks = false,
            overwrite = true) // patches the common fixture
}


自定义复制动作

To define your own custom logic for copying, use the overload that has copyAction as an additional argument.
By using copyAction you can provide a lambda function, for example, with your preferred actions:

sourceRoot.copyToRecursively(destinationRoot, followLinks = false) { source, target ->
    if (source.name.startsWith(".")) {
        CopyActionResult.SKIP_SUBTREE
    } else {
        source.copyToIgnoringExistingDirectory(target, followLinks = false)
        CopyActionResult.CONTINUE
    }
}


For more information on these extension functions, see our API reference.

Java Optional 扩展函数

The extension functions that were introduced in Kotlin 1.7.0 
are now Stable. These functions simplify working with Optional classes in Java. They can be used to unwrap and convert
Optional objects on the JVM, and to make working with Java APIs more concise. For more information,
see What's new in Kotlin 1.7.0.

改进了 kotlin-reflect 性能

Taking advantage of the fact that kotlin-reflect is now compiled with JVM target 1.8, we migrated our internal
cache mechanism to Java's ClassValue. Previously we only cached KClass, but we now also cache KType and
KDeclarationContainer. These changes have led to significant performance improvements when invoking typeOf().

文档更新

The Kotlin documentation has received some notable changes:

修订与新增页面


	Gradle overview – learn how to configure and build a Kotlin project with the Gradle build system,
available compiler options, compilation, and caches in the Kotlin Gradle plugin.

	Nullability in Java and Kotlin – see the differences between Java's and Kotlin's
approaches to handling possibly nullable variables.

	Lincheck guide – learn how to set up and use the Lincheck framework for testing concurrent algorithms
on the JVM.



新增与更新教程


	Get started with Gradle and Kotlin/JVM – create a console application using
IntelliJ IDEA and Gradle.

	Create a multiplatform app using Ktor and SQLDelight – create a mobile
application for iOS and Android using Kotlin Multiplatform Mobile.

	Get started with Kotlin Multiplatform – learn about cross-platform
mobile development with Kotlin and create an app that works on both Android and iOS.



安装 Kotlin 1.8.0

IntelliJ IDEA 2021.3, 2022.1, and 2022.2 automatically suggest updating
the Kotlin plugin to version 1.8.0. IntelliJ IDEA 2022.3 will have the 1.8.0 version of the Kotlin plugin bundled in
an upcoming minor update.


To migrate existing projects to Kotlin 1.8.0 in IntelliJ IDEA 2022.3, change the Kotlin version to 1.8.0 and reimport
your Gradle or Maven project.
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For Android Studio Electric Eel (221) and Flamingo (222), version 1.8.0 of the Kotlin plugin will be delivered with
the upcoming Android Studios updates. The new command-line compiler is available for download on the GitHub release page.

Kotlin 1.8.0 的兼容性指南

Kotlin 1.8.0 is a feature release and can, therefore,
bring changes that are incompatible with your code written for earlier versions of the language. Find the detailed list
of these changes in the Compatibility guide for Kotlin 1.8.0.
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            Kotlin 1.2 的新特性
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多平台项目（实验性的）

多平台项目是 Kotlin 1.2 中的一个新的实验性的特性，允许你在支持 Kotlin 的目标平台——
JVM、JavaScript 以及（将来的）Native 之间重用代码。在多平台项目中，你有三种模块：


	一个公共模块包含平台无关代码，以及无实现的依赖平台的 API 声明。

	平台模块包含通用模块中的平台相关声明在指定平台的实现，以及其他平台相关代码。

	常规模块面向指定的平台，既可以是平台模块的依赖，也可以依赖平台模块。



当你为指定平台编译多平台项目时，既会生成公共代码也会生成平台相关代码。

多平台项目支持的一个主要特点是可以通过预期声明与实际声明来表达公共代码对平台相关部分的依赖关系。 一个预期声明指定一个 API（类、接口、注解、顶层声明等）。
一个实际声明要么是该 API 的平台相关实现，要么是一个引用到在一个外部库中该 API 的一个既有实现的别名。这是一个示例：

在公共代码中：

// 预期平台相关 API:
expect fun hello(world: String): String

fun greet() {
    // 该预期 API 的用法：
    val greeting = hello("multiplatform world")
    println(greeting)
}

expect class URL(spec: String) {
    open fun getHost(): String
    open fun getPath(): String
}


在 JVM 平台代码中：

actual fun hello(world: String): String =
    "Hello, $world, on the JVM platform!"

// 使用既有平台相关实现：
actual typealias URL = java.net.URL


关于构建多平台项目的详细信息与步骤，请参见多平台程序设计文档。

其他语言特性

注解中的数组字面值

自 Kotlin 1.2 起，注解的数组参数可以通过新的数组字面值语法传入，而无需使用 arrayOf 函数：

@CacheConfig(cacheNames = ["books", "default"])
public class BookRepositoryImpl {
    // ……
}


该数组字面值语法仅限于注解参数。

lateinit 顶层属性与局部变量

lateinit 修饰符现在可以用于顶层属性与局部变量了。例如，后者可用于当一个 lambda 表达式作为构造函数参数传给一个对象时，引用另一个必须稍后定义的对象：

class Node<T>(val value: T, val next: () -> Node<T>)

fun main(args: Array<String>) {
    // 三个节点的环：
    lateinit var third: Node<Int>

    val second = Node(2, next = { third })
    val first = Node(1, next = { second })

    third = Node(3, next = { first })

    val nodes = generateSequence(first) { it.next() }
    println("Values in the cycle: ${nodes.take(7).joinToString { it.value.toString() }}, ...")
}


检测 lateinit 变量是否已初始化

现在可以通过属性引用的 isInitialized 来检测该 lateinit var 是否已初始化：

class Foo {
    lateinit var lateinitVar: String

    fun initializationLogic() {
//sampleStart
        println("isInitialized before assignment: " + this::lateinitVar.isInitialized)
        lateinitVar = "value"
        println("isInitialized after assignment: " + this::lateinitVar.isInitialized)
//sampleEnd
    }
}

fun main(args: Array<String>) {
    Foo().initializationLogic()
}


内联函数带有默认函数式参数

内联函数现在允许其内联函式数参数具有默认值：

//sampleStart
inline fun <E> Iterable<E>.strings(transform: (E) -> String = { it.toString() }) =
    map { transform(it) }

val defaultStrings = listOf(1, 2, 3).strings()
val customStrings = listOf(1, 2, 3).strings { "($it)" } 
//sampleEnd

fun main(args: Array<String>) {
    println("defaultStrings = $defaultStrings")
    println("customStrings = $customStrings")
}


源自显式类型转换的信息会用于类型推断

Kotlin 编译器现在可将类型转换信息用于类型推断。如果你调用一个返回类型参数 T 的泛型方法并将返回值转换为指定类型 Foo，那么编译器现在知道对于本次调用需要绑定类型为 Foo。

这对于 Android 开发者来说尤为重要，因为编译器现在可以正确分析
Android API 级别 26中的泛型 findViewById 调用：

val button = findViewById(R.id.button) as Button


智能类型转换改进

当一个变量有安全调用表达式与空检测赋值时，其智能转换现在也可以应用于安全调用接收者：

fun countFirst(s: Any): Int {
//sampleStart
    val firstChar = (s as? CharSequence)?.firstOrNull()
    if (firstChar != null)
    return s.count { it == firstChar } // s: Any 会智能转换为 CharSequence

    val firstItem = (s as? Iterable<*>)?.firstOrNull()
    if (firstItem != null)
    return s.count { it == firstItem } // s: Any 会智能转换为 Iterable<*>
//sampleEnd
    return -1
}

fun main(args: Array<String>) {
  val string = "abacaba"
  val countInString = countFirst(string)
  println("called on \"$string\": $countInString")

  val list = listOf(1, 2, 3, 1, 2)
  val countInList = countFirst(list)
  println("called on $list: $countInList")
}


智能转换现在也允许用于在 lambda 表达式中局部变量，只要这些局部变量仅在 lambda 表达式之前修改即可：

fun main(args: Array<String>) {
//sampleStart
    val flag = args.size == 0
    var x: String? = null
    if (flag) x = "Yahoo!"

    run {
        if (x != null) {
            println(x.length) // x 会智能转换为 String
        }
    }
//sampleEnd
}


支持 ::foo 作为 this::foo 的简写

现在写绑定到 this 成员的可调用引用可以无需显式接收者，即 ::foo 取代
this::foo。这也使在引用外部接收者的成员的 lambda 表达式中使用可调用引用更加方便。

破坏性变更：try 块后可靠智能转换

Kotlin 以前将 try 块中的赋值语句用于块后的智能转换，这可能会破坏类型安全与空安全并引发运行时故障。这个版本修复了该问题，使智能转换更加严格，但可能会破坏一些依靠这种智能转换的代码。

如果要切换到旧版智能转换行为，请传入回退标志 -Xlegacy-smart-cast-after-try 作为编译器参数。该参数会在 Kotlin 1.3中弃用。

弃用：数据类弃用 copy

当从已具有签名相同的 copy 函数的类型派生数据类时，为数据类生成的 copy
实现使用超类型的默认值，这导致反直觉行为，
或者导致运行时失败，如果超类型中没有默认实参的话。

导致 copy 冲突的继承在 Kotlin 1.2 中已弃用并带有警告，
而在 Kotlin 1.3中将会是错误。

弃用：枚举条目中的嵌套类型

由于初始化逻辑的问题，已弃用在枚举条目内部定义一个非 inner class
的嵌套类。这在 Kotlin 1.2 中会引起警告，而在 Kotlin 1.3中会成为错误。

弃用：vararg 单个具名实参

为了与注解中的数组字面值保持一致，向一个具名实参形式的 vararg 参数传入单个项目的用法（foo(items = i)）已被弃用。请使用伸展操作符连同相应的数组工厂函数：

foo(items = *arrayOf(1))


在这种情况下有一项防止性能下降的优化可以消除冗余的数组创建。
单参数形式在 Kotlin 1.2 中会产生警告，而在 Kotlin 1.3中会放弃。

弃用：扩展 Throwable 的泛型类的内部类

继承自 Throwable 的泛型类的内部类可能会在 throw-catch 场景中违反类型安全性，因此已弃用，在 Kotlin 1.2 中会是警告，而在 Kotlin 1.3中会是错误。

弃用：修改只读属性的幕后字段

通过在自定义 getter 中赋值 field = …… 来修改只读属性的幕后字段的用法已被弃用，
在 Kotlin 1.2 中会是警告，而在 Kotlin 1.3中会是错误。

标准库

Kotlin 标准库构件与拆分包

Kotlin 标准库现在完全兼容 Java 9 的模块系统，它禁止拆分包
（多个 jar 文件声明的类在同一包中）。为了支持这点，我们引入了新的 kotlin-stdlib-jdk7
与 kotlin-stdlib-jdk8 ，它们取代了旧版的 kotlin-stdlib-jre7 与 kotlin-stdlib-jre8。

在 Kotlin 看来新的构件中的声明在相同的包名内，而在
Java看来有不同的包名。因此，切换到新的构件无需修改任何源代码。

确保与新的模块系统兼容的另一处变更是在 kotlin-reflect 库中删除了
kotlin.reflect 包中弃用的声明。如果你正在使用它们，你需要切换到使用 kotlin.reflect.full 包中的声明，自 Kotlin 1.1 起就支持这个包了。

windowed、chunked、zipWithNext

用于 Iterable<T>、 Sequence<T>与 CharSequence 的新的扩展覆盖了这些应用场景：缓存或批处理（chunked）、 滑动窗口与计算滑动均值（windowed）以及处理成对的后续条目（zipWithNext）：

fun main(args: Array<String>) {
//sampleStart
    val items = (1..9).map { it * it }

    val chunkedIntoLists = items.chunked(4)
    val points3d = items.chunked(3) { (x, y, z) -> Triple(x, y, z) }
    val windowed = items.windowed(4)
    val slidingAverage = items.windowed(4) { it.average() }
    val pairwiseDifferences = items.zipWithNext { a, b -> b - a }
//sampleEnd

    println("items: $items\n")

    println("chunked into lists: $chunkedIntoLists")
    println("3D points: $points3d")
    println("windowed by 4: $windowed")
    println("sliding average by 4: $slidingAverage")
    println("pairwise differences: $pairwiseDifferences")
}


fill、replaceAll、shuffle/shuffled

添加了一些用于操作列表的扩展函数：MutableList 的 fill、 replaceAll 与 shuffle ，
以及只读 List的 shuffled：

fun main(args: Array<String>) {
//sampleStart
    val items = (1..5).toMutableList()

    items.shuffle()
    println("Shuffled items: $items")

    items.replaceAll { it * 2 }
    println("Items doubled: $items")

    items.fill(5)
    println("Items filled with 5: $items")
//sampleEnd
}


kotlin-stdlib 中的数学运算

为满足由来已久的需求，Kotlin 1.2 添加了 JVM 与 JS 公用的用于数学运算的 kotlin.math API，
包含以下内容：


	常量：PI 与 E

	三角函数：cos、 sin、 tan 及其反函数：acos、 asin、 atan、 atan2

	双曲函数：cosh、 sinh、 tanh 及其反函数：acosh、 asinh、 atanh

	指数函数：pow（扩展函数）、 sqrt、 hypot、 exp、 expm1

	对数函数：log、 log2、 log10、 ln、 ln1p

	取整：
	ceil、 floor、 truncate、 round（奇进偶舍）函数

	roundToInt、 roundToLong（四舍五入）扩展函数





	符号与绝对值：
	abs 与 sign 函数

	absoluteValue 与 sign 扩展属性

	withSign 扩展函数





	两个数的最值函数：max 与 min

	二进制表示：
	ulp 扩展属性

	nextUp、 nextDown、 nextTowards 扩展函数

	toBits、 toRawBits、 Double.fromBits（这些在 kotlin 包中）







这些函数同样也有 Float 参数版本（但不包括常量）。

用于 BigInteger 与 BigDecimal 的操作符与转换

Kotlin 1.2 引入了一些使用  BigInteger 与 BigDecimal 运算以及由其他数字类型创建它们的函数。具体如下：


	toBigInteger 用于 Int 与 Long

	toBigDecimal 用于 Int、 Long、 Float、 Double 以及 BigInteger

	算术与位运算操作符函数：
	二元操作符  +、 -、 *、 /、 % 以及中缀函数 and、 or、 xor、 shl、 shr

	一元操作符 -、 ++、 -- 以及函数 inv







浮点数到比特的转换

添加了用于将 Double 及 Float 与其比特表示形式相互转换的函数：


	toBits 与 toRawBits 对于 Double 返回 Long 而对于 Float 返回 Int

	Double.fromBits 与 Float.fromBits 用于有相应比特表示形式创建浮点数



正则表达式现在可序列化

kotlin.text.Regex 类现在已经是 Serializable 的了并且可用在可序列化的继承结构中。

如果可用，Closeable.use 会调用 Throwable.addSuppressed

当在其他异常之后关闭资源期间抛出一个异常，Closeable.use 函数会调用 Throwable.addSuppressed
。

要启用这个行为，需要依赖项中有 kotlin-stdlib-jdk7。

JVM 后端

构造函数调用规范化

自 1.0 版起，Kotlin 就已支持带有复杂控制流的表达式，诸如 try-catch 表达式以及内联函数。根据 Java 虚拟机规范这样的代码是有效的。不幸的是，
当这样的表达式出现在构造函数调用的参数中时，一些字节码处理工具不能很好地处理这种代码
。

为了缓解这种字节码处理工具用户的这一问题，我们添加了一个命令行编译器选项（-Xnormalize-constructor-calls=模式），告诉编译器为这样的构造过程生成更接近 Java 的字节码
。其中模式是下列之一：


	disable（默认）——以与 Kotlin 1.0 即 1.1 相同的方式生成字节码。

	enable——为构造函数调用生成类似 Java 的字节码。 这可能会改变类加载与初始化的顺序
。

	preserve-class-initialization——为构造函数调用生成类似 Java 的字节码，并确保类初始化顺序得到保留。这可能会影响应用程序的整体性能；仅用在多个类之间共享一些复杂状态并在类初始化时更新的场景中。



“人工”解决办法是将具有控制流的子表达式的值存储在变量中，而不是直接在调用参数内对其求值。这与 -Xnormalize-constructor-calls=enable 类似。

Java 默认方法调用

在 Kotlin 1.2 之前，面向 JVM 1.6 的接口成员覆盖 Java 默认方法会产生一个关于超类型调用的警告：Super calls to Java default methods are deprecated in JVM target 1.6. Recompile with '-jvm-target 1.8'（“面向 JVM 1.6 的 Java 默认方法的超类型调用已弃用，请使用‘-jvm-target 1.8’重新编译”）。
在 Kotlin 1.2 中，这是一个错误，因此这样的代码都需要面向 JVM 1.8 编译。

破坏性变更：平台类型 x.equals(null) 的一致行为

在映射到 Java 原生类型
（Int!、 Boolean!、 Short!、 Long!、 Float!、 Double!、 Char!）的平台类型上调用 x.equals(null)，当 x 为 null 时错误地返回了 true。
自 Kotlin 1.2 起，在平台类型的空值上调用 x.equals(……) 都会抛出 NPE
（但 x == ... 不会）。

要返回到 1.2 之前的行为，请将标志 -Xno-exception-on-explicit-equals-for-boxed-null 传给编译器。

破坏性变更：修正平台 null 透过内联扩展接收者逃逸

在平台类型的空值上调用内联扩展函数并没有检测接收者是否为 null，
因而允许 null 逃逸到其他代码中。Kotlin 1.2 在调用处强制执行这项检测，
如果接收者为空就抛出异常。

要切换到旧版行为，请将回退标志 -Xno-receiver-assertions 传给编译器。

JavaScript 后端

默认启用 TypedArray 支持

将 Kotlin 原生数组（如 IntArray、 DoubleArray 等）
翻译为 JavaScript 有类型数组的 JS 有类型数组支持之前是选择性加入的功能，现在已默认启用。

工具

警告作为错误

编译器现在提供一个将所有警告视为错误的选项。可在命令行中使用 -Werror，或者在 Gradle 中使用以下代码片段：

compileKotlin {
  kotlinOptions.allWarningsAsErrors = true
}
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JavaScript

从 Kotlin 1.1 开始，JavaScript 目标平台不再当是实验性的。所有语言功能都支持，
并且有许多新的工具用于与前端开发环境集成。更详细改动列表，请参见下文
。

协程（实验性的）

Kotlin 1.1 的关键新特性是协程，它带来了 future/await、 yield 以及类似的编程模式的支持。Kotlin 的设计中的关键特性是协程执行的实现是语言库的一部分，
而不是语言的一部分，所以你不必绑定任何特定的编程范式或并发库。

协程实际上是一个轻量级的线程，可以挂起并稍后恢复。
协程通过挂起函数支持：对这样的函数的调用可能会挂起协程，并启动一个新的协程，我们通常使用匿名挂起函数（即挂起 lambda 表达式）。

我们来看看在外部库 kotlinx.coroutines 中实现的 async/await：

// 在后台线程池中运行该代码
fun asyncOverlay() = async(CommonPool) {
    // 启动两个异步操作
    val original = asyncLoadImage("original")
    val overlay = asyncLoadImage("overlay")
    // 然后应用叠加到两个结果
    applyOverlay(original.await(), overlay.await())
}

// 在 UI 上下文中启动新的协程
launch(UI) {
// 等待异步叠加完成
    val image = asyncOverlay().await()
// 然后在 UI 中显示
    showImage(image)
}


这里，async { …… } 启动一个协程，当我们使用 await() 时，挂起协程的执行，而执行正在等待的操作，并且在等待的操作完成时恢复（可能在不同的线程上） 。

标准库通过 yield 与 yieldAll 函数使用协程来支持惰性生成序列。
在这样的序列中，在取回每个元素之后挂起返回序列元素的代码块，
并在请求下一个元素时恢复。这里有一个例子：

import kotlin.coroutines.experimental.*

fun main(args: Array<String>) {
    val seq = buildSequence {
      for (i in 1..5) {
          // 产生一个 i 的平方
          yield(i * i)
      }
      // 产生一个区间
      yieldAll(26..28)
    }

    // 输出该序列
    println(seq.toList())
}


运行上面的代码以查看结果。随意编辑它并再次运行！

更多信息请参见协程文档及教程。

请注意，协程目前还是一个实验性的特性，这意味着 Kotlin 团队不承诺在最终的 1.1 版本时保持该功能的向后兼容性。

其他语言特性

类型别名

类型别名允许你为现有类型定义备用名称。
这对于泛型类型（如集合）以及函数类型最有用。
这里有几个例子：

//sampleStart
typealias OscarWinners = Map<String, String>

fun countLaLaLand(oscarWinners: OscarWinners) =
        oscarWinners.count { it.value.contains("La La Land") }

// 请注意，类型名称（初始名与类型别名）是可互换的：
fun checkLaLaLandIsTheBestMovie(oscarWinners: Map<String, String>) =
        oscarWinners["Best picture"] == "La La Land"
//sampleEnd

fun oscarWinners(): OscarWinners {
    return mapOf(
            "Best song" to "City of Stars (La La Land)",
            "Best actress" to "Emma Stone (La La Land)",
            "Best picture" to "Moonlight" /* …… */)
}

fun main(args: Array<String>) {
    val oscarWinners = oscarWinners()

    val laLaLandAwards = countLaLaLand(oscarWinners)
    println("LaLaLandAwards = $laLaLandAwards (in our small example), but actually it's 6.")

    val laLaLandIsTheBestMovie = checkLaLaLandIsTheBestMovie(oscarWinners)
    println("LaLaLandIsTheBestMovie = $laLaLandIsTheBestMovie")
}


更详细信息请参见类型别名文档与 KEEP。

已绑定的可调用引用

现在可以使用 :: 操作符来获取指向特定对象实例的方法或属性的成员引用。
以前这只能用 lambda 表达式表示。
这里有一个例子：

//sampleStart
val numberRegex = "\\d+".toRegex()
val numbers = listOf("abc", "123", "456").filter(numberRegex::matches)
//sampleEnd

fun main(args: Array<String>) {
    println("Result is $numbers")
}


更详细信息请参阅其文档与 KEEP。

密封类与数据类

Kotlin 1.1 删除了一些对 Kotlin 1.0 中已存在的密封类与数据类的限制。
现在你可以在同一个文件中的任何地方定义一个密封类的子类，而不只是以作为密封类嵌套类的方式。
数据类现在可以扩展其他类。
这可以用来友好且清晰地定义一个表达式类的层次结构：

//sampleStart
sealed class Expr

data class Const(val number: Double) : Expr()
data class Sum(val e1: Expr, val e2: Expr) : Expr()
object NotANumber : Expr()

fun eval(expr: Expr): Double = when (expr) {
    is Const -> expr.number
    is Sum -> eval(expr.e1) + eval(expr.e2)
    NotANumber -> Double.NaN
}
val e = eval(Sum(Const(1.0), Const(2.0)))
//sampleEnd

fun main(args: Array<String>) {
    println("e is $e") // 3.0
}


更详细信息请参阅密封类文档或者密封类及数据类的 KEEP。

lambda 表达式中的解构

现在可以使用解构声明语法来解开传递给 lambda 表达式的参数。
这里有一个示例：

fun main(args: Array<String>) {
//sampleStart
    val map = mapOf(1 to "one", 2 to "two")
    // 之前
    println(map.mapValues { entry ->
      val (key, value) = entry
      "$key -> $value!"
    })
    // 现在
    println(map.mapValues { (key, value) -> "$key -> $value!" })
//sampleEnd
}


更详细信息请参阅解构声明文档与 KEEP。

下划线用于未使用的参数

对于具有多个参数的 lambda 表达式，可以使用 _ 字符替换不使用的参数的名称：

fun main(args: Array<String>) {
    val map = mapOf(1 to "one", 2 to "two")

//sampleStart
    map.forEach { _, value -> println("$value!") }
//sampleEnd
}


这也适用于解构声明：

data class Result(val value: Any, val status: String)

fun getResult() = Result(42, "ok").also { println("getResult() returns $it") }

fun main(args: Array<String>) {
//sampleStart
    val (_, status) = getResult()
//sampleEnd
    println("status is '$status'")
}


更详细信息请参阅其 KEEP。

数字字面值中的下划线

正如在 Java 8 中一样，Kotlin 现在允许在数字字面值中使用下划线来分隔数字分组：

//sampleStart
val oneMillion = 1_000_000
val hexBytes = 0xFF_EC_DE_5E
val bytes = 0b11010010_01101001_10010100_10010010
//sampleEnd

fun main(args: Array<String>) {
    println(oneMillion)
    println(hexBytes.toString(16))
    println(bytes.toString(2))
}


更详细信息请参阅其 KEEP。

对于属性的更短语法

对于没有自定义访问器、或者将 getter 定义为表达式主体的属性，现在可以省略属性的类型：

//sampleStart
    data class Person(val name: String, val age: Int) {
    val isAdult get() = age >= 20 // 属性类型推断为 “Boolean”
}
//sampleEnd
fun main(args: Array<String>) {
    val akari = Person("Akari", 26)
    println("$akari.isAdult = ${akari.isAdult}")
}


内联属性访问器

如果属性没有幕后字段，现在可以使用 inline 修饰符来标记该属性访问器。
这些访问器的编译方式与内联函数相同。

//sampleStart
public val <T> List<T>.lastIndex: Int
    inline get() = this.size - 1
//sampleEnd

fun main(args: Array<String>) {
    val list = listOf('a', 'b')
    // 其 getter 会内联
    println("Last index of $list is ${list.lastIndex}")
}


你也可以将整个属性标记为 inline——这样修饰符应用于两个访问器。

更详细信息请参阅内联函数文档与 KEEP。

局部委托属性

现在可以对局部变量使用委托属性语法。
一个可能的用途是定义一个延迟求值的局部变量：

import java.util.Random

fun needAnswer() = Random().nextBoolean()

fun main(args: Array<String>) {
//sampleStart
    val answer by lazy {
        println("Calculating the answer...")
        42
    }
    if (needAnswer()) {                     // 返回随机值
        println("The answer is $answer.")   // 此时计算出答案
    }
    else {
        println("Sometimes no answer is the answer...")
    }
//sampleEnd
}


更详细信息请参阅其 KEEP。

委托属性绑定的拦截

对于委托属性，现在可以使用 provideDelegate 操作符拦截委托到属性之间的绑定
。
例如，如果我们想要在绑定之前检测属性名称，我们可以这样写：

class ResourceLoader<T>(id: ResourceID<T>) {
    operator fun provideDelegate(thisRef: MyUI, property: KProperty<*>): ReadOnlyProperty<MyUI, T> {
        checkProperty(thisRef, property.name)
        …… // 属性创建
    }

    private fun checkProperty(thisRef: MyUI, name: String) { …… }
}

fun <T> bindResource(id: ResourceID<T>): ResourceLoader<T> { …… }

class MyUI {
    val image by bindResource(ResourceID.image_id)
    val text by bindResource(ResourceID.text_id)
}


provideDelegate 方法在创建 MyUI 实例期间将会为每个属性调用，并且可以立即执行必要的验证。

更详细信息请参阅属性委托文档。

泛型枚举值访问

现在可以用泛型的方式来对枚举类的值进行枚举：

//sampleStart
enum class RGB { RED, GREEN, BLUE }

inline fun <reified T : Enum<T>> printAllValues() {
    print(enumValues<T>().joinToString { it.name })
}
//sampleEnd

fun main(args: Array<String>) {
    printAllValues<RGB>() // 输出 RED, GREEN, BLUE
}


对于 DSL 中隐式接收者的作用域控制

@DslMarker 注解允许限制来自 DSL 上下文中的外部作用域的接收者的使用。
考虑那个典型的 HTML 构建器示例：

table {
    tr {
        td { + "Text" }
    }
}


在 Kotlin 1.0 中，传递给 td 的 lambda 表达式中的代码可以访问三个隐式接收者：传递给 table、tr
与 td 的。 这允许你调用在上下文中没有意义的方法——例如在 td 里面调用 tr，从而在 <td> 中放置一个 <tr> 标签。

在 Kotlin 1.1 中，你可以限制这种情况，以使只有在 td 的隐式接收者上定义的方法会在传给 td 的 lambda 表达式中可用。你可以通过定义标记有 @DslMarker 元注解的注解并将其应用于标记类的基类。

更详细信息请参阅类型安全的构建器文档与 KEEP。

rem 操作符

mod 操作符现已弃用，而使用 rem 取代。动机参见这个问题。

标准库

字符串到数字的转换

在 String 类中有一些新的扩展，用来将它转换为数字，而不会在无效数字上抛出异常：
String.toIntOrNull(): Int?、 String.toDoubleOrNull(): Double? 等。

val port = System.getenv("PORT")?.toIntOrNull() ?: 80


还有整数转换函数，如 Int.toString()、 String.toInt()、 String.toIntOrNull()，
每个都有一个带有 radix 参数的重载，它允许指定转换的基数（2 到 36）。

onEach()

onEach 是一个小、但对于集合与序列很有用的扩展函数，它允许对操作链中的集合/序列的每个元素执行一些操作，可能带有副作用。
对于迭代其行为像 forEach 但是也进一步返回可迭代实例。 对于序列它返回一个包装序列，它在元素迭代时延迟应用给定的动作。

inputDir.walk()
        .filter { it.isFile && it.name.endsWith(".txt") }
        .onEach { println("Moving $it to $outputDir") }
        .forEach { moveFile(it, File(outputDir, it.toRelativeString(inputDir))) }


also()、takeIf() 与 takeUnless()

这些是适用于任何接收者的三个通用扩展函数。

also 就像 apply：它接受接收者、做一些动作、并返回该接收者。
二者区别是在 apply 内部的代码块中接收者是 this，
而在 also 内部的代码块中是 it（并且如果你想的话，你可以给它另一个名字）。
当你不想掩盖来自外部作用域的 this 时这很方便：

class Block {
    lateinit var content: String
}

//sampleStart
fun Block.copy() = Block().also {
    it.content = this.content
}
//sampleEnd

// 使用“apply”代替
fun Block.copy1() = Block().apply {
    this.content = this@copy1.content
}

fun main(args: Array<String>) {
    val block = Block().apply { content = "content" }
    val copy = block.copy()
    println("Testing the content was copied:")
    println(block.content == copy.content)
}


takeIf 就像单个值的 filter。它检测接收者是否满足该谓词，并在满足时返回该接收者否则不满足时返回 null。
结合 elvis 操作符（?:）与及早返回，可以编写如下结构：

val outDirFile = File(outputDir.path).takeIf { it.exists() } ?: return false
// 对现有的 outDirFile 做些事情


fun main(args: Array<String>) {
    val input = "Kotlin"
    val keyword = "in"

//sampleStart
    val index = input.indexOf(keyword).takeIf { it >= 0 } ?: error("keyword not found")
    // 对输入字符串中的关键字索引做些事情，鉴于它已找到
//sampleEnd

    println("'$keyword' was found in '$input'")
    println(input)
    println(" ".repeat(index) + "^")
}


takeUnless 与 takeIf 相同，只是它采用了反向谓词。当它 不 满足谓词时返回接收者，否则返回 null。因此，上面的示例之一可以用 takeUnless 重写如下：

val index = input.indexOf(keyword).takeUnless { it < 0 } ?: error("keyword not found")


当你有一个可调用的引用而不是 lambda 时，使用也很方便：

private fun testTakeUnless(string: String) {
//sampleStart
    val result = string.takeUnless(String::isEmpty)
//sampleEnd

    println("string = \"$string\"; result = \"$result\"")
}

fun main(args: Array<String>) {
    testTakeUnless("")
    testTakeUnless("abc")
}


groupingBy()

此 API 可以用于按照键对集合进行分组，并同时折叠每个组。 例如，它可以用于计算文本中字符的频率：

fun main(args: Array<String>) {
    val words = "one two three four five six seven eight nine ten".split(' ')
//sampleStart
    val frequencies = words.groupingBy { it.first() }.eachCount()
//sampleEnd
    println("Counting first letters: $frequencies.")

    // 另一种方式是使用“groupBy”与“mapValues”创建一个中间的映射，
    // 而“groupingBy”的方式会即时计数。
    val groupBy = words.groupBy { it.first() }.mapValues { (_, list) -> list.size }
    println("Comparing the result with using 'groupBy': ${groupBy == frequencies}.")
}


Map.toMap() 与 Map.toMutableMap()

这俩函数可以用来简易复制映射：

class ImmutablePropertyBag(map: Map<String, Any>) {
    private val mapCopy = map.toMap()
}


Map.minus(key)

运算符 plus 提供了一种将键值对添加到只读映射中以生成新映射的方法，但是没有一种简单的方法来做相反的操作：从映射中删除一个键采用不那么直接的方式如
Map.filter() 或 Map.filterKeys()。
现在运算符 minus 填补了这个空白。有 4 个可用的重载：用于删除单个键、键的集合、
键的序列与键的数组。

fun main(args: Array<String>) {
//sampleStart
    val map = mapOf("key" to 42)
    val emptyMap = map - "key"
//sampleEnd

    println("map: $map")
    println("emptyMap: $emptyMap")
}


minOf() 与 maxOf()

这些函数可用于查找两个或三个给定值中的最小与最大值，其中值是原生数字或
Comparable 对象。每个函数还有一个重载，它接受一个额外的 Comparator 实例，
如果你想比较自身不可比的对象的话。

fun main(args: Array<String>) {
//sampleStart
    val list1 = listOf("a", "b")
    val list2 = listOf("x", "y", "z")
    val minSize = minOf(list1.size, list2.size)
    val longestList = maxOf(list1, list2, compareBy { it.size })
//sampleEnd

    println("minSize = $minSize")
    println("longestList = $longestList")
}


类似数组的列表实例化函数

类似于 Array 构造函数，现在有创建 List 与 MutableList 实例的函数，并通过调用 lambda 表达式来初始化每个元素：

fun main(args: Array<String>) {
//sampleStart
    val squares = List(10) { index -> index * index }
    val mutable = MutableList(10) { 0 }
//sampleEnd

    println("squares: $squares")
    println("mutable: $mutable")
}


Map.getValue()

Map 上的这个扩展函数返回一个与给定键相对应的现有值，或者抛出一个异常，提示找不到该键。
如果该映射是用 withDefault 生成的，这个函数将返回默认值，而不是抛异常。

fun main(args: Array<String>) {
//sampleStart    
    val map = mapOf("key" to 42)
    // 返回不可空 Int 值 42
    val value: Int = map.getValue("key")

    val mapWithDefault = map.withDefault { k -> k.length }
    // 返回 4
    val value2 = mapWithDefault.getValue("key2")

    // map.getValue("anotherKey") // <- 这将抛出 NoSuchElementException
//sampleEnd

    println("value is $value")
    println("value2 is $value2")
}


抽象集合

这些抽象类可以在实现 Kotlin 集合类时用作基类。
对于实现只读集合，有 AbstractCollection、 AbstractList、 AbstractSet 与 AbstractMap，
而对于可变集合，有 AbstractMutableCollection、 AbstractMutableList、 AbstractMutableSet 与 AbstractMutableMap。
在 JVM 上，这些抽象可变集合从 JDK 的抽象集合继承了大部分的功能。

数组处理函数

标准库现在提供了一组用于逐个元素操作数组的函数：比较
（contentEquals 与 contentDeepEquals），哈希码计算（contentHashCode 与 contentDeepHashCode），
以及转换成一个字符串（contentToString 与 contentDeepToString）。它们都支持 JVM
（它们作为 java.util.Arrays 中的相应函数的别名）与 JS（在
Kotlin 标准库中提供实现）。

fun main(args: Array<String>) {
//sampleStart
    val array = arrayOf("a", "b", "c")
    println(array.toString())  // JVM 实现：类型及哈希乱码
    println(array.contentToString())  // 良好格式化为列表
//sampleEnd
}


JVM 后端

Java 8 字节码支持

Kotlin 现在可以选择生成 Java 8 字节码（命令行选项 -jvm-target 1.8 或者 Ant/Maven/Gradle 中的相应选项）。目前这并不改变字节码的语义（特别是，接口与 lambda 表达式中的默认方法的生成与 Kotlin 1.0 中完全一样），但我们计划在以后进一步使用它。

Java 8 标准库支持

现在有支持在 Java 7 与 8 中新添加的 JDK API 的标准库的独立版本。
如果你需要访问新的 API，请使用 kotlin-stdlib-jre7 与 kotlin-stdlib-jre8 maven 构件，而不是标准的 kotlin-stdlib。
这些构件是在 kotlin-stdlib 之上的微小扩展，它们将它作为传递依赖项带到项目中。

字节码中的参数名

Kotlin 现在支持在字节码中存储参数名。这可以使用命令行选项 -java-parameters 启用。

常量内联

编译器现在将 const val 属性的值内联到使用它们的位置。

可变闭包变量

用于在 lambda 表达式中捕获可变闭包变量的装箱类不再具有 volatile 字段。
此更改提高了性能，但在一些罕见的使用情况下可能导致新的竞争条件。如果受此影响，你需要提供自己的同步机制来访问变量。

javax.scripting 支持

Kotlin 现在与javax.script API（JSR-223）集成。
其 API 允许在运行时求值代码段：

val engine = ScriptEngineManager().getEngineByExtension("kts")!!
engine.eval("val x = 3")
println(engine.eval("x + 2"))  // 输出 5


关于使用 API 的示例项目参见这里
。

kotlin.reflect.full

为 Java 9 支持准备，在 kotlin-reflect.jar 库中的扩展函数与属性已移动到 kotlin.reflect.full 包中。旧包（kotlin.reflect）中的名称已弃用，将在
Kotlin 1.2 中删除。请注意，核心反射接口（如 KClass）是 Kotlin 标准库
（而不是 kotlin-reflect）的一部分，不受移动影响。

JavaScript 后端

统一的标准库

Kotlin 标准库的大部分目前可以从代码编译成 JavaScript 来使用。
特别是，关键类如集合（ArrayList、 HashMap 等）、异常（IllegalArgumentException 等）以及其他几个关键类（StringBuilder、 Comparator）现在都定义在 kotlin 包下。在 JVM 平台上，一些名称是相应 JDK 类的类型别名，而在 JS 平台上，这些类在 Kotlin 标准库中实现。

更好的代码生成

JavaScript 后端现在生成更加可静态检测的代码，这对 JS 代码处理工具（如
minifiers、 optimisers、 linters 等）更加友好。

external 修饰符

如果你需要以类型安全的方式在 Kotlin 中访问 JavaScript 实现的类，
你可以使用 external 修饰符写一个 Kotlin 声明。（在 Kotlin 1.0 中，使用了 @native 注解。）
与 JVM 目标平台不同，JS 平台允许对类与属性使用 external 修饰符。
例如，可以按以下方式声明 DOM Node 类：

external class Node {
    val firstChild: Node

    fun appendChild(child: Node): Node

    fun removeChild(child: Node): Node

    // 等等
}


改进的导入处理

现在可以更精确地描述应该从 JavaScript 模块导入的声明。
如果在外部声明上添加 @JsModule("＜模块名＞") 注解，它会在编译期间正确导入到模块系统（CommonJS或AMD）。例如，使用 CommonJS，该声明会通过 require(……) 函数导入。
此外，如果要将声明作为模块或全局 JavaScript 对象导入，
可以使用 @JsNonModule 注解。

例如，以下是将 JQuery 导入 Kotlin 模块的方法：

external interface JQuery {
    fun toggle(duration: Int = definedExternally): JQuery
    fun click(handler: (Event) -> Unit): JQuery
}

@JsModule("jquery")
@JsNonModule
@JsName("$")
external fun jquery(selector: String): JQuery


在这种情况下，JQuery 将作为名为 jquery 的模块导入。或者，它可以用作 $-对象，
这取决于Kotlin编译器配置使用哪个模块系统。

你可以在应用程序中使用如下所示的这些声明：

fun main(args: Array<String>) {
    jquery(".toggle-button").click {
        jquery(".toggle-panel").toggle(300)
    }
}
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源文件通常以包声明开头:

package org.example

fun printMessage() { /*……*/ }
class Message { /*……*/ }

// ……


源文件所有内容（无论是类还是函数）都包含在该包内。
所以上例中 printMessage() 的全名是 org.example.printMessage，
而 Message 的全名是 org.example.Message。

如果没有指明包，该文件的内容属于无名字的默认包。

默认导入

有多个包会默认导入到每个 Kotlin 文件中：


	kotlin.*

	kotlin.annotation.*

	kotlin.collections.*

	kotlin.comparisons.*

	kotlin.io.*

	kotlin.ranges.*

	kotlin.sequences.*

	kotlin.text.*



根据目标平台还会导入额外的包：


	JVM:


	java.lang.*

	kotlin.jvm.*





	JS:    


	kotlin.js.*







导入

除了默认导入之外，每个文件可以包含它自己的导入（import）指令。

可以导入一个单个名称：

import org.example.Message // 现在 Message 可以不用限定符访问


也可以导入一个作用域下的所有内容：包、类、对象等:

import org.example.* // “org.example”中的一切都可访问


如果出现名字冲突，可以使用 as 关键字在本地重命名冲突项来消歧义：

import org.example.Message // Message 可访问
import org.test.Message as TestMessage // TestMessage 代表“org.test.Message”


关键字 import 并不仅限于导入类；也可用它来导入其他声明：


	顶层函数及属性

	在对象声明中声明的函数和属性

	枚举常量



顶层声明的可见性

如果顶层声明是 private 的，它是声明它的文件所私有的（参见 可见性修饰符）。
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Kotlin 中的类可以有类型参数，与 Java 类似：

class Box<T>(t: T) {
    var value = t
}


创建这样类的实例只需提供类型参数即可：

val box: Box<Int> = Box<Int>(1)


但是如果类型参数可以推断出来，例如从构造函数的参数或者从其他途径，
就可以省略类型参数：

val box = Box(1) // 1 具有类型 Int，所以编译器推算出它是 Box<Int>


型变

Java 类型系统中最棘手的部分之一是通配符类型（参见 Java Generics FAQ）。
而 Kotlin 中没有。 相反，Kotlin 有声明处型变（declaration-site variance）与类型投影（type projections）。

Variance and wildcards in Java

我们来思考下为什么 Java 需要这些神秘的通配符。 首先，Java 中的泛型是不型变的，
这意味着 List<String> 并不是 List<Object> 的子类型。 如果 List 不是不型变的，它就没比 Java 的数组好到哪去，因为如下代码会通过编译但是导致运行时异常：

// Java
List<String> strs = new ArrayList<String>();

// Java reports a type mismatch here at compile-time.
List<Object> objs = strs;

// What if it didn't?
// We would be able to put an Integer into a list of Strings.
objs.add(1);

// And then at runtime, Java would throw
// a ClassCastException: Integer cannot be cast to String
String s = strs.get(0);


Java 禁止这样的事情以保证运行时的安全。但这样会有一些影响。例如，
考虑 Collection 接口中的 addAll() 方法。该方法的签名应该是什么？直觉上，
需要这样写：

// Java
interface Collection<E> …… {
    void addAll(Collection<E> items);
}


但随后，就无法做到以下这样（完全安全的）的事：

// Java

// The following would not compile with the naive declaration of addAll:
// Collection<String> is not a subtype of Collection<Object>
void copyAll(Collection<Object> to, Collection<String> from) {
    to.addAll(from);
}


这就是为什么 addAll() 的实际签名是以下这样：

// Java
interface Collection<E> …… {
    void addAll(Collection<? extends E> items);
}


通配符类型参数 ? extends E 表示此方法接受 E
或者 E 的一个子类型对象的集合，而不只是 E 自身。 这意味着我们可以安全地从其中
（该集合中的元素是 E 的子类的实例）读取 E，但不能写入，
因为我们不知道什么对象符合那个未知的 E 的子类型。
反过来，该限制可以得到想要的行为：Collection<String> 表示为 Collection<? extends Object> 的子类型。
简而言之，带 extends 限定（上界）的通配符类型使得类型是协变的（covariant）。

理解为什么这能够工作的关键相当简单：如果只能从集合中获取元素，
那么使用 String 的集合， 并且从其中读取 Object 也没问题 。反过来，如果只能向集合中
放入 元素 ， 就可以用 Object 集合并向其中放入 String：in Java there is
List<? super String>, which accepts Strings or any of its supertypes.

后者称为逆变性（contravariance），并且对于 List <? super String> 你只能调用接受 String 作为参数的方法
（例如，你可以调用 add(String) 或者 set(int, String)），如果调用函数返回 List<T> 中的 T，
你得到的并非一个 String 而是一个 Object。

Joshua Bloch 在其著作《Effective Java》第三版 中很好地解释了该问题
（第 31 条：“利用有限制通配符来提升 API 的灵活性”）。 他称那些你只能从中读取的对象为生产者，
并称那些只能向其写入的对象为消费者。他建议：


“为了灵活性最大化，在表示生产者或消费者的输入参数上使用通配符类型。”



他还提出了以下助记符：PECS 代表生产者-Extends、消费者-Super（Producer-Extends, Consumer-Super）。


如果你使用一个生产者对象，如 List<? extends Foo>，在该对象上不允许调用 add() 或 set()，
但这并不意味着它是不可变的：例如，没有什么阻止你调用 clear()
从列表中删除所有元素，因为 clear() 根本无需任何参数。

通配符（或其他类型的型变）保证的唯一的事情是类型安全。不可变性完全是另一回事。
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声明处型变

假设有一个泛型接口 Source<T>，该接口中不存在任何以 T 作为参数的方法，只是方法返回 T 类型值：

// Java
interface Source<T> {
    T nextT();
}


那么，在 Source <Object> 类型的变量中存储 Source <String> 实例的引用是极为安全的——
没有消费者-方法可以调用。但是 Java 并不知道这一点，并且仍然禁止这样操作：

// Java
void demo(Source<String> strs) {
  Source<Object> objects = strs; // ！！！在 Java 中不允许
  // ……
}


为了修正这一点，我们必须声明对象的类型为 Source<? extends Object>。这么做毫无意义，
因为我们可以像以前一样在该对象上调用所有相同的方法，所以更复杂的类型并没有带来价值。
但编译器并不知道。

在 Kotlin 中，有一种方法向编译器解释这种情况。这称为声明处型变：
可以标注 Source 的类型参数 T 来确保它仅从
Source<T> 成员中返回（生产），并从不被消费。
为此请使用 out 修饰符：

interface Source<out T> {
    fun nextT(): T
}

fun demo(strs: Source<String>) {
    val objects: Source<Any> = strs // 这个没问题，因为 T 是一个 out-参数
    // ……
}


一般原则是：当一个类 C 的类型参数 T 被声明为 out 时，它就只能出现在 C 的成员的输出-位置，
但回报是 C<Base> 可以安全地作为 C<Derived> 的超类。

简而言之，可以说类 C 是在参数 T 上是协变的，或者说 T 是一个协变的类型参数。
可以认为 C 是 T 的生产者，而不是 T 的消费者。

out 修饰符称为型变注解，并且由于它在类型参数声明处提供，
所以它提供了声明处型变。
这与 Java 的使用处型变相反，其类型用途通配符使得类型协变。

另外除了 out，Kotlin 又补充了一个型变注解：in。它使得一个类型参数逆变，即只可以消费而不可以生产。逆变类型的一个很好的例子是 Comparable：

interface Comparable<in T> {
    operator fun compareTo(other: T): Int
}

fun demo(x: Comparable<Number>) {
    x.compareTo(1.0) // 1.0 拥有类型 Double，它是 Number 的子类型
    // 因此，可以将 x 赋给类型为 Comparable <Double> 的变量
    val y: Comparable<Double> = x // OK！
}


in 和 out 两词看起来是自解释的（因为它们已经在 C# 中成功使用很长时间了），
因此上面提到的助记符不是真正需要的。可以将其改写为更高级的抽象：

存在性（The Existential） 变换：消费者 in, 生产者 out! :-)

类型投影

使用处型变：类型投影

将类型参数 T 声明为 out 非常简单，并且能避免使用处子类型化的麻烦，
但是有些类实际上不能限制为只返回 T！
一个很好的例子是 Array：

class Array<T>(val size: Int) {
    operator fun get(index: Int): T { …… }
    operator fun set(index: Int, value: T) { …… }
}


该类在 T 上既不能是协变的也不能是逆变的。这造成了一些不灵活性。考虑下述函数：

fun copy(from: Array<Any>, to: Array<Any>) {
    assert(from.size == to.size)
    for (i in from.indices)
        to[i] = from[i]
}


这个函数应该将项目从一个数组复制到另一个数组。让我们尝试在实践中应用它：

val ints: Array<Int> = arrayOf(1, 2, 3)
val any = Array<Any>(3) { "" } 
copy(ints, any)
//   ^ 其类型为 Array<Int> 但此处期望 Array<Any>


这里我们遇到同样熟悉的问题：Array <T> 在 T 上是不型变的，因此 Array <Int> 与 Array <Any> 都不是另一个的子类型。为什么？ 再次重复，因为 copy 可能有非预期行为，例如它可能尝试写一个 String 到 from，
并且如果我们实际上传递一个 Int 的数组，以后会抛 ClassCastException 异常。

To prohibit the copy function from writing to from, you can do the following:

fun copy(from: Array<out Any>, to: Array<Any>) { …… }


这就是类型投影：意味着 from 不仅仅是一个数组，而是一个受限制的（投影的）数组。
只可以调用返回类型为类型参数 T 的方法，如上，这意味着只能调用 get()。
这就是使用处型变的用法，并且是对应于 Java 的 Array<? extends Object>、 但更简单。

你也可以使用 in 投影一个类型：

fun fill(dest: Array<in String>, value: String) { …… }


Array<in String> 对应于 Java 的 Array<? super String>，也就是说，你可以传递一个 String 数组、CharSequence 数组或 Object 数组给 fill() 函数。

星投影

有时你想说，你对类型参数一无所知，但仍然希望以安全的方式使用它。
这里的安全方式是定义泛型类型的这种投影，该泛型类型的每个具体实例化都会是该投影的子类型。

Kotlin 为此提供了所谓的星投影语法：


	对于 Foo <out T : TUpper>，其中 T 是一个具有上界 TUpper 的协变类型参数，Foo <*>
等价于 Foo <out TUpper>。 意味着当 T 未知时，你可以安全地从 Foo <*> 读取 TUpper 的值。

	对于 Foo <in T>，其中 T 是一个逆变类型参数，Foo <*> 等价于 Foo <in Nothing>。 意味着当 T 未知时，
没有什么可以以安全的方式写入 Foo <*>。

	对于 Foo <T : TUpper>，其中 T 是一个具有上界 TUpper 的不型变类型参数，Foo<*> 对于读取值时等价于 Foo<out TUpper> 而对于写值时等价于Foo<in Nothing>。



如果泛型类型具有多个类型参数，则每个类型参数都可以单独投影。
例如，如果类型被声明为 interface Function <in T, out U>，可以使用以下星投影：


	Function<*, String> 表示 Function<in Nothing, String>。

	Function<Int, *> 表示 Function<Int, out Any?>。

	Function<*, *> 表示 Function<in Nothing, out Any?>。




星投影非常像 Java 的原始类型，但是安全。
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泛型函数

不仅类可以有类型参数。函数也可以有。类型参数要放在函数名称之前：

fun <T> singletonList(item: T): List<T> {
    // ……
}

fun <T> T.basicToString(): String { // 扩展函数
    // ……
}


要调用泛型函数，在调用处函数名之后指定类型参数即可：

val l = singletonList<Int>(1)


可以省略能够从上下文中推断出来的类型参数，所以以下示例同样适用：

val l = singletonList(1)


泛型约束

能够替换给定类型参数的所有可能类型的集合可以由泛型约束限制。

上界

最常见的约束类型是上界，与 Java 的 extends 关键字对应：

fun <T : Comparable<T>> sort(list: List<T>) {  …… }


冒号之后指定的类型是上界，表明只有 Comparable<T> 的子类型可以替代 T。 例如：

sort(listOf(1, 2, 3)) // OK。Int 是 Comparable<Int> 的子类型
sort(listOf(HashMap<Int, String>())) // 错误：HashMap<Int, String> 不是 Comparable<HashMap<Int, String>> 的子类型


默认的上界（如果没有声明）是 Any?。在尖括号中只能指定一个上界。
如果同一类型参数需要多个上界，需要一个单独的 where-子句：

fun <T> copyWhenGreater(list: List<T>, threshold: T): List<String>
    where T : CharSequence,
          T : Comparable<T> {
    return list.filter { it > threshold }.map { it.toString() }
}


所传递的类型必须同时满足 where 子句的所有条件。在上述示例中，类型 T 必须
既实现了 CharSequence 也实现了 Comparable。

Definitely non-nullable types

To make interoperability with generic Java classes and interfaces easier, Kotlin supports declaring a generic type parameter
as definitely non-nullable. 

To declare a generic type T as definitely non-nullable, declare the type with & Any. For example: T & Any.

A definitely non-nullable type must have a nullable upper bound.

The most common use case for declaring definitely non-nullable types is when you want to override a Java method that 
contains @NotNull as an argument. For example, consider the load() method:

import org.jetbrains.annotations.*;

public interface Game<T> {
    public T save(T x) {}
    @NotNull
    public T load(@NotNull T x) {}
}


To override the load() method in Kotlin successfully, you need T1 to be declared as definitely non-nullable:

interface ArcadeGame<T1> : Game<T1> {
    override fun save(x: T1): T1
    // T1 is definitely non-nullable
    override fun load(x: T1 & Any): T1 & Any
}


When working only with Kotlin, it's unlikely that you will need to declare definitely non-nullable types explicitly because 
Kotlin's type inference takes care of this for you.

类型擦除

Kotlin 为泛型声明用法执行的类型安全检测在编译期进行。
运行时泛型类型的实例不保留关于其类型实参的任何信息。
其类型信息称为被擦除。例如，Foo<Bar> 与 Foo<Baz?> 的实例都会被擦除为
Foo<*>。

泛型类型检测与类型转换

由于类型擦除，并没有通用的方法在运行时检测一个泛型类型的实例是否通过指定类型参数所创建
，并且编译器禁止这种 is 检测，例如
ints is List<Int> or list is T (type parameter). 当然，你可以对一个实例检测星投影的类型：

if (something is List<*>) {
    something.forEach { println(it) } // 每一项的类型都是 `Any?`
}


类似地，当已经让一个实例的类型参数（在编译期）静态检测，
就可以对涉及非泛型部分做 is 检测或者类型转换。请注意，
在这种情况下，会省略尖括号：

fun handleStrings(list: MutableList<String>) {
    if (list is ArrayList) {
        // `list` 智能转换为 `ArrayList<String>`
    }
}


省略类型参数的这种语法可用于不考虑类型参数的类型转换：list as ArrayList。

泛型函数调用的类型参数也同样只在编译期检测。在函数体内部，
类型参数不能用于类型检测，并且类型转换为类型参数（foo as T）也是非受检的。
The only exclusion is inline functions with reified type parameters,
which have their actual type arguments inlined at each call site. This enables type checks and casts for the type parameters.
However, the restrictions described above still apply for instances of generic types used inside checks or casts.
For example, in the type check arg is T, if arg is an instance of a generic type itself, its type arguments are still erased.

//sampleStart
inline fun <reified A, reified B> Pair<*, *>.asPairOf(): Pair<A, B>? {
    if (first !is A || second !is B) return null
    return first as A to second as B
}

val somePair: Pair<Any?, Any?> = "items" to listOf(1, 2, 3)


val stringToSomething = somePair.asPairOf<String, Any>()
val stringToInt = somePair.asPairOf<String, Int>()
val stringToList = somePair.asPairOf<String, List<*>>()
val stringToStringList = somePair.asPairOf<String, List<String>>() // Compiles but breaks type safety!
// Expand the sample for more details

//sampleEnd

fun main() {
    println("stringToSomething = " + stringToSomething)
    println("stringToInt = " + stringToInt)
    println("stringToList = " + stringToList)
    println("stringToStringList = " + stringToStringList)
    //println(stringToStringList?.second?.forEach() {it.length}) // This will throw ClassCastException as list items are not String
}


非受检类型转换

类型转换为带有具体类型参数的泛型类型，如 foo as List<String> 无法在运行时检测。
当高级程序逻辑隐含了类型转换的类型安全而无法直接通过编译器推断时，
可以使用这种非受检类型转换。 See the example below.

fun readDictionary(file: File): Map<String, *> = file.inputStream().use { 
    TODO("Read a mapping of strings to arbitrary elements.")
}

// 我们已将存有一些 `Int` 的映射保存到这个文件
val intsFile = File("ints.dictionary")

// Warning: Unchecked cast: `Map<String, *>` to `Map<String, Int>`
val intsDictionary: Map<String, Int> = readDictionary(intsFile) as Map<String, Int>


最后一行的类型转换会出现一个警告。编译器无法在运行时完全检测该类型转换，并且不能保证映射中的值是“Int”。

为避免未受检类型转换，可以重新设计程序结构。在上例中，可以使用具有类型安全实现的不同接口
DictionaryReader<T> 与 DictionaryWriter<T>。
可以引入合理的抽象，将未受检的类型转换从调用处移动到实现细节中。
正确使用泛型型变也有帮助。

对于泛型函数，使用具体化的类型参数可以使形如 arg as T 这样的类型转换受检，除非 arg 对应类型的自身类型参数已被擦除。

可以通过在产生警告的语句或声明上用注解 @Suppress("UNCHECKED_CAST")
标注来禁止未受检类型转换警告：

inline fun <reified T> List<*>.asListOfType(): List<T>? =
    if (all { it is T })
        @Suppress("UNCHECKED_CAST")
        this as List<T> else
        null



对于 JVM 平台：数组类型（Array<Foo>）会保留关于其元素被擦除类型的信息，并且类型转换为一个数组类型可以部分受检：
元素类型的可空性与类型实参仍然会被擦除。例如，
如果 foo 是一个保存了任何 List<*>（无论可不可空）的数组的话，类型转换 foo as Array<List<String>?> 都会成功。
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Underscore operator for type arguments

The underscore operator _ can be used for type arguments. Use it to automatically infer a type of the argument when other types are explicitly specified:

abstract class SomeClass<T> {
    abstract fun execute() : T
}

class SomeImplementation : SomeClass<String>() {
    override fun execute(): String = "Test"
}

class OtherImplementation : SomeClass<Int>() {
    override fun execute(): Int = 42
}

object Runner {
    inline fun <reified S: SomeClass<T>, T> run() : T {
        return S::class.java.getDeclaredConstructor().newInstance().execute()
    }
}

fun main() {
    // T is inferred as String because SomeImplementation derives from SomeClass<String>
    val s = Runner.run<SomeImplementation, _>()
    assert(s == "Test")

    // T is inferred as Int because OtherImplementation derives from SomeClass<Int>
    val n = Runner.run<OtherImplementation, _>()
    assert(n == 42)
}



        

    



        
    



        

    
        对象表达式与对象声明

        
            对象声明与对象表达式

In Kotlin, objects allow you to define a class and create an instance of it in a single step.
This is useful when you need either a reusable singleton instance or a one-time object.
To handle these scenarios, Kotlin provides two key approaches: object declarations for creating singletons and object expressions for creating anonymous, one-time objects.


A singleton ensures that a class has only one instance and provides a global point of access to it.
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Object declarations and object expressions are best used for scenarios when:


	Using singletons for shared resources: You need to ensure that only one instance of a class exists throughout the application.
For example, managing a database connection pool.

	Creating factory methods: You need a convenient way to create instances efficiently.
Companion objects allow you to define class-level functions and properties tied to a class, simplifying the creation and management of these instances.

	Modifying existing class behavior temporarily: You want to modify the behavior of an existing class without the need to create a new subclass.
For example, adding temporary functionality to an object for a specific operation.

	Type-safe design is required: You require one-time implementations of interfaces or abstract classes using object expressions.
This can be useful for scenarios like a button click handler.



对象声明

You can create single instances of objects in Kotlin using object declarations, which always have a name following the object keyword.
This allows you to define a class and create an instance of it in a single step, which is useful for implementing singletons:

//sampleStart
// Declares a Singleton object to manage data providers
object DataProviderManager {
    private val providers = mutableListOf<DataProvider>()

    // Registers a new data provider
    fun registerDataProvider(provider: DataProvider) {
        providers.add(provider)
    }

    // Retrieves all registered data providers
    val allDataProviders: Collection<DataProvider> 
        get() = providers
}
//sampleEnd

// Example data provider interface
interface DataProvider {
    fun provideData(): String
}

// Example data provider implementation
class ExampleDataProvider : DataProvider {
    override fun provideData(): String {
        return "Example data"
    }
}

fun main() {
    // Creates an instance of ExampleDataProvider
    val exampleProvider = ExampleDataProvider()

    // To refer to the object, use its name directly
    DataProviderManager.registerDataProvider(exampleProvider)

    // Retrieves and prints all data providers
    println(DataProviderManager.allDataProviders.map { it.provideData() })
    // [Example data]
}



对象声明的初始化过程是线程安全的并且在首次访问时进行。
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如需引用该对象（object），直接使用其名称即可：

DataProviderManager.registerDataProvider(exampleProvider)


Object declarations can also have supertypes,
similar to how anonymous objects can inherit from existing classes or implement interfaces:

object DefaultListener : MouseAdapter() {
    override fun mouseClicked(e: MouseEvent) { …… }

    override fun mouseEntered(e: MouseEvent) { …… }
}


Like variable declarations, object declarations are not expressions, so they cannot be used on the right-hand side
of an assignment statement:

// Syntax error: An object expression cannot bind a name.
val myObject = object MySingleton {
    val name = "Singleton"
}


对象声明不能在局部作用域，这意味着它们不能直接嵌套在函数内部。
不过，它们可以嵌套在其他对象声明或非内部类中。

Data objects

When printing a plain object declaration in Kotlin, the string representation contains both its name and the hash of the object:

object MyObject

fun main() {
    println(MyObject) 
    // MyObject@hashcode
}


However, by marking an object declaration with the data modifier,
you can instruct the compiler to return the actual name of the object when calling toString(), the same way it works for data classes:

data object MyDataObject {
    val number: Int = 3
}

fun main() {
    println(MyDataObject) 
    // MyDataObject
}


Additionally, the compiler generates several functions for your data object:


	toString() returns the name of the data object

	equals()/hashCode() enables equality checks and hash-based collections


You can't provide a custom equals or hashCode implementation for a data object.
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The equals() function for a data object ensures that all objects that have the type of your data object are considered equal.
In most cases, you will only have a single instance of your data object at runtime, since a data object declares a singleton.
However, in the edge case where another object of the same type is generated at runtime (for example, by using platform
reflection with java.lang.reflect or a JVM serialization library that uses this API under the hood), this ensures that
the objects are treated as being equal.


Make sure that you only compare data objects structurally (using the == operator) and never by reference (using the === operator).
This helps you to avoid pitfalls when more than one instance of a data object exists at runtime.
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import java.lang.reflect.Constructor

data object MySingleton

fun main() {
    val evilTwin = createInstanceViaReflection()

    println(MySingleton) 
    // MySingleton

    println(evilTwin) 
    // MySingleton

    // Even when a library forcefully creates a second instance of MySingleton, 
    // its equals() function returns true:
    println(MySingleton == evilTwin) 
    // true

    // Don't compare data objects using ===
    println(MySingleton === evilTwin) 
    // false
}

fun createInstanceViaReflection(): MySingleton {
    // Kotlin reflection does not permit the instantiation of data objects.
    // This creates a new MySingleton instance "by force" (using Java platform reflection)
    // Don't do this yourself!
    return (MySingleton.javaClass.declaredConstructors[0].apply { isAccessible = true } as Constructor<MySingleton>).newInstance()
}


The generated hashCode() function has a behavior that is consistent with the equals() function, so that all runtime
instances of a data object have the same hash code.

Differences between data objects and data classes

While data object and data class declarations are often used together and have some similarities, there are some
functions that are not generated for a data object:


	No copy() function. Because a data object declaration is intended to be used as singletons, no copy()
function is generated. Singletons restrict the instantiation of a class to a single instance, which would
be violated by allowing copies of the instance to be created.

	No componentN() function. Unlike a data class, a data object does not have any data properties.
Since attempting to destructure such an object without data properties wouldn't make sense, no componentN() functions are generated.



Use data objects with sealed hierarchies

Data object declarations are particularly useful for sealed hierarchies like
sealed classes or sealed interfaces.
They allow you to maintain symmetry with any data classes you may have defined alongside the object.

In this example, declaring EndOfFile as a data object instead of a plain object
means that it will get the toString() function without the need to override it manually:

sealed interface ReadResult
data class Number(val number: Int) : ReadResult
data class Text(val text: String) : ReadResult
data object EndOfFile : ReadResult

fun main() {
    println(Number(7)) 
    // Number(number=7)
    println(EndOfFile) 
    // EndOfFile
}


伴生对象

Companion objects allow you to define class-level functions and properties.
This makes it easy to create factory methods, hold constants, and access shared utilities.

类内部的对象声明可以用 companion 关键字标记：

class MyClass {
    companion object Factory {
        fun create(): MyClass = MyClass()
    }
}


该伴生对象（companion object）的成员可通过只使用类名作为限定符来调用：

class User(val name: String) {
    // Defines a companion object that acts as a factory for creating User instances
    companion object Factory {
        fun create(name: String): User = User(name)
    }
}

fun main(){
    // Calls the companion object's factory method using the class name as the qualifier. 
    // Creates a new User instance
    val userInstance = User.create("John Doe")
    println(userInstance.name)
    // John Doe
}


可以省略伴生对象的名称，在这种情况下使用名称 Companion：

class User(val name: String) {
    // Defines a companion object without a name
    companion object { }
}

// Accesses the companion object
val companionUser = User.Companion


Class members can access private members of their corresponding companion object:

class User(val name: String) {
    companion object {
        private val defaultGreeting = "Hello"
    }

    fun sayHi() {
        println(defaultGreeting)
    }
}
User("Nick").sayHi()
// Hello


When a class name is used by itself, it acts as a reference to the companion object of the class,
regardless of whether the companion object is named or not:

//sampleStart
class User1 {
    // Defines a named companion object
    companion object Named {
        fun show(): String = "User1's Named Companion Object"
    }
}

// References the companion object of User1 using the class name
val reference1 = User1

class User2 {
    // Defines an unnamed companion object
    companion object {
        fun show(): String = "User2's Companion Object"
    }
}

// References the companion object of User2 using the class name
val reference2 = User2
//sampleEnd

fun main() {
    // Calls the show() function from the companion object of User1
    println(reference1.show()) 
    // User1's Named Companion Object

    // Calls the show() function from the companion object of User2
    println(reference2.show()) 
    // User2's Companion Object
}


虽然 Kotlin 中伴生对象的成员看起来像其他语言的静态成员，
但是它们实际上是伴生对象的实例成员，这意味着它们属于对象本身。
这让伴生对象可以实现接口：

interface Factory<T> {
    fun create(name: String): T
}

class User(val name: String) {
    // Defines a companion object that implements the Factory interface
    companion object : Factory<User> {
        override fun create(name: String): User = User(name)
    }
}

fun main() {
    // Uses the companion object as a Factory
    val userFactory: Factory<User> = User
    val newUser = userFactory.create("Example User")
    println(newUser.name)
    // Example User
}


当然，在 JVM 平台，如果使用 @JvmStatic 注解，你可以将伴生对象的成员生成为真正的静态方法和字段。更详细信息请参见Java 互操作性一节
。

对象表达式

Object expressions declare a class and create an instance of that class, but without naming either of them.
These classes are useful for one-time use. They can either be created from scratch, inherit from existing classes,
or implement interfaces. Instances of these classes are also called anonymous objects because they are defined by
an expression, not a name.

Create anonymous objects from scratch

Object expressions start with the object keyword.

If the object doesn't extend any classes or implement interfaces, you can define an object's members directly inside curly braces after the object keyword:

fun main() {
//sampleStart
    val helloWorld = object {
        val hello = "Hello"
        val world = "World"
        // Object expressions extend the Any class, which already has a toString() function,
        // so it must be overridden
        override fun toString() = "$hello $world"
    }

    print(helloWorld)
    // Hello World
//sampleEnd
}


Inherit anonymous objects from supertypes

如需创建一个继承自某个（或某些）类型的匿名对象， specify this type after object and a
colon :. Then implement or override the members of this class as if you were inheriting from it:

window.addMouseListener(object : MouseAdapter() {
    override fun mouseClicked(e: MouseEvent) { /*...*/ }

    override fun mouseEntered(e: MouseEvent) { /*...*/ }
})


如果超类型有一个构造函数，那么传递适当的构造函数参数给它。
可以指定多个超类型，在冒号后用逗号分隔：

//sampleStart
// Creates an open class BankAccount with a balance property
open class BankAccount(initialBalance: Int) {
    open val balance: Int = initialBalance
}

// Defines an interface Transaction with an execute() function
interface Transaction {
    fun execute()
}

// A function to perform a special transaction on a BankAccount
fun specialTransaction(account: BankAccount) {
    // Creates an anonymous object that inherits from the BankAccount class and implements the Transaction interface
    // The balance of the provided account is passed to the BankAccount superclass constructor
    val temporaryAccount = object : BankAccount(account.balance), Transaction {

        override val balance = account.balance + 500  // Temporary bonus

        // Implements the execute() function from the Transaction interface
        override fun execute() {
            println("Executing special transaction. New balance is $balance.")
        }
    }
    // Executes the transaction
    temporaryAccount.execute()
}
//sampleEnd
fun main() {
    // Creates a BankAccount with an initial balance of 1000
    val myAccount = BankAccount(1000)
    // Performs a special transaction on the created account
    specialTransaction(myAccount)
    // Executing special transaction. New balance is 1500.
}


Use anonymous objects as return and value types

When you return an anonymous object from a local or private function or property,
all the members of that anonymous object are accessible through that function or property:

//sampleStart
class UserPreferences {
    private fun getPreferences() = object {
        val theme: String = "Dark"
        val fontSize: Int = 14
    }

    fun printPreferences() {
        val preferences = getPreferences()
        println("Theme: ${preferences.theme}, Font Size: ${preferences.fontSize}")
    }
}
//sampleEnd

fun main() {
    val userPreferences = UserPreferences()
    userPreferences.printPreferences()
    // Theme: Dark, Font Size: 14
}


This allows you to return an anonymous object with specific properties,
offering a simple way to encapsulate data or behavior without creating a separate class.

If a function or property that returns an anonymous object has public, protected, or internal visibility, its actual type is:


	Any if the anonymous object doesn't have a declared supertype.

	The declared supertype of the anonymous object, if there is exactly one such type.

	The explicitly declared type if there is more than one declared supertype.



In all these cases, members added in the anonymous object are not accessible. Overridden members are accessible if they
are declared in the actual type of the function or property. For example:

//sampleStart
interface Notification {
    // Declares notifyUser() in the Notification interface
    fun notifyUser()
}

interface DetailedNotification

class NotificationManager {
    // The return type is Any. The message property is not accessible.
    // When the return type is Any, only members of the Any class are accessible.
    fun getNotification() = object {
        val message: String = "General notification"
    }

    // The return type is Notification because the anonymous object implements only one interface
    // The notifyUser() function is accessible because it is part of the Notification interface
    // The message property is not accessible because it is not declared in the Notification interface
    fun getEmailNotification() = object : Notification {
        override fun notifyUser() {
            println("Sending email notification")
        }
        val message: String = "You've got mail!"
    }

    // The return type is DetailedNotification. The notifyUser() function and the message property are not accessible
    // Only members declared in the DetailedNotification interface are accessible
    fun getDetailedNotification(): DetailedNotification = object : Notification, DetailedNotification {
        override fun notifyUser() {
            println("Sending detailed notification")
        }
        val message: String = "Detailed message content"
    }
}
//sampleEnd
fun main() {
    // This produces no output
    val notificationManager = NotificationManager()

    // The message property is not accessible here because the return type is Any
    // This produces no output
    val notification = notificationManager.getNotification()

    // The notifyUser() function is accessible
    // The message property is not accessible here because the return type is Notification
    val emailNotification = notificationManager.getEmailNotification()
    emailNotification.notifyUser()
    // Sending email notification

    // The notifyUser() function and message property are not accessible here because the return type is DetailedNotification
    // This produces no output
    val detailedNotification = notificationManager.getDetailedNotification()
}


Access variables from anonymous objects

对象表达式主体内的代码可以访问来自包含它的作用域的变量：

import java.awt.event.MouseAdapter
import java.awt.event.MouseEvent

fun countClicks(window: JComponent) {
    var clickCount = 0
    var enterCount = 0

    // MouseAdapter provides default implementations for mouse event functions
    // Simulates MouseAdapter handling mouse events
    window.addMouseListener(object : MouseAdapter() {
        override fun mouseClicked(e: MouseEvent) {
            clickCount++
        }

        override fun mouseEntered(e: MouseEvent) {
            enterCount++
        }
    })
    // The clickCount and enterCount variables are accessible within the object expression
}


对象声明与表达式之间的行为差异

对象声明与对象表达式在初始化行为方面存在差异：


	对象表达式是在使用他们的地方立即执行（及初始化）的。

	对象声明是在第一次被访问到时延迟初始化的。

	伴生对象的初始化是在相应的类被加载（解析）时，与 Java 静态初始化器的语义相匹配
。
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委托模式已经证明是实现继承的一个很好的替代方式，
而 Kotlin 可以零样板代码地原生支持它。

Derived 类可以通过将其所有公有成员都委托给指定对象来实现一个接口 Base：

interface Base {
    fun print()
}

class BaseImpl(val x: Int) : Base {
    override fun print() { print(x) }
}

class Derived(b: Base) : Base by b

fun main() {
    val base = BaseImpl(10)
    Derived(base).print()
}


Derived 的超类型列表中的 by-子句表示 b 将会在 Derived 中内部存储，
并且编译器将生成转发给 b 的所有 Base 的方法。

覆盖由委托实现的接口成员

覆盖符合预期：编译器会使用 override
覆盖的实现而不是委托对象中的。如果将 override fun printMessage() { print("abc") } 添加到
Derived，那么当调用 printMessage 时程序会输出 abc 而不是 10：

interface Base {
    fun printMessage()
    fun printMessageLine()
}

class BaseImpl(val x: Int) : Base {
    override fun printMessage() { print(x) }
    override fun printMessageLine() { println(x) }
}

class Derived(b: Base) : Base by b {
    override fun printMessage() { print("abc") }
}

fun main() {
    val base = BaseImpl(10)
    Derived(base).printMessage()
    Derived(base).printMessageLine()
}


但请注意，以这种方式重写的成员不会在委托对象的成员中调用
，委托对象的成员只能访问其自身对接口成员实现：

interface Base {
    val message: String
    fun print()
}

class BaseImpl(x: Int) : Base {
    override val message = "BaseImpl: x = $x"
    override fun print() { println(message) }
}

class Derived(b: Base) : Base by b {
    // 在 b 的 `print` 实现中不会访问到这个属性
    override val message = "Message of Derived"
}

fun main() {
    val b = BaseImpl(10)
    val derived = Derived(b)
    derived.print()
    println(derived.message)
}


Learn more about delegated properties.
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	函数

	lambda 表达式

	内联函数

	操作符重载

	构建器
	类型安全的构建器

	使用带有构建器类型推断的构建器
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表示当前的 接收者 可使用 this 表达式：


	在类的成员中，this 指的是该类的当前对象。

	在扩展函数或者带有接收者的函数字面值中，
this 表示在点左侧传递的 接收者 参数。



如果 this 没有限定符，它指的是最内层的包含它的作用域。要引用其他作用域中的 this，请使用 标签限定符：

限定的 this

要访问来自外部作用域的 this（一个类 或者扩展函数，
或者带标签的带有接收者的函数字面值）使用this@label，
其中 @label 是一个代指 this 来源的标签：

class A { // 隐式标签 @A
    inner class B { // 隐式标签 @B
        fun Int.foo() { // 隐式标签 @foo
            val a = this@A // A 的 this
            val b = this@B // B 的 this

            val c = this // foo() 的接收者，一个 Int
            val c1 = this@foo // foo() 的接收者，一个 Int

            val funLit = lambda@ fun String.() {
                val d = this // funLit 的接收者，一个 String
            }

            val funLit2 = { s: String ->
                // foo() 的接收者，因为它包含的 lambda 表达式
                // 没有任何接收者
                val d1 = this
            }
        }
    }
}


Implicit this

当对 this 调用成员函数时，可以省略 this. 部分。
但是如果有一个同名的非成员函数时，请谨慎使用，因为在某些情况下会调用同名的非成员：

fun main() {
    fun printLine() { println("Local function") }

  class A {
    fun printLine() { println("Member function") }

        fun invokePrintLine(omitThis: Boolean = false) {
      if (omitThis) printLine()
      else this.printLine()
    }
  }

  A().invokePrintLine() // Member function
    A().invokePrintLine(omitThis = true) // Local function
}
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几十年以来，作为开发人员，我们面临着需要解决的问题——如何防止我们的应用程序被阻塞。
当我们正在开发桌面应用，移动应用，甚至服务器端应用程序时，我们希望避免让用户等待或导致更糟糕的原因成为阻碍应用程序扩展的瓶颈。

有很多途径来解决这种问题，包括：


	线程

	回调

	Future、 Promise 及其他

	反应式扩展

	协程



在解释协程的含义之前，让我们简要回顾一些其他解决方案。

线程

到目前为止，线程可能是最常见的避免应用程序阻塞的方法。

fun postItem(item: Item) {
    val token = preparePost()
    val post = submitPost(token, item)
    processPost(post)
}

fun preparePost(): Token {
    // 发起请求并因此阻塞了主线程
    return token
}


让我们假设在上面的代码中，preparePost 是一个长时间运行的进程，因此会阻塞用户界面。我们可以做的是在一个单独的线程中启动它。这样就可以允许我们避免阻塞 UI。这是一种非常常见的技术，但有一系列缺点：


	线程并非廉价的。线程需要昂贵的上下文切换。

	线程不是无限的。可被启动的线程数受底层操作系统的限制。在服务器端应用程序中，这可能会导致严重的瓶颈。

	线程并不总是可用。在一些平台中，比如 JavaScript 甚至不支持线程。

	线程不容易使用。调试线程与避免竞争条件是我们在多线程编程中遇到的常见问题。



回调

使用回调，其想法是将一个函数作为参数传递给另一个函数，并在处理完成后调用此函数。

fun postItem(item: Item) {
    preparePostAsync { token -> 
        submitPostAsync(token, item) { post -> 
            processPost(post)
        }
    }
}

fun preparePostAsync(callback: (Token) -> Unit) {
    // 发起请求并立即返回
    // 设置稍后调用的回调
}


原则上这感觉就像一个更优雅的解决方案，但又有几个问题：


	回调嵌套的难度。通常被用作回调的函数，经常最终需要自己的回调。这导致了一系列回调嵌套并导致出现难以理解的代码。该模式通常被称为回调地狱，or the pyramid of doom) due to the triangular shape that indentations from these deeply nested callbacks create.

	错误处理很复杂。嵌套模型使错误处理和传播变得更加复杂。 



回调在诸如 JavaScript 之类的事件循环体系结构中非常常见，但即使在那里，通常人们已经转而使用其他方法，例如 promises 或反应式扩展。

Future、 Promise 及其他

futures 或 promises 背后的想法（根据语言或平台的不同可能会使用其他术语），是当我们发起调用的时候，对我们承诺在某些时候该调用会返回一个 Promise 对象，然后我们可以对其进行操作。

fun postItem(item: Item) {
    preparePostAsync() 
        .thenCompose { token -> 
            submitPostAsync(token, item)
        }
        .thenAccept { post -> 
            processPost(post)
        }

}

fun preparePostAsync(): Promise<Token> {
    // 发起请求并当稍后的请求完成时返回一个 promise
    return promise 
}


这种方法需要对我们的编程方式进行一系列更改，尤其是：


	不同的编程模型。与回调类似，编程模型从自上而下的命令式方法转变为具有链式调用的组合模型。传统的编程结构例如循环，异常处理，等等。通常在此模型中不再有效。

	不同的 API。通常这需要学习完整的新 API 诸如 thenCompose 或 thenAccept，这也可能因平台而异。

	具体的返回值类型。返回类型远离我们需要的实际数据，而是返回一个必须被内省的新类型“Promise”。

	异常处理会很复杂。错误的传播和链接并不总是直截了当的。



反应式扩展

Erik Meijer) 将反应式扩展（Rx）引入了 C#. 虽然它在 .NET 平台上是毫无疑义的，
但是在 Netflix 将它移植到 Java 并取名为 RxJava 之前绝对不是主流。从那时起，反应式被移植到各种平台，包括 JavaScript（RxJS）。

Rx 背后的想法是走向所谓的“可观察流”，我们现在将数据视为流（无限量的数据），并且可以观察到这些流。 实际上，Rx 很简单，
Observer Pattern 带有一系列扩展，允许我们对数据进行操作。

在方法上它与 Futures 非常相似，但是人们可以将 Future 视为一个离散元素，而 Rx 返回一个流。然而，与前面类似，它还介绍了一种全新的思考我们的编程模型的方式，著名的表述是：

“一切都是流，并且它是可被观察的”

这意味着处理问题的方式不同，并且在编写同步代码时从我们使用的方式发生了相当大的转变。与 Futures 相反的一个好处是，它被移植到这么多平台，通常我们可以找到一致的 API 体验，无论我们使用 C＃、Java、JavaScript，还是 Rx 可用的任何其他语言。

此外，Rx 确实引入了一种更好的错误处理方法。

协程

Kotlin 编写异步代码的方式是使用协程，这是一种计算可被挂起的想法。即一种函数可以在某个时刻暂停执行并稍后恢复的想法。

协程的一个好处是，当涉及到开发人员时，编写非阻塞代码与编写阻塞代码基本相同。编程模型本身并没有真正改变。

以下面的代码为例：

fun postItem(item: Item) {
    launch {
        val token = preparePost()
        val post = submitPost(token, item)
        processPost(post)
    }
}

suspend fun preparePost(): Token {
    // 发起请求并挂起该协程
    return suspendCoroutine { /* ... */ } 
}


此代码将启动长时间运行的操作，而不会阻塞主线程。preparePost 就是所谓的 
可挂起的函数，因此它含有 suspend 前缀。这意味着如上所述，该函数将被执行、暂停执行以及在某个时间点恢复。 


	该函数的签名保持完全相同。唯一的不同是它被添加了 suspend 修饰符。但是返回类型依然是我们想要的类型。

	编写这段代码代码就好像我们正在编写同步代码，自上而下，不需要任何特殊语法，除了使用一个名为 launch 的函数，它实质上启动了该协程（在其他教程中介绍）。

	编程模型和 API 保持不变。我们可以继续使用循环，异常处理等，而且不需要学习一整套新的 API。

	它与平台无关。无论我们是面向 JVM，JavaScript 还是其他任何平台，我们编写的代码都是相同的。编译器负责将其适应每个平台。



协程并不是一个新的概念，它并不是 Kotlin 发明的。它们已经存在了几十年，并且在 Go 等其他一些编程语言中很受欢迎。但重要的是要注意就是他们在 Kotlin 中实现的方式，大部分功能都委托给了库。事实上，除了 suspend 关键字，没有任何其他关键字被添加到语言中。这也是与其他语言的不同之处，例如 C# 将 async 以及 await 作为语法的一部分。而在 Kotlin 中，他们都只是库函数。

For more information, see the Coroutines reference.
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	从文件中取数据

	从 web 源与 API 取数据

	链接数据库并从中取数据
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Kotlin Notebook, coupled with the Kotlin DataFrame library, enables 
you to work with both non-structured and structured data. This combination offers the flexibility to transform non-structured data, 
such as data found in TXT files, into structured datasets. 

For data transformations, you can use such methods as add, split,
convert, and parse. 
Additionally, this toolset enables the retrieval and manipulation of data from various structured file formats, 
including CSV, JSON, XLS, XLSX, and Apache Arrow.

In this guide, you can learn how to retrieve, refine, and handle data through multiple examples.

Before you start

Kotlin Notebook relies on the Kotlin Notebook plugin,
which is bundled and enabled in IntelliJ IDEA by default.

If the Kotlin Notebook features are not available, ensure the plugin is enabled. For more information,
see Set up an environment.

Create a new Kotlin Notebook:


	Select File | New | Kotlin Notebook.

	In the Kotlin Notebook, import the Kotlin DataFrame library by running the following command:

%use dataframe






Retrieve data from a file

To retrieve data from a file in Kotlin Notebook:


	Open your Kotlin Notebook file (.ipynb).

	Import the Kotlin DataFrame library by adding %use dataframe in a code cell at the start of your notebook.


Make sure to run the code cell with the %use dataframe line before you run any other code cells that rely on the Kotlin DataFrame library.

[image: ]





	Use the .read() function from the Kotlin DataFrame library to retrieve data. 
For example, to read a CSV file, use: DataFrame.read("example.csv").





The .read() function automatically detects the input format based on the file extension and content.
You can also add other arguments to customize the function, such as specifying the delimiter with delimiter = ';'.


For a comprehensive overview of additional file formats and a variety of read functions, see the 
Kotlin DataFrame library documentation.

[image: ]



Display data

Once you have the data in your notebook, you can easily store it in a variable and access it by running the 
following in a code cell: 

val dfJson = DataFrame.read("jsonFile.json")
dfJson


This code displays the data from the file of your choice, such as CSV, JSON, XLS, XLSX, or Apache Arrow.

[image: Display data]

To gain insights into the structure or schema of your data, apply the .schema() function on your DataFrame variable. 
For example, dfJson.schema() lists the type of each column in your JSON dataset.

[image: Schema example]

You can also use the autocompletion feature in Kotlin Notebook to quickly access and manipulate the properties of your 
DataFrame. After loading your data, simply type the DataFrame variable followed by a dot to see a list of available columns 
and their types.

[image: Available properties]

Refine data

Among the various operations available in the Kotlin DataFrame library for refining your dataset, key examples include grouping,
filtering, updating, 
and adding new columns. These functions are essential for data analysis, allowing you to organize, clean, and 
transform your data effectively. 

Let's look at an example where the data includes movie titles and their corresponding release year in the same cell. 
The goal is to refine this dataset for easier analysis:


	Load your data into the notebook using the .read() function. This example involves reading data from a CSV file named 
movies.csv and creating a DataFrame called movies:

val movies = DataFrame.read("movies.csv")




	Extract the release year from the movie titles using regex and add it as a new column:

val moviesWithYear = movies
    .add("year") { 
        "\\d{4}".toRegex()
            .findAll(title)
            .lastOrNull()
            ?.value
            ?.toInt()
            ?: -1
    }




	Modify the movie titles by removing the release year from each title. 
This cleans up the titles for consistency:

val moviesTitle = moviesWithYear
    .update("title") {
        "\\s*\\(\\d{4}\\)\\s*$".toRegex().replace(title, "")
    }




	Use the filter method to focus on specific data. 
In this case, the dataset is filtered to focus on movies that were released after the year 1996:

val moviesNew = moviesWithYear.filter { year >= 1996 }
moviesNew






For comparison, here is the dataset before refinement:

[image: Original dataset]

The refined dataset:

[image: Data refinement result]

This is a practical demonstration of how you can use the Kotlin DataFrame library's methods, like add, update, and filter to 
effectively refine and analyze data in Kotlin.


For additional use cases and detailed examples, see Examples of Kotlin Dataframe.

[image: ]



Save DataFrame

After refining data in Kotlin Notebook using the Kotlin DataFrame library, you can easily export your processed 
data. You can utilize a variety of .write() functions for this purpose, which support saving in multiple formats,
including CSV, JSON, XLS, XLSX, Apache Arrow, and even HTML tables.
This can be particularly useful for sharing your findings, creating reports, or making your data available for further analysis.

Here's how you can filter a DataFrame, remove a column, save the refined data to a JSON file, and open an HTML table 
in your browser:


	In Kotlin Notebook, use the .read() function to load a file named
movies.csv into a DataFrame named moviesDf:

val moviesDf = DataFrame.read("movies.csv")




	Filter the DataFrame to only include movies that belong to the "Action" genre using the .filter method:

val actionMoviesDf = moviesDf.filter { genres.equals("Action") }




	Remove the movieId column from the DataFrame using .remove:

val refinedMoviesDf = actionMoviesDf.remove { movieId }
refinedMoviesDf




	The Kotlin DataFrame library offers various write functions to save data in different formats. In this example, 
the .writeJson() function is used to save the modified movies.csv as a JSON file:

refinedMoviesDf.writeJson("movies.json")




	Use the .toStandaloneHTML() function to convert the DataFrame into a standalone HTML 
table and open it in your default web browser:

refinedMoviesDf.toStandaloneHTML(DisplayConfiguration(rowsLimit = null)).openInBrowser()






下一步做什么


	Explore data visualization using the Kandy library

	Find additional information about data visualization in Data visualization in Kotlin Notebook with Kandy

	For an extensive overview of tools and resources available for data science and analysis in Kotlin, see Kotlin and Java libraries for data analysis
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Get started with Spring Boot and Kotlin by completing this tutorial: it walks you through the process of creating a simple 
application with Spring Boot and adding a database to store the information.  

Going through these four steps, you'll learn a lot of essential features of the Kotlin language: 




  Create a Spring Boot project




 Add a data class to Spring Boot project




  Add database support for the Spring Boot project




 Use Spring Data CrudRepository for database access

Next step

Start by creating a Spring Boot project with Kotlin using IntelliJ IDEA.

See also

Look through our Java to Kotlin (J2K) interop and migration guides:


	Calling Java from Kotlin and Calling Kotlin from Java

	Collections in Java and Kotlin

	Strings in Java and Kotlin



Join the community


	

 Kotlin slack: get an invitation and join the #spring and #server channels 

	


 Stack Overflow: subscribe to the "kotlin", "spring-kotlin", or "ktor" tags

	

 Kotlin YouTube channel: subscribe and watch videos about Kotlin with Spring
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    This is the first part of the Get started with Spring Boot and Kotlin tutorial:





    


 Create a Spring Boot project with Kotlin






 Add a data class to the Spring Boot project






 Add database support for the Spring Boot project






 Use Spring Data CrudRepository for database access







The first part of the tutorial shows how to create a Spring Boot project with Gradle in IntelliJ IDEA using the Project Wizard.


This tutorial doesn't require using Gradle as the build system. You can follow the same steps if you use Maven.

[image: ]



Before you start

Download and install the latest version of IntelliJ IDEA Ultimate Edition.


If you use IntelliJ IDEA Community Edition or another IDE, you can generate a Spring Boot project using
a web-based project generator.

[image: ]



Create a Spring Boot project

Create a new Spring Boot project with Kotlin by using the Project Wizard in IntelliJ IDEA Ultimate Edition:


	In IntelliJ IDEA, select File | New | Project. 

	In the panel on the left, select New Project | Spring Boot.

	Specify the following fields and options in the New Project window:


	Name: demo

	Language: Kotlin

	Type: Gradle - Kotlin


This option specifies the build system and the DSL.

[image: ]





	Package name: com.example.demo



	JDK: Java JDK


This tutorial uses Amazon Corretto version 23.
If you don't have a JDK installed, you can download it from the dropdown list.

[image: ]





	Java: 17





[image: Create Spring Boot project]



	Ensure that you have specified all the fields and click Next.



	Select the following dependencies that will be required for the tutorial:


	Web | Spring Web

	SQL | Spring Data JDBC

	SQL | H2 Database



[image: Set up Spring Boot project]



	Click Create to generate and set up the project.


The IDE will generate and open a new project. It may take some time to download and import the project dependencies.

[image: ] 





	After this, you can observe the following structure in the Project view:

[image: Set up Spring Boot project]

The generated Gradle project corresponds to the Maven's standard directory layout:


	There are packages and classes under the main/kotlin folder that belong to the application.

	The entry point to the application is the main() method of the DemoApplication.kt file.







Explore the project Gradle build file

Open the build.gradle.kts file: it is the Gradle Kotlin build script, which contains a list of the dependencies required for the application.

The Gradle file is standard for Spring Boot, but it also contains necessary Kotlin dependencies, including the kotlin-spring Gradle plugin – kotlin("plugin.spring").

Here is the full script with the explanation of all parts and dependencies:

// build.gradle.kts
plugins {
    kotlin("jvm") version "1.9.25" // The version of Kotlin to use
    kotlin("plugin.spring") version "1.9.25" // The Kotlin Spring plugin
    id("org.springframework.boot") version "3.4.5"
    id("io.spring.dependency-management") version "1.1.7"
}

group = "com.example"
version = "0.0.1-SNAPSHOT"

java {
    toolchain {
        languageVersion = JavaLanguageVersion.of(17)
    }
}

repositories {
    mavenCentral()
}

dependencies {
    implementation("org.springframework.boot:spring-boot-starter-data-jdbc")
    implementation("org.springframework.boot:spring-boot-starter-web")
    implementation("com.fasterxml.jackson.module:jackson-module-kotlin") // Jackson extensions for Kotlin for working with JSON
    implementation("org.jetbrains.kotlin:kotlin-reflect") // Kotlin reflection library, required for working with Spring
    runtimeOnly("com.h2database:h2")
    testImplementation("org.springframework.boot:spring-boot-starter-test")
    testImplementation("org.jetbrains.kotlin:kotlin-test-junit5")
    testRuntimeOnly("org.junit.platform:junit-platform-launcher")
}

kotlin {
    compilerOptions {
        freeCompilerArgs.addAll("-Xjsr305=strict") // `-Xjsr305=strict` enables the strict mode for JSR-305 annotations
    }
}

tasks.withType<Test> {
    useJUnitPlatform()
}


As you can see, there are a few Kotlin-related artifacts added to the Gradle build file:


	In the plugins block, there are two Kotlin artifacts:


	kotlin("jvm") – the plugin defines the version of Kotlin to be used in the project

	kotlin("plugin.spring") – Kotlin Spring compiler plugin for adding the open modifier to Kotlin classes in order to make them compatible with Spring Framework features





	In the dependencies block, a few Kotlin-related modules listed:


	com.fasterxml.jackson.module:jackson-module-kotlin – the module adds support for serialization and deserialization of Kotlin classes and data classes

	org.jetbrains.kotlin:kotlin-reflect – Kotlin reflection library





	After the dependencies section, you can see the kotlin plugin configuration block.
This is where you can add extra arguments to the compiler to enable or disable various language features.





Learn more about the Kotlin compiler options in .

Explore the generated Spring Boot application

Open the DemoApplication.kt file:

// DemoApplication.kt
package com.example.demo

import org.springframework.boot.autoconfigure.SpringBootApplication
import org.springframework.boot.runApplication

@SpringBootApplication
class DemoApplication

fun main(args: Array<String>) {
    runApplication<DemoApplication>(*args)
}



   
      Right after package declaration and import statements you can see the first class declaration, class DemoApplication.

      In Kotlin, if a class doesn't include any members (properties or functions), you can omit the class body ({}) for good.

   
   
      @SpringBootApplication annotation is a convenience annotation in a Spring Boot application.
      It enables Spring Boot's auto-configuration, component scan, and be able to define an extra configuration on their "application class".
      

   
   
      The main() function is the entry point to the application.

      It is declared as a top-level function outside the DemoApplication class. The main() function invokes the Spring's runApplication(*args) function to start the application with the Spring Framework.

   
   
      If you check the declaration of the runApplication() function, you will see that the parameter of the function is marked with vararg modifier: vararg args: String.
        This means that you can pass a variable number of String arguments to the function.
      

   
   
      The args is a parameter to the main() function declared as an array of Strings.
        Since there is an array of strings, and you want to pass its content to the function, use the spread operator (prefix the array with a star sign *).
      

   



Create a controller

The application is ready to run, but let's update its logic first.

In the Spring application, a controller is used to handle the web requests.
In the same package, next to the DemoApplication.kt file, create the MessageController.kt file with the
MessageController class as follows:

// MessageController.kt
package com.example.demo

import org.springframework.web.bind.annotation.GetMapping
import org.springframework.web.bind.annotation.RequestParam
import org.springframework.web.bind.annotation.RestController

@RestController
class MessageController {
    @GetMapping("/")
    fun index(@RequestParam("name") name: String) = "Hello, $name!"
}



   
      You need to tell Spring that MessageController is a REST Controller, so you should mark it with the @RestController annotation.

      This annotation means this class will be picked up by the component scan because it's in the same package as our DemoApplication class.

   
   
      @GetMapping marks the functions of the REST controller that implement the endpoints corresponding to HTTP GET calls:

      
      @GetMapping("/")
      fun index(@RequestParam("name") name: String) = "Hello, $name!"
      
   
   
      The function parameter name is marked with @RequestParam annotation. This annotation indicates that a method parameter should be bound to a web request parameter.

      Hence, if you access the application at the root and supply a request parameter called "name", like /?name=<your-value>, the parameter value will be used as an argument for invoking the index() function.

   
   
      Since the index() function contains only one statement you can declare it as a single-expression function.

      This means the curly braces can be omitted and the body is specified after the equals sign =.

   
   
      The index() function does not declare the return type explicitly. Instead, the compiler infers the return type by looking at the result of the statement on the right-hand side from the equals sign =.

      The type of Hello, $name! expression is String, hence the return type of the function is also String.

   
   
      Hello, $name! expression is called a String template in Kotlin.

      String templates are String literals that contain embedded expressions.

      This is a convenient replacement for String concatenation operations.

   


Run the application

The Spring application is now ready to run:


	In the DemoApplication.kt file, click the green Run icon in the gutter beside the main() method:

 [image: Run Spring Boot application]


You can also run the ./gradlew bootRun command in the terminal.

 [image: ]



 This starts the local server on your computer.



	Once the application starts, open the following URL:

 http://localhost:8080?name=John


 You should see "Hello, John!" printed as a response:

 [image: Spring Application response]





Next step

In the next part of the tutorial, you'll learn about Kotlin data classes and how you can use them in your application.

Proceed to the next chapter


        

    



        
    



        

    
        集合

        
            Java 与 Kotlin 中的集合

Collections are groups of a variable number of items (possibly zero) that are significant to the problem being solved and are commonly operated on. 
This guide explains and compares collection concepts and operations in Java and Kotlin. 
It will help you migrate from Java to Kotlin and write your code in the authentically Kotlin way.

The first part of this guide contains a quick glossary of operations on the same collections in Java and Kotlin. 
It is divided into operations that are the same 
and operations that exist only in Kotlin. 
The second part of the guide, starting from Mutability, explains some of the differences by looking at specific cases.

For an introduction to collections, see the Collections overview or watch 
this video by Sebastian Aigner, Kotlin Developer Advocate.


All of the examples below use Java and Kotlin standard library APIs only.

[image: ]



在 Java 与 Kotlin 中相同的操作

In Kotlin, there are many operations on collections that look exactly the same as their counterparts in Java.

对 list、 set、 queue 与 deque 的操作




	描述
	共有操作
	更多 Kotlin 替代方式





	Add an element or elements
	add(), addAll()
	Use the plusAssign(+=) operator: collection += element, collection += anotherCollection.



	Check whether a collection contains an element or elements
	contains(), containsAll()
	Use the in keyword to call contains() in the operator form: element in collection.



	Check whether a collection is empty
	isEmpty()
	Use isNotEmpty() to check whether a collection is not empty.



	Remove under a certain condition
	removeIf()
	



	Leave only selected elements
	retainAll()
	



	Remove all elements from a collection
	clear()
	



	Get a stream from a collection
	stream()
	Kotlin has its own way to process streams: sequences and methods like map() and filter().



	Get an iterator from a collection
	iterator()





对 map 的操作




	描述
	共有操作
	更多 Kotlin 替代方式





	Add an element or elements
	put(), putAll(), putIfAbsent()
	In Kotlin, the assignment map[key] = value behaves the same as put(key, value). Also, you may use the plusAssign(+=) operator: map += Pair(key, value) or map += anotherMap.



	Replace an element or elements
	put(), replace(), replaceAll()
	Use the indexing operator map[key] = value instead of put() and replace().



	Get an element
	get()
	Use the indexing operator to get an element: map[index].



	Check whether a map contains an element or elements
	containsKey(), containsValue()
	Use the in keyword to call contains() in the operator form: element in map.



	Check whether a map is empty
	isEmpty()
	Use isNotEmpty() to check whether a map is not empty.



	Remove an element
	remove(key), remove(key, value)
	Use the minusAssign(-=) operator: map -= key.



	Remove all elements from a map
	clear()
	



	Get a stream from a map
	stream() on entries, keys, or values





仅针对 list 的操作




	描述
	共有操作
	更多 Kotlin 替代方式





	Get an index of an element
	indexOf()
	



	Get the last index of an element
	lastIndexOf()
	



	Get an element
	get()
	Use the indexing operator to get an element: list[index].



	Take a sublist
	subList()
	



	Replace an element or elements
	set(),  replaceAll()
	Use the indexing operator instead of set(): list[index] = value.





略有不同的操作

对任意集合类型的操作




	描述
	Java
	Kotlin





	Get a collection's size
	size()
	count(), size



	Get flat access to nested collection elements
	collectionOfCollections.forEach(flatCollection::addAll) or collectionOfCollections.stream().flatMap().collect()
	flatten() or flatMap()



	Apply the given function to every element
	stream().map().collect()
	map()



	Apply the provided operation to collection elements sequentially and return the accumulated result
	stream().reduce()
	reduce(), fold()



	Group elements by a classifier and count them
	stream().collect(Collectors.groupingBy(classifier, counting()))
	eachCount()



	Filter by a condition
	stream().filter().collect()
	filter()



	Check whether collection elements satisfy a condition
	stream().noneMatch(), stream().anyMatch(), stream().allMatch()
	none(), any(), all()



	Sort elements
	stream().sorted().collect()
	sorted()



	Take the first N elements
	stream().limit(N).collect()
	take(N)



	Take elements with a predicate
	stream().takeWhile().collect()
	takeWhile()



	Skip the first N elements
	stream().skip(N).collect()
	drop(N)



	Skip elements with a predicate
	stream().dropWhile().collect()
	dropWhile()



	Build maps from collection elements and certain values associated with them
	stream().collect(toMap(keyMapper, valueMapper))
	associate()





To perform all of the operations listed above on maps, you first need to get an entrySet of a map.

对 list 的操作




	描述
	Java
	Kotlin





	Sort a list into natural order
	sort(null)
	sort()



	Sort a list into descending order
	sort(comparator)
	sortDescending()



	Remove an element from a list
	remove(index), remove(element)
	removeAt(index), remove(element) or collection -= element



	Fill all elements of a list with a certain value
	Collections.fill()
	fill()



	Get unique elements from a list
	stream().distinct().toList()
	distinct()





Java 标准库中不存在的操作


	zip(), unzip() – transform a collection.

	aggregate() – group by a condition.

	takeLast(), takeLastWhile(), dropLast(), dropLastWhile() – take or drop elements by a predicate.

	slice(), chunked(), windowed() – retrieve collection parts.

	Plus (+) and minus (-) operators – add or remove elements.



If you want to take a deep dive into zip(), chunked(), windowed(), and some other operations, watch this video by Sebastian Aigner 
about advanced collection operations in Kotlin:

YouTube 视频：Advanced Collection Operations 



 





可变性

In Java, there are mutable collections:

// Java
// This list is mutable!
public List<Customer> getCustomers() { ... }


Partially mutable ones:

// Java
List<String> numbers = Arrays.asList("one", "two", "three", "four");
numbers.add("five"); // Fails in runtime with `UnsupportedOperationException`


And immutable ones:

// Java
List<String> numbers = new LinkedList<>();
// This list is immutable!
List<String> immutableCollection = Collections.unmodifiableList(numbers);
immutableCollection.add("five"); // Fails in runtime with `UnsupportedOperationException`


If you write the last two pieces of code in IntelliJ IDEA, the IDE will warn you that you're trying to modify an immutable object. 
This code will compile and fail in runtime with UnsupportedOperationException. You can't tell whether a collection is mutable by 
looking at its type.

Unlike in Java, in Kotlin you explicitly declare mutable or read-only collections depending on your needs. 
If you try to modify a read-only collection, the code won't compile:

// Kotlin
val numbers = mutableListOf("one", "two", "three", "four")
numbers.add("five")            // This is OK
val immutableNumbers = listOf("one", "two")
//immutableNumbers.add("five") // Compilation error - Unresolved reference: add


Read more about immutability on the Kotlin coding conventions page.

协变性

In Java, you can't pass a collection with a descendant type to a function that takes a collection of the ancestor type. 
For example, if Rectangle extends Shape, you can't pass a collection of Rectangle elements to a function that takes a collection of Shape elements. 
To make the code compilable, use the ? extends Shape type so the function can take collections with any inheritors of Shape:

// Java
class Shape {}

class Rectangle extends Shape {}

public void doSthWithShapes(List<? extends Shape> shapes) {
/* If using just List<Shape>, the code won't compile when calling
this function with the List<Rectangle> as the argument as below */
}

public void main() {
    var rectangles = List.of(new Rectangle(), new Rectangle());
    doSthWithShapes(rectangles);
}


In Kotlin, read-only collection types are covariant. This means that if a Rectangle class inherits from the Shape class, 
you can use the type List<Rectangle> anywhere the List<Shape> type is required. 
In other words, the collection types have the same subtyping relationship as the element types. Maps are covariant on the value type, but not on the key type.
Mutable collections aren't covariant – this would lead to runtime failures.

// Kotlin
open class Shape(val name: String)

class Rectangle(private val rectangleName: String) : Shape(rectangleName)

fun doSthWithShapes(shapes: List<Shape>) {
    println("The shapes are: ${shapes.joinToString { it.name }}")
}

fun main() {
    val rectangles = listOf(Rectangle("rhombus"), Rectangle("parallelepiped"))
    doSthWithShapes(rectangles)
}


Read more about collection types here.

区间与数列

In Kotlin, you can create intervals using ranges. For example, Version(1, 11)..Version(1, 30) includes all of the versions from 1.11 to 1.30. 
You can check that your version is in the range by using the in operator: Version(0, 9) in versionRange.

In Java, you need to manually check whether a Version fits both bounds:

// Java
class Version implements Comparable<Version> {

    int major;
    int minor;

    Version(int major, int minor) {
        this.major = major;
        this.minor = minor;
    }

    @Override
    public int compareTo(Version o) {
        if (this.major != o.major) {
            return this.major - o.major;
        }
        return this.minor - o.minor;
    }
}

public void compareVersions() {
    var minVersion = new Version(1, 11);
    var maxVersion = new Version(1, 31);

   System.out.println(
           versionIsInRange(new Version(0, 9), minVersion, maxVersion));
   System.out.println(
           versionIsInRange(new Version(1, 20), minVersion, maxVersion));
}

public Boolean versionIsInRange(Version versionToCheck, Version minVersion, 
                                Version maxVersion) {
    return versionToCheck.compareTo(minVersion) >= 0 
            && versionToCheck.compareTo(maxVersion) <= 0;
}


In Kotlin, you operate with a range as a whole object. You don't need to create two variables and compare a Version with them:

// Kotlin
class Version(val major: Int, val minor: Int): Comparable<Version> {
    override fun compareTo(other: Version): Int {
        if (this.major != other.major) {
            return this.major - other.major
        }
        return this.minor - other.minor
    }
}

fun main() {
    val versionRange = Version(1, 11)..Version(1, 30)

    println(Version(0, 9) in versionRange)
    println(Version(1, 20) in versionRange)
}


As soon as you need to exclude one of the bounds, like to check whether a version is greater than or equal to (>=) the minimum version 
and less than (<) the maximum version, these inclusive ranges won't help.

按照多个维度比较

In Java, to compare objects by several criteria, you may use the comparing() 
and thenComparingX()
functions from the Comparator interface. 
For example, to compare people by their name and age:

class Person implements Comparable<Person> {
    String name;
    int age;

    public String getName() {
        return name;
    }

    public int getAge() {
        return age;
    }

    Person(String name, int age) {
        this.name = name;
        this.age = age;
    }

    @Override
    public String toString() {
        return this.name + " " + age;
    }
}

public void comparePersons() {
    var persons = List.of(new Person("Jack", 35), new Person("David", 30), 
            new Person("Jack", 25));
    System.out.println(persons.stream().sorted(Comparator
            .comparing(Person::getName)
            .thenComparingInt(Person::getAge)).collect(toList()));
}


In Kotlin, you just enumerate which fields you want to compare:

data class Person(
    val name: String,
    val age: Int
)

fun main() {
    val persons = listOf(Person("Jack", 35), Person("David", 30), 
        Person("Jack", 25))
    println(persons.sortedWith(compareBy(Person::name, Person::age)))
}


序列

In Java, you can generate a sequence of numbers this way:

// Java
int sum = IntStream.iterate(1, e -> e + 3)
    .limit(10).sum();
System.out.println(sum); // Prints 145


In Kotlin, use sequences. Multi-step processing of
sequences is executed lazily when possible –
actual computing happens only when the result of the whole processing chain is requested.

fun main() {
//sampleStart
    // Kotlin
    val sum = generateSequence(1) {
        it + 3
    }.take(10).sum()
    println(sum) // Prints 145
//sampleEnd
}


Sequences may reduce the number of steps that are needed to perform some filtering operations. 
See the sequence processing example, which shows the difference between Iterable and Sequence.

从列表中删除元素

In Java, the remove()) 
function accepts an index of an element to remove.

When removing an integer element, use the Integer.valueOf() function as the argument for the remove() function:

// Java
public void remove() {
    var numbers = new ArrayList<>();
    numbers.add(1);
    numbers.add(2);
    numbers.add(3);
    numbers.add(1);
    numbers.remove(1); // This removes by index
    System.out.println(numbers); // [1, 3, 1]
    numbers.remove(Integer.valueOf(1));
    System.out.println(numbers); // [3, 1]
}


In Kotlin, there are two types of element removal: 
by index with removeAt() 
and by value with remove().

fun main() {
//sampleStart
    // Kotlin
    val numbers = mutableListOf(1, 2, 3, 1)
    numbers.removeAt(0)
    println(numbers) // [2, 3, 1]
    numbers.remove(1)
    println(numbers) // [2, 3]
//sampleEnd
}


遍历 map

In Java, you can traverse a map via forEach):

// Java
numbers.forEach((k,v) -> System.out.println("Key = " + k + ", Value = " + v));


In Kotlin, use a for loop or a forEach, similar to Java's forEach, to traverse a map:

// Kotlin
for ((k, v) in numbers) {
    println("Key = $k, Value = $v")
}
// Or
numbers.forEach { (k, v) -> println("Key = $k, Value = $v") }


获取可能会空的集合的首末元素

In Java, you can safely get the first and the last items by checking the size of the collection and using indices:

// Java
var list = new ArrayList<>();
//...
if (list.size() > 0) {
    System.out.println(list.get(0));
    System.out.println(list.get(list.size() - 1));
}


You can also use the getFirst()) 
and getLast()) 
functions for Deque and 
its inheritors:

// Java
var deque = new ArrayDeque<>();
//...
if (deque.size() > 0) {
    System.out.println(deque.getFirst());
    System.out.println(deque.getLast());
}


In Kotlin, there are the special
functions firstOrNull()
and lastOrNull(). 
Using the Elvis operator, you can perform further actions right away depending on the
result of a function. For example, firstOrNull():

// Kotlin
val emails = listOf<String>() // Might be empty
val theOldestEmail = emails.firstOrNull() ?: ""
val theFreshestEmail = emails.lastOrNull() ?: ""


由 list 创建 set

In Java, to create a Set from 
a List, you can use 
the Set.copyOf) function:

// Java
public void listToSet() {
    var sourceList = List.of(1, 2, 3, 1);
    var copySet = Set.copyOf(sourceList);
    System.out.println(copySet);
}


In Kotlin, use the function toSet():

fun main() {
//sampleStart
    // Kotlin
    val sourceList = listOf(1, 2, 3, 1)
    val copySet = sourceList.toSet()
    println(copySet)
//sampleEnd
}


元素分组

In Java, you can group elements with the Collectors 
function groupingBy():

// Java
public void analyzeLogs() {
    var requests = List.of(
        new Request("https://kotlinlang.org/docs/home.html", 200),
        new Request("https://kotlinlang.org/docs/home.html", 400),
        new Request("https://kotlinlang.org/docs/comparison-to-java.html", 200)
    );
    var urlsAndRequests = requests.stream().collect(
            Collectors.groupingBy(Request::getUrl));
    System.out.println(urlsAndRequests);
}


In Kotlin, use the function groupBy():

data class Request(
    val url: String,
    val responseCode: Int
)

fun main() {
//sampleStart
    // Kotlin
    val requests = listOf(
        Request("https://kotlinlang.org/docs/home.html", 200),
        Request("https://kotlinlang.org/docs/home.html", 400),
        Request("https://kotlinlang.org/docs/comparison-to-java.html", 200)
    )
    println(requests.groupBy(Request::url))
//sampleEnd
}


过滤元素

In Java, to filter elements from a collection, you need to use the Stream API. 
The Stream API has intermediate and terminal operations. filter() is an intermediate operation, which returns a stream. 
To receive a collection as the output, you need to use a terminal operation, like collect(). 
For example, to leave only those pairs whose keys end with 1 and whose values are greater than 10:

// Java
public void filterEndsWith() {
    var numbers = Map.of("key1", 1, "key2", 2, "key3", 3, "key11", 11);
    var filteredNumbers = numbers.entrySet().stream()
        .filter(entry -> entry.getKey().endsWith("1") && entry.getValue() > 10)
        .collect(Collectors.toMap(Map.Entry::getKey, Map.Entry::getValue));
    System.out.println(filteredNumbers);
}


In Kotlin, filtering is built into collections, and filter() returns the same collection type that was filtered. 
So, all you need to write is the filter() and its predicate:

fun main() {
//sampleStart
    // Kotlin
    val numbers = mapOf("key1" to 1, "key2" to 2, "key3" to 3, "key11" to 11)
    val filteredNumbers = numbers.filter { (key, value) -> key.endsWith("1") && value > 10 }
    println(filteredNumbers)
//sampleEnd
}


Learn more about filtering maps here.

按类型过滤元素

In Java, to filter elements by type and perform actions on them, you need to check their types with 
the instanceof operator and then do the type cast:

// Java
public void objectIsInstance() {
    var numbers = new ArrayList<>();
    numbers.add(null);
    numbers.add(1);
    numbers.add("two");
    numbers.add(3.0);
    numbers.add("four");
    System.out.println("All String elements in upper case:");
    numbers.stream().filter(it -> it instanceof String)
        .forEach( it -> System.out.println(((String) it).toUpperCase()));
}


In Kotlin, you just call filterIsInstance<NEEDED_TYPE>() on your collection, 
and the type cast is done by Smart casts:

// Kotlin
fun main() {
//sampleStart
    // Kotlin
    val numbers = listOf(null, 1, "two", 3.0, "four")
    println("All String elements in upper case:")
    numbers.filterIsInstance<String>().forEach {
        println(it.uppercase())
    }
//sampleEnd
}


检验谓词

Some tasks require you to check whether all, none, or any elements satisfy a condition. 
In Java, you can do all of these checks via the Stream API 
functions allMatch()), 
noneMatch()), and 
anyMatch()):

// Java
public void testPredicates() {
    var numbers = List.of("one", "two", "three", "four");
    System.out.println(numbers.stream().noneMatch(it -> it.endsWith("e"))); // false
    System.out.println(numbers.stream().anyMatch(it -> it.endsWith("e"))); // true
    System.out.println(numbers.stream().allMatch(it -> it.endsWith("e"))); // false
}


In Kotlin, the extension functions none(), any(), and all() 
are available for every Iterable object:

fun main() {
//sampleStart
// Kotlin
    val numbers = listOf("one", "two", "three", "four")
    println(numbers.none { it.endsWith("e") })
    println(numbers.any { it.endsWith("e") })
    println(numbers.all { it.endsWith("e") })
//sampleEnd
}


Learn more about test predicates.

集合转换操作

元素合拢

In Java, you can make pairs from elements with the same positions in two collections by iterating simultaneously over them:

// Java
public void zip() {
    var colors = List.of("red", "brown");
    var animals = List.of("fox", "bear", "wolf");

    for (int i = 0; i < Math.min(colors.size(), animals.size()); i++) {
        String animal = animals.get(i);
        System.out.println("The " + animal.substring(0, 1).toUpperCase()
               + animal.substring(1) + " is " + colors.get(i));
   }
}


If you want to do something more complex than just printing pairs of elements into the output, 
you can use Records. 
In the example above, the record would be record AnimalDescription(String animal, String color) {}.

In Kotlin, use the zip() function to do the same thing:

fun main() {
//sampleStart
    // Kotlin
    val colors = listOf("red", "brown")
    val animals = listOf("fox", "bear", "wolf")

    println(colors.zip(animals) { color, animal -> 
        "The ${animal.replaceFirstChar { it.uppercase() }} is $color" })
//sampleEnd
}


zip() returns the List of Pair objects.


If collections have different sizes, the result of zip() is the smaller size. The last elements of 
the larger collection are not included in the result.

[image: ]



元素关联

In Java, you can use the Stream API 
to associate elements with characteristics:

// Java
public void associate() {
    var numbers = List.of("one", "two", "three", "four");
    var wordAndLength = numbers.stream()
        .collect(toMap(number -> number, String::length));
    System.out.println(wordAndLength);
}


In Kotlin, use the associate() function:

fun main() {
//sampleStart
    // Kotlin
    val numbers = listOf("one", "two", "three", "four")
    println(numbers.associateWith { it.length })
//sampleEnd
}


下一步做什么？


	Visit Kotlin Koans – complete exercises to learn Kotlin syntax. Each exercise is created as a failing unit test and your job is to make it pass.

	Look through other Kotlin idioms.

	Learn how to convert existing Java code to Kotlin with the Java to Kotlin converter.

	Discover collections in Kotlin.



If you have a favorite idiom, we invite you to share it by sending a pull request.


        

    



        
    



        

    
        可空性

        
            Java 与 Kotlin 中的可空性

Nullability is the ability of a variable to hold a null value.
When a variable contains null, an attempt to dereference the variable leads to a NullPointerException.
There are many ways to write code in order to minimize the probability of receiving null pointer exceptions.

This guide covers differences between Java's and Kotlin's approaches to handling possibly nullable variables.
It will help you migrate from Java to Kotlin and write your code in authentic Kotlin style.

The first part of this guide covers the most important difference – support for nullable types in Kotlin and
how Kotlin processes types from Java code. The second part, starting from
Checking the result of a function call, examines several specific cases to explain certain differences.

Learn more about null safety in Kotlin.

Support for nullable types

The most important difference between Kotlin's and Java's type systems is Kotlin's explicit support for nullable types.
It is a way to indicate which variables can possibly hold a null value.
If a variable can be null, it's not safe to call a method on the variable because this can cause a NullPointerException.
Kotlin prohibits such calls at compile time and thereby prevents lots of possible exceptions.
At runtime, objects of nullable types and objects of non-nullable types are treated the same:
A nullable type isn't a wrapper for a non-nullable type. All checks are performed at compile time.
That means there's almost no runtime overhead for working with nullable types in Kotlin.


We say "almost" because, even though intrinsic checks are generated,
their overhead is minimal.
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In Java, if you don't write null checks, methods may throw a NullPointerException:

// Java
int stringLength(String a) {
    return a.length();
}

void main() {
    stringLength(null); // Throws a `NullPointerException`
}


This call will have the following output:

java.lang.NullPointerException: Cannot invoke "String.length()" because "a" is null
    at test.java.Nullability.stringLength(Nullability.java:8)
    at test.java.Nullability.main(Nullability.java:12)
    at java.base/java.util.ArrayList.forEach(ArrayList.java:1511)
    at java.base/java.util.ArrayList.forEach(ArrayList.java:1511)


In Kotlin, all regular types are non-nullable by default unless you explicitly mark them as nullable.
If you don't expect a to be null, declare the stringLength() function as follows:

// Kotlin
fun stringLength(a: String) = a.length


The parameter a has the String type, which in Kotlin means it must always contain a String instance and it cannot contain null.
Nullable types in Kotlin are marked with a question mark ?, for example, String?.
The situation with a NullPointerException at runtime is impossible if a is String because the compiler enforces
the rule that all arguments of stringLength() not be null.

An attempt to pass a null value to the stringLength(a: String) function will result in a compile-time error,
"Null can not be a value of a non-null type String":

[image: Passing null to a non-nullable function error]

If you want to use this function with any arguments, including null, use a question mark after the argument type String?
and check inside the function body to ensure that the value of the argument is not null:

// Kotlin
fun stringLength(a: String?): Int = if (a != null) a.length else 0


After the check is passed successfully, the compiler treats the variable as if it were of the non-nullable type String
in the scope where the compiler performs the check.

If you don't perform this check, the code will fail to compile with the following message:
"Only safe (?.) or non-nullable asserted (!!.) calls are allowed
on a nullable receiver of type String?".

You can write the same shorter – use the safe-call operator ?. (If-not-null shorthand), 
which allows you to combine a null check and a method call into a single operation:

// Kotlin
fun stringLength(a: String?): Int = a?.length ?: 0


Platform types

In Java, you can use annotations showing whether a variable can or cannot be null.
Such annotations aren't part of the standard library, but you can add them separately.
For example, you can use the JetBrains annotations @Nullable and @NotNull (from the org.jetbrains.annotations package)
or annotations from Eclipse (org.eclipse.jdt.annotation).
Kotlin can recognize such annotations when you're calling Java code from Kotlin code
and will treat types according to their annotations.

If your Java code doesn't have these annotations, then Kotlin will treat Java types as platform types.
But since Kotlin doesn't have nullability information for such types, its compiler will allow all operations on them.
You will need to decide whether to perform null checks, because:


	Just as in Java, you'll get a NullPointerException if you try to perform an operation on null.

	The compiler won't highlight any redundant null checks, which it normally does when you perform a null-safe operation
on a value of a non-nullable type.



Learn more about calling Java from Kotlin in regard to null-safety and platform types.

Support for definitely non-nullable types

In Kotlin, if you want to override a Java method that contains @NotNull as an argument, you need Kotlin's definitely
non-nullable types.

For example, consider this load() method in Java:

import org.jetbrains.annotations.*;

public interface Game<T> {
  public T save(T x) {}
  @NotNull
  public T load(@NotNull T x) {}
}


To override the load() method in Kotlin successfully, you need T1 to be declared as definitely
non-nullable (T1 & Any):

interface ArcadeGame<T1> : Game<T1> {
  override fun save(x: T1): T1
  // T1 is definitely non-nullable
  override fun load(x: T1 & Any): T1 & Any
}


Learn more about generic types that are definitely non-nullable.

Checking the result of a function call

One of the most common situations where you need to check for null is when you obtain a result from a function call.

In the following example, there are two classes, Order and Customer. Order has a reference to an instance of Customer.
The findOrder() function returns an instance of the Order class, or null if it can't find the order.
The objective is to process the customer instance of the retrieved order.

Here are the classes in Java:

//Java
record Order (Customer customer) {}

record Customer (String name) {}


In Java, call the function and do an if-not-null check on the result to proceed with the dereferencing of the required property:

// Java
Order order = findOrder();

if (order != null) {
    processCustomer(order.getCustomer());
}


Converting the Java code above to Kotlin code directly results in the following:

// Kotlin
data class Order(val customer: Customer)

data class Customer(val name: String)

val order = findOrder()

// Direct conversion
if (order != null){
    processCustomer(order.customer)
}


Use the safe-call operator ?. (If-not-null shorthand) 
in combination with any of the scope functions from the standard library.
The let function is usually used for this:

// Kotlin
val order = findOrder()

order?.let {
    processCustomer(it.customer)
}


Here is a shorter version of the same:

// Kotlin
findOrder()?.customer?.let(::processCustomer)


Default values instead of null

Checking for null is often used in combination with setting the default value
in case the null check is successful.

The Java code with a null check:

// Java
Order order = findOrder();
if (order == null) {
    order = new Order(new Customer("Antonio"))
}


To express the same in Kotlin, use the Elvis operator (If-not-null-else shorthand):

// Kotlin
val order = findOrder() ?: Order(Customer("Antonio"))


Functions returning a value or null

In Java, you need to be careful when working with list elements. You should always check whether an element exists at
an index before you attempt to use the element:

// Java
var numbers = new ArrayList<Integer>();
numbers.add(1);
numbers.add(2);

System.out.println(numbers.get(0));
//numbers.get(5) // Exception!


The Kotlin standard library often provides functions whose names indicate whether they can possibly return a null value.
This is especially common in the collections API:

fun main() {
//sampleStart
    // Kotlin
    // The same code as in Java:
    val numbers = listOf(1, 2)

    println(numbers[0])  // Can throw IndexOutOfBoundsException if the collection is empty
    //numbers.get(5)     // Exception!

    // More abilities:
    println(numbers.firstOrNull())
    println(numbers.getOrNull(5)) // null
//sampleEnd
}


Aggregate operations

When you need to get the biggest element or null if there are no elements, in Java you would use
the Stream API:

// Java
var numbers = new ArrayList<Integer>();
var max = numbers.stream().max(Comparator.naturalOrder()).orElse(null);
System.out.println("Max: " + max);


In Kotlin, use aggregate operations:

// Kotlin
val numbers = listOf<Int>()
println("Max: ${numbers.maxOrNull()}")


Learn more about collections in Java and Kotlin.

Casting types safely

When you need to safely cast a type, in Java you would use the instanceof operator and then check how well it worked:

// Java
int getStringLength(Object y) {
    return y instanceof String x ? x.length() : -1;
}

void main() {
    System.out.println(getStringLength(1)); // Prints `-1`
}


To avoid exceptions in Kotlin, use the safe cast operator as?, which returns null on failure:

// Kotlin
fun main() {
    println(getStringLength(1)) // Prints `-1`
}

fun getStringLength(y: Any): Int {
    val x: String? = y as? String // null
    return x?.length ?: -1 // Returns -1 because `x` is null
}



In the Java example above, the function getStringLength() returns a result of the primitive type int.
To make it return null, you can use the boxed type Integer.
However, it's more resource-efficient to make such functions return a negative value and then check the value –
you would do the check anyway, but no additional boxing is performed this way.
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下一步做什么？


	Browse other Kotlin idioms.

	Learn how to convert existing Java code to Kotlin with the Java-to-Kotlin (J2K) converter.

	Check out other migration guides:
	Strings in Java and Kotlin

	Collections in Java and Kotlin







If you have a favorite idiom, feel free to share it with us by sending a pull request!


        

    



        
    



        

    
        与 Objective-C 互操作性

        
            与 Objective-C 互操作性


	与 Swift/Objective-C 互操作性

	Kotlin/Native 开发 Apple framework——教程




        

    



        
    



        

    
        与 Swift/Objective-C 互操作性

        
            与 Swift/Objective-C 互操作性


The Objective-C libraries import is Experimental.
All Kotlin declarations generated by the cinterop tool from Objective-C libraries
should have the @ExperimentalForeignApi annotation.

Native platform libraries shipped with Kotlin/Native (like Foundation, UIKit, and POSIX)
require opt-in only for some APIs.
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Kotlin/Native provides indirect interoperability with Swift through Objective-C. This document covers how you can use Kotlin
declarations in Swift/Objective-C code and Objective-C declarations in Kotlin code.

Some other resources you might find useful:


	The Kotlin-Swift interopedia, a collection of examples
on how to use Kotlin declarations in Swift code. 

	The Integration with Swift/Objective-C ARC section, covering the details of integration
between Kotlin's tracing GC and Objective-C's ARC.



Importing Swift/Objective-C libraries to Kotlin

Objective-C frameworks and libraries can be used in Kotlin code if properly imported to the build (system frameworks are imported by default).
For more details, see:


	Create and configure a library definition file

	Configure compilation for native libraries



A Swift library can be used in Kotlin code if its API is exported to Objective-C with @objc.
Pure Swift modules are not yet supported.

Using Kotlin in Swift/Objective-C

Kotlin modules can be used in Swift/Objective-C code if compiled into a framework:


	See Build final native binaries to see how to declare binaries.

	Check out the Kotlin Multiplatform sample project for an example.



Hide Kotlin declarations from Objective-C and Swift


The @HiddenFromObjC annotation is Experimental and requires opt-in.
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To make your Kotlin code more Swift/Objective-C-friendly, use the @HiddenFromObjC annotation to hide a Kotlin declaration
from Objective-C and Swift. It disables the function or property export to Objective-C.

Alternatively, you can mark Kotlin declarations with the internal modifier to restrict their visibility in the
compilation module. Use @HiddenFromObjC if you want to hide the Kotlin declaration from Objective-C and Swift
while keeping it visible to other Kotlin modules.

See an example in the Kotlin-Swift interopedia.

Use refining in Swift


The @ShouldRefineInSwift annotation is Experimental and requires opt-in.
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@ShouldRefineInSwift helps to replace a Kotlin declaration with a wrapper written in Swift. The annotation marks a
function or property as swift_private in the generated Objective-C API. Such declarations get the __ prefix,
which makes them invisible from Swift.

You can still use these declarations in your Swift code to create a Swift-friendly API, but they won't be suggested in
the Xcode autocomplete.


	For more information on refining Objective-C declarations in Swift, see the official Apple documentation.

	For an example on how to use the @ShouldRefineInSwift annotation, see the Kotlin-Swift interopedia.



Change declaration names


The @ObjCName annotation is Experimental and requires opt-in.

[image: ]



To avoid renaming Kotlin declarations, use the @ObjCName annotation. It instructs the Kotlin compiler to use the
custom Objective-C and Swift name for the annotated class, interface, or another Kotlin entity:

@ObjCName(swiftName = "MySwiftArray")
class MyKotlinArray {
    @ObjCName("index")
    fun indexOf(@ObjCName("of") element: String): Int = TODO()
}

// Usage with the ObjCName annotations
let array = MySwiftArray()
let index = array.index(of: "element")


See another example in the Kotlin-Swift interopedia.

Provide documentation with KDoc comments

Documentation is essential for understanding any API. Providing documentation for
the shared Kotlin API allows you to communicate with its users on matters of usage, dos and don'ts, and so on.

By default, KDocs comments are not translated into corresponding comments when generating
an Objective-C header. For example, the following Kotlin code with KDoc:

/**
 * Prints the sum of the arguments.
 * Properly handles the case when the sum doesn't fit in 32-bit integer.
 */
fun printSum(a: Int, b: Int) = println(a.toLong() + b)


Will produce an Objective-C declaration without any comments:

+ (void)printSumA:(int32_t)a b:(int32_t)b __attribute__((swift_name("printSum(a:b:)")));


To enable export of KDoc comments, add the following compiler option to your build.gradle(.kts):




【Kotlin】



kotlin {
    targets.withType<org.jetbrains.kotlin.gradle.plugin.mpp.KotlinNativeTarget> {
        compilations.get("main").compilerOptions.options.freeCompilerArgs.add("-Xexport-kdoc")
    }
}





【Groovy】



kotlin {
    targets.withType(org.jetbrains.kotlin.gradle.plugin.mpp.KotlinNativeTarget) {
        compilations.get("main").compilerOptions.options.freeCompilerArgs.add("-Xexport-kdoc")
    }
}




After that, the Objective-C header will contain a corresponding comment:

/**
 * Prints the sum of the arguments.
 * Properly handles the case when the sum doesn't fit in 32-bit integer.
 */
+ (void)printSumA:(int32_t)a b:(int32_t)b __attribute__((swift_name("printSum(a:b:)")));


You'll be able to see comments on classes and methods in autocompletion, for example, in Xcode. If you go to the
definition of functions (in the .h file), you'll see comments on @param, @return, and so on.

Known limitations:


The ability to export KDoc comments to generated Objective-C headers is Experimental.
It may be dropped or changed at any time.
Opt-in is required (see the details below), and you should use it only for evaluation purposes.
We would appreciate your feedback on it in YouTrack.
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	Dependency documentation is not exported unless it is compiled with -Xexport-kdoc itself. The feature is Experimental,
so libraries compiled with this option might be incompatible with other compiler versions.

	KDoc comments are mostly exported as is. Many KDoc features, for example @property, are not supported.



Mappings

The table below shows how Kotlin concepts are mapped to Swift/Objective-C and vice versa.

"->" and "<-" indicate that mapping only goes one way.




	Kotlin
	Swift
	Objective-C
	Notes





	class
	class
	@interface
	note



	interface
	protocol
	@protocol
	



	constructor/create
	Initializer
	Initializer
	note



	Property
	Property
	Property
	note 1, note 2



	Method
	Method
	Method
	note 1, note 2



	enum class
	class
	@interface
	note



	suspend ->
	completionHandler:/ async
	completionHandler:
	note 1, note 2



	@Throws fun
	throws
	error:(NSError**)error
	note



	Extension
	Extension
	Category member
	note



	companion member <-
	Class method or property
	Class method or property
	



	null
	nil
	nil
	



	Singleton
	shared or companion property
	shared or companion property
	note



	Primitive type
	Primitive type / NSNumber
	
	note



	Unit return type
	Void
	void
	



	String
	String
	NSString
	note



	String
	NSMutableString
	NSMutableString
	note



	List
	Array
	NSArray
	



	MutableList
	NSMutableArray
	NSMutableArray
	



	Set
	Set
	NSSet
	



	MutableSet
	NSMutableSet
	NSMutableSet
	note



	Map
	Dictionary
	NSDictionary
	



	MutableMap
	NSMutableDictionary
	NSMutableDictionary
	note



	Function type
	Function type
	Block pointer type
	note



	Inline classes
	Unsupported
	Unsupported
	note





Classes

Name translation

Objective-C classes are imported into Kotlin with their original names.
Protocols are imported as interfaces with a Protocol name suffix, for example, @protocol Foo -> interface FooProtocol.
These classes and interfaces are placed into a package specified in build configuration
(platform.* packages for preconfigured system frameworks).

The names of Kotlin classes and interfaces are prefixed when imported to Objective-C.
The prefix is derived from the framework name.

Objective-C does not support packages in a framework. If the Kotlin compiler finds Kotlin classes in the same framework
which have the same name but different packages, it renames them. This algorithm is not stable yet and can change between
Kotlin releases. To work around this, you can rename the conflicting Kotlin classes in the framework.

Strong linking

Whenever you use an Objective-C class in the Kotlin source, it's marked as a strongly linked symbol. The resulting build
artifact mentions related symbols as strong external references.

This means that the app tries to link symbols during the launch dynamically, and if they are unavailable, the app crashes.
The crash happens even if symbols were never used. Symbols might be unavailable on a particular device or OS version.

To work around this issue and avoid "Symbol not found" errors, use a Swift or Objective-C wrapper that checks
if the class is actually available. See how this workaround was implemented in the Compose Multiplatform framework.

Initializers

A Swift/Objective-C initializer is imported to Kotlin as constructors or as factory methods named create.
The latter happens with initializers declared in the Objective-C category or as a Swift extension,
because Kotlin has no concept of extension constructors.


Before importing Swift initializers to Kotlin, don't forget to annotate them with @objc.

[image: ]



Kotlin constructors are imported as initializers to Swift/Objective-C.

Setters

Writeable Objective-C properties overriding read-only properties of the superclass are represented as the setFoo() method
for the property foo. The same goes for a protocol's read-only properties that are implemented as mutable.

Top-level functions and properties

Top-level Kotlin functions and properties are accessible as members of special classes.
Each Kotlin file is translated into such a class, for example:

// MyLibraryUtils.kt
package my.library

fun foo() {}


You can then call the foo() function from Swift like this:

MyLibraryUtilsKt.foo()


See a collection of examples on accessing top-level Kotlin declarations in the Kotlin-Swift interopedia:


	Top-level functions

	Top-level read-only properties

	Top-level mutable properties



Method names translation

Generally, Swift argument labels and Objective-C selector pieces are mapped to Kotlin parameter names. These two concepts
have different semantics, so sometimes Swift/Objective-C methods can be imported with a clashing Kotlin signature.
In this case, the clashing methods can be called from Kotlin using named arguments, for example:

[player moveTo:LEFT byMeters:17]
[player moveTo:UP byInches:42]


In Kotlin, it's:

player.moveTo(LEFT, byMeters = 17)
player.moveTo(UP, byInches = 42)


Here's how the kotlin.Any functions are mapped to Swift/Objective-C:




	Kotlin
	Swift
	Objective-C





	equals()
	isEquals(_:)
	isEquals:



	hashCode()
	hash
	hash



	toString()
	description
	description





See an example with data classes in the Kotlin-Swift interopedia.

You can specify a more idiomatic name in Swift or Objective-C, instead of renaming the Kotlin declaration with
the @ObjCName annotation.

Errors and exceptions

All Kotlin exceptions are unchecked, meaning that errors are caught at runtime. However, Swift has only checked errors
that are handled at compile time. So, if Swift or Objective-C code calls a Kotlin method that throws an exception,
the Kotlin method should be marked with the @Throws annotation, specifying a list of "expected" exception classes.

When compiling to the Swift/Objective-C framework, non-suspend functions that have or inherit the @Throws annotation
are represented as NSError*-producing methods in Objective-C and as throws methods in Swift.
Representations for suspend functions always have an NSError*/Error parameter in the completion handler.

When a Kotlin function called from Swift/Objective-C code throws an exception which is an instance of one of
the classes specified with @Throws or their subclasses, the exception is propagated as an NSError.
Other Kotlin exceptions reaching Swift/Objective-C are considered unhandled and cause program termination.

suspend functions without @Throws propagate only CancellationException (as NSError).
Non-suspend functions without @Throws don't propagate Kotlin exceptions at all.

Note that the opposite reversed translation is not implemented yet: Swift/Objective-C error-throwing methods aren't
imported to Kotlin as exception-throwing.

See an example in the Kotlin-Swift interopedia.

Enums

Kotlin enums are imported into Objective-C as @interface and into Swift as class.
These data structures have properties corresponding to each enum value. Consider this Kotlin code:

// Kotlin
enum class Colors {
    RED, GREEN, BLUE
}


You can access the properties of this enum class from Swift as follows:

// Swift
Colors.red
Colors.green
Colors.blue


To use variables of a Kotlin enum in a Swift switch statement, provide a default statement to prevent a compilation error:

switch color {
    case .red: print("It's red")
    case .green: print("It's green")
    case .blue: print("It's blue")
    default: fatalError("No such color")
}


See another example in the Kotlin-Swift interopedia.

Suspending functions


Support for calling suspend functions from Swift code as async is Experimental.
It may be dropped or changed at any time.
Use it only for evaluation purposes. We would appreciate your feedback on it in YouTrack.
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Kotlin's suspending functions (suspend) are presented in the generated Objective-C headers as
functions with callbacks, or completion handlers
in Swift/Objective-C terminology.

Starting from Swift 5.5, Kotlin's suspend functions are also available for calling from Swift as
async functions without using the completion handlers. Currently, this functionality is highly experimental and
has certain limitations. See this YouTrack issue for details.


	Learn more about the async/await mechanism in the Swift documentation.

	See an example and recommendations on third-party libraries that implement the same functionality in the Kotlin-Swift interopedia.



Extensions and category members

Members of Objective-C categories and Swift extensions are generally imported to Kotlin as extensions. That's why
these declarations can't be overridden in Kotlin, and the extension initializers aren't available as Kotlin constructors.


Currently, there are two exceptions. Starting with Kotlin 1.8.20, category members that are declared
in the same headers as the NSView class (from the AppKit framework) or UIView classes (from the UIKit framework) are
imported as members of these classes. This means that you can override methods that subclass from NSView or UIView.
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Kotlin extensions to "regular" Kotlin classes are imported to Swift and Objective-C as extensions and category members,
respectively. Kotlin extensions to other types are treated as top-level declarations
with an additional receiver parameter. These types include:


	Kotlin String type

	Kotlin collection types and subtypes

	Kotlin interface types

	Kotlin primitive types

	Kotlin inline classes

	Kotlin Any type

	Kotlin function types and subtypes

	Objective-C classes and protocols



See a collection of examples in the Kotlin-Swift interopedia.

Kotlin singletons

Kotlin singleton (made with an object declaration, including companion object) is imported to Swift/Objective-C
as a class with a single instance.

The instance is available through the shared and companion properties.

For the following Kotlin code:

object MyObject {
    val x = "Some value"
}

class MyClass {
    companion object {
        val x = "Some value"
    }
}


Access these objects as follows: 

MyObject.shared
MyObject.shared.x
MyClass.companion
MyClass.Companion.shared



Access objects through [MySingleton mySingleton] in Objective-C and MySingleton() in Swift has been deprecated.
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See more examples in the Kotlin-Swift interopedia:


	How to access Kotlin objects using shared

	How to access members of Kotlin companion objects from Swift.



Primitive types

Kotlin primitive type boxes are mapped to special Swift/Objective-C classes. For example, the kotlin.Int box is represented
as the KotlinInt class instance in Swift (or the ${prefix}Int instance in Objective-C, where prefix is the framework's name prefix).
These classes are derived from NSNumber, so the instances are proper NSNumbers supporting all corresponding operations.

The NSNumber type is not automatically translated to Kotlin primitive types when used as a Swift/Objective-C parameter type
or return value. The reason is that the NSNumber type doesn't provide enough information about a wrapped primitive value
type, for example, NSNumber is statically not known to be Byte, Boolean, or Double. So Kotlin primitive values
should be cast to and from NSNumber manually.

Strings

When a Kotlin String is passed to Swift, it's first exported as an Objective-C object, and then the Swift compiler
copies it one more time for a Swift conversion. This results in additional runtime overhead.

To avoid that, access Kotlin strings in Swift directly as an Objective-C NSString instead.
See the conversion example.

NSMutableString

NSMutableString Objective-C class is not available from Kotlin.
All instances of NSMutableString are copied when passed to Kotlin.

Collections

Kotlin -> Objective-C -> Swift

When a Kotlin collection is passed to Swift, it's first converted to an Objective-C equivalent, and then the Swift compiler
copies the entire collection and converts it into a Swift-native collection as described in the mappings table.

This last conversion leads to performance costs. To prevent this, when using Kotlin collections in Swift,
explicitly cast them to their Objective-C counterparts: NSDictionary, NSArray, or NSSet.

See the conversion example

For example, the following Kotlin declaration:

val map: Map<String, String>


In Swift, might look like this:

map[key]?.count ?? 0


Here, the map is implicitly converted to Swift's Dictionary, and its string values are mapped to Swift's String.
This results in a performance cost.

To avoid the conversion, explicitly cast map to Objective-C's NSDictionary and access values as NSString instead:

let nsMap: NSDictionary = map as NSDictionary
(nsMap[key] as? NSString)?.length ?? 0


This ensures that the Swift compiler doesn't perform an additional conversion step.

Swift -> Objective-C -> Kotlin

Swift/Objective-C collections are mapped to Kotlin as described in the mappings table,
except for NSMutableSet and NSMutableDictionary.

NSMutableSet isn't converted to a Kotlin's MutableSet. To pass an object to Kotlin MutableSet, explicitly create this
kind of Kotlin collection. To do this, use, for example, the mutableSetOf() function in Kotlin or the
KotlinMutableSet class in Swift and ${prefix}MutableSet in Objective-C (prefix is the framework names prefix).
The same is true for MutableMap.

See an example in the Kotlin-Swift interopedia.

Function types

Kotlin function-typed objects (for example, lambdas) are converted to functions in Swift and blocks in Objective-C.
See an example of a Kotlin function with a lambda in the Kotlin-Swift interopedia.

However, there is a difference in how types of parameters and return values are mapped when translating a function and a
function type. In the latter case, primitive types are mapped to their boxed representation. Kotlin Unit return value
is represented as a corresponding Unit singleton in Swift/Objective-C. The value of this singleton can be retrieved the
same way as for any other Kotlin object. See singletons in the table above.

Consider the following Kotlin function:

fun foo(block: (Int) -> Unit) { ... }


It's represented in Swift as follows:

func foo(block: (KotlinInt) -> KotlinUnit)


And you can call it like this:

foo {
    bar($0 as! Int32)
    return KotlinUnit()
}


Generics

Objective-C supports "lightweight generics" defined in classes, with a relatively limited feature set. Swift can import 
generics defined on classes to help provide additional type information to the compiler.

Generic feature support for Objective-C and Swift differ from Kotlin, so the translation will inevitably lose some
information, but the features supported retain meaningful information.

For specific examples on how to use Kotlin generics in Swift, see the Kotlin-Swift interopedia.

Limitations

Objective-C generics do not support all features of either Kotlin or Swift, so there will be some information lost
in the translation.

Generics can only be defined on classes, not on interfaces (protocols in Objective-C and Swift) or functions.

Nullability

Kotlin and Swift both define nullability as part of the type specification, while Objective-C defines nullability on methods
and properties of a type. So, the following Kotlin code:

class Sample<T>() {
    fun myVal(): T
}


Looks in Swift like this:

class Sample<T>() {
    fun myVal(): T?
}


To support a potentially nullable type, the Objective-C header needs to define myVal with a nullable return value.

To mitigate this, when defining your generic classes, provide a non-nullable type constraint if the generic type should
never be null:

class Sample<T : Any>() {
    fun myVal(): T
}


That will force the Objective-C header to mark myVal as non-nullable.

Variance

Objective-C allows generics to be declared covariant or contravariant. Swift has no support for variance. Generic classes coming
from Objective-C can be force-cast as needed.

data class SomeData(val num: Int = 42) : BaseData()
class GenVarOut<out T : Any>(val arg: T)


let variOut = GenVarOut<SomeData>(arg: sd)
let variOutAny : GenVarOut<BaseData> = variOut as! GenVarOut<BaseData>


Constraints

In Kotlin, you can provide upper bounds for a generic type. Objective-C also supports this, but that support is unavailable 
in more complex cases and is currently not supported in the Kotlin - Objective-C interop. The exception here being a non-nullable
upper bound will make Objective-C methods/properties non-nullable.

To disable

To have the framework header written without generics, add the following compiler option in your build file:

binaries.framework {
    freeCompilerArgs += "-Xno-objc-generics"
}


Forward declarations

To import forward declarations, use the objcnames.classes and objcnames.protocols packages. For example,
to import a objcprotocolName forward declaration declared in an Objective-C library with a library.package,
use a special forward declaration package: import objcnames.protocols.objcprotocolName.

Consider two objcinterop libraries: one that uses objcnames.protocols.ForwardDeclaredProtocolProtocol
and another with an actual implementation in another package:

// First objcinterop library
#import <Foundation/Foundation.h>

@protocol ForwardDeclaredProtocol;

NSString* consumeProtocol(id<ForwardDeclaredProtocol> s) {
    return [NSString stringWithUTF8String:"Protocol"];
}


// Second objcinterop library
// Header:
#import <Foundation/Foundation.h>
@protocol ForwardDeclaredProtocol
@end
// Implementation:
@interface ForwardDeclaredProtocolImpl : NSObject <ForwardDeclaredProtocol>
@end

id<ForwardDeclaredProtocol> produceProtocol() {
    return [ForwardDeclaredProtocolImpl new];
}


To transfer objects between the two libraries, use an explicit as cast in your Kotlin code:

// Kotlin code:
fun test() {
    consumeProtocol(produceProtocol() as objcnames.protocols.ForwardDeclaredProtocolProtocol)
}



You can only cast to objcnames.protocols.ForwardDeclaredProtocolProtocol from the corresponding real class.
Otherwise, you'll get an error.
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Casting between mapped types

When writing Kotlin code, an object may need to be converted from a Kotlin type to the equivalent Swift/Objective-C type
(or vice versa). In this case, a plain old Kotlin cast can be used, for example:

val nsArray = listOf(1, 2, 3) as NSArray
val string = nsString as String
val nsNumber = 42 as NSNumber


Subclassing

Subclassing Kotlin classes and interfaces from Swift/Objective-C

Kotlin classes and interfaces can be subclassed by Swift/Objective-C classes and protocols.

Subclassing Swift/Objective-C classes and protocols from Kotlin

Swift/Objective-C classes and protocols can be subclassed with a Kotlin final class. Non-final Kotlin classes
inheriting Swift/Objective-C types aren't supported yet, so it is not possible to declare a complex class hierarchy
inheriting Swift/Objective-C types.

Normal methods can be overridden using the override Kotlin keyword. In this case, the overriding method must have the
same parameter names as the overridden one.

Sometimes it is required to override initializers, for example when subclassing UIViewController. Initializers imported
as Kotlin constructors can be overridden by Kotlin constructors marked with the @OverrideInit annotation:

class ViewController : UIViewController {
    @OverrideInit constructor(coder: NSCoder) : super(coder)

    ...
}


The overriding constructor must have the same parameter names and types as the overridden one.

To override different methods with clashing Kotlin signatures, you can add the @ObjCSignatureOverride annotation to the class.
The annotation instructs the Kotlin compiler to ignore conflicting overloads, in case several functions with the same
argument types, but different argument names, are inherited from the Objective-C class.

By default, the Kotlin/Native compiler doesn't allow calling a non-designated Objective-C initializer as a super()
constructor. This behavior can be inconvenient if the designated initializers aren't marked properly in the Objective-C
library. To disable these compiler checks, add the disableDesignatedInitializerChecks = true to the library's .def file.

C features

See Interoperability with C for an example case where the library uses some plain C features,
such as unsafe pointers, structs, and so on.

Unsupported

Some features of the Kotlin programming language are not yet mapped into the respective features of Objective-C or Swift.
Currently, the following features are not properly exposed in generated framework headers:


	Inline classes (arguments are mapped as either underlying primitive type or id)

	Custom classes implementing standard Kotlin collection interfaces (List, Map, Set) and other special classes

	Kotlin subclasses of Objective-C classes
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            Kotlin/Native FAQ

How do I run my program?

Define a top-level function fun main(args: Array<String>) or just  fun main() if you are not interested
in passed arguments, please ensure it's not in a package.
Also, compiler switch -entry could be used to make any function taking Array<String> or no arguments
and return Unit as an entry point.

What is Kotlin/Native memory management model?

Kotlin/Native uses an automated memory management scheme that is similar to what Java or Swift provide.

Learn about the Kotlin/Native memory manager

How do I create a shared library?

Use the -produce dynamic compiler option or binaries.sharedLib() in your Gradle build file:

kotlin {
    iosArm64("mylib") {
        binaries.sharedLib()
    }
}


It produces a platform-specific shared object (.so on Linux, .dylib on macOS, and .dll on Windows targets) and a
C language header, allowing the use of all public APIs available in your Kotlin/Native program from C/C++ code.

Complete the Kotlin/Native as a dynamic library tutorial

How do I create a static library or an object file?

Use the -produce static compiler option or binaries.staticLib() in your Gradle build file:

kotlin {
    iosArm64("mylib") {
        binaries.staticLib()
    }
}


It produces a platform-specific static object (.a library format) and a C language header, allowing you to
use all the public APIs available in your Kotlin/Native program from C/C++ code.

How do I run Kotlin/Native behind a corporate proxy?

As Kotlin/Native needs to download a platform specific toolchain, you need to specify
-Dhttp.proxyHost=xxx -Dhttp.proxyPort=xxx as the compiler's or gradlew arguments,
or set it via the JAVA_OPTS environment variable.

How do I specify a custom Objective-C prefix/name for my Kotlin framework?

Use the -module-name compiler option or matching Gradle DSL statement.




【Kotlin】



kotlin {
    iosArm64("myapp") {
        binaries.framework {
            freeCompilerArgs += listOf("-module-name", "TheName")
        }
    }
}





【Groovy】



kotlin {
    iosArm64("myapp") {
        binaries.framework {
            freeCompilerArgs += ["-module-name", "TheName"]
        }
    }
}




How do I rename the iOS framework?

The default name is for an iOS framework  is <project name>.framework.
To set a custom name, use the baseName option. This will also set the module name.

kotlin {
    iosArm64("myapp") {
       binaries {
          framework {
              baseName = "TheName"
          }
       }
    }
}


How do I enable bitcode for my Kotlin framework?

Bitcode embedding was deprecated in Xcode 14 and removed in Xcode 15 for all Apple targets.
The Kotlin/Native compiler does not support bitcode embedding since Kotlin 2.0.20.

If you're using earlier versions of Xcode but want to upgrade to Kotlin 2.0.20 or later versions, disable bitcode
embedding in your Xcode projects.

How do I reference objects safely from different coroutines?

To safely access or update an object across multiple coroutines in Kotlin/Native, consider using concurrency-safe
constructs, such as @Volatile and AtomicReference.

Use @Volatile to annotate a var property.
This makes all reads and writes to the property's backing field atomic. In addition, writes become immediately visible
to other threads. When another thread accesses this property, it observes not only the updated value but also the changes
that happened before the update.

Alternatively, use AtomicReference,
which supports atomic reads and updates. On Kotlin/Native, it wraps a volatile variable and performs atomic operations.
Kotlin also provides a set of types for atomic operations tailored to specific data types. You can use AtomicInt,
AtomicLong, AtomicBoolean, AtomicArray, as well as AtomicIntArray and AtomicLongArray.

For more information about access to shared mutable state, see the Coroutines documentation.

How can I compile my project with unreleased versions of Kotlin/Native?

First, please consider trying preview versions.

In case you need an even more recent development version, you can build Kotlin/Native from source code:
clone Kotlin repository and follow these steps.
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            Kotlin/JS 无用代码消除


The dead code elimination (DCE) tool is deprecated. The DCE tool was designed for the legacy JS backend, which is now obsolete. The current 
JS IR backend supports DCE out of the box, and the @JsExport annotation 
allows specifying which Kotlin functions and classes to retain during DCE.
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Kotlin Multiplatform Gradle 插件包含一个无用代码消除（DCE）工具。
无用代码消除通常也称为 摇树。
通过删除未使用的属性、函数和类，它减小了大小或生成的 JavaScript 代码。

在以下情况下会出现未使用的声明：


	函数是内联的，永远不会直接调用（除了少数情况总是发生）。

	模块使用共享库。没有 DCE 的情况下，未使用的组件仍会进入结果包。
例如，Kotlin 标准库中包含用于操作列表、数组、字符序列、DOM 适配器的函数。
所有这些功能将需要约 1.3MB 的 JavaScript 文件。 一个简单的
“Hello, world”应用程序仅需要控制台例程，整个程序只有几 KB。



Kotlin Multiplatform Gradle 插件在构建生产包时会自动处理 DCE，例如：使用
browserProductionWebpack 任务。开发包任务（例如 browserDevelopmentWebpack）不包含 DCE。

DCE and JavaScript IR compiler

The application of DCE with the IR compiler is as follows:


	DCE is disabled when compiling for development, which corresponds to the following Gradle tasks:
	browserDevelopmentRun

	browserDevelopmentWebpack

	nodeDevelopmentRun

	compileDevelopmentExecutableKotlinJs

	compileDevelopmentLibraryKotlinJs

	Other Gradle tasks including "development" in their name





	DCE is enabled when compiling for production, which corresponds to the following Gradle tasks:
	browserProductionRun

	browserProductionWebpack

	compileProductionExecutableKotlinJs

	compileProductionLibraryKotlinJs

	Other Gradle tasks including "production" in their name







With the @JsExport annotation, you can specify the declarations you want DCE to treat as roots.

从 DCE 排除的声明

有时，即使未在模块中使用函数或类，也可能需要在结果 JavaScript 代码中保留一个函数或一个类，
例如：如果要在客户端 JavaScript 代码中使用它，则可能会保留该函数或类。

为了避免某些声明被删除，请将 dceTask 代码块添加到 Gradle 构建脚本中，并将这些声明列为 keep 函数的参数。
参数必须是声明的完整限定名，并且模块名称为前缀：
moduleName.dot.separated.package.name.declarationName


函数与模块名称在生成的 JavaScript 代码中会被修饰，
除非指定了其他名称。为了避免消除这些函数，请在 keep 参数中使用修饰的名称——
就是出现在所生成 JavaScript 代码中的名称。
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kotlin {
    js {
        browser {
            dceTask {
                keep("myKotlinJSModule.org.example.getName", "myKotlinJSModule.org.example.User" )
            }
            binaries.executable()
        }
    }
}


If you want to keep a whole package or module from elimination, you can use its fully qualified name as it appears in the
generated JavaScript code.


避免删除整个软件包或模块会阻止 DCE 删除许多未使用的声明。
因此，最好逐个选择应从 DCE 中排除的单个声明。
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禁用 DCE

要完全关闭 DCE，可以使用 dceTask 中的 devMode 选项：

kotlin {
    js {
        browser {
            dceTask {
                dceOptions.devMode = true
            }
        }
        binaries.executable()
    }
}
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            Kotlin/JS IR 编译器

Kotlin/JS IR 编译器后端是围绕 Kotlin/JS 进行创新的主要焦点，并为该技术的发展铺平了道路
。 

Kotlin/JS IR 编译器后端没有直接从 Kotlin 源代码生成 JavaScript 代码，而是利用了一种新途径。首先将 Kotlin 源代码转换为
Kotlin 中间表示（IR），
然后将其编译为 JavaScript。
对于 Kotlin/JS，这可以进行积极的优化，并可以改善以前的编译器中存在的痛点，例如生成的代码大小（通过消除无效代码）以及 JavaScript 与 TypeScript 生态系统的互操作性。

从 Kotlin 1.4.0 开始，可以通过 Kotlin Multiplatform Gradle 插件使用 IR 编译器后端。要在项目中启用它，
请将编译器类型传递给 Gradle 构建脚本中的 js 函数：

kotlin {
    js(IR) { // 或：LEGACY、BOTH
        // ...
        binaries.executable() // not applicable to BOTH, see details below
    }
}



	IR 使用 Kotlin/JS 的新 IR 编译器后端。

	LEGACY 使用旧版编译器后端。

	BOTH 使用新的 IR 编译器以及默认的编译器后端编译项目。这个模式用于创作与两个后端兼容的库。




The old compiler backend has been deprecated since Kotlin 1.8.0. Starting with Kotlin 1.9.0, using compiler types LEGACY or BOTH leads to an error.
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还可以使用键值 kotlin.js.compiler=ir 在 gradle.properties 文件中设置编译器类型。
但是，build.gradle(.kts) 中的任何设置都会覆盖此行为。

Lazy initialization of top-level properties

For better application startup performance, the Kotlin/JS IR compiler initializes top-level properties lazily. This way,
the application loads without initializing all the top-level properties used in its code. It initializes
only the ones needed at startup; other properties receive their values later when the code that uses them actually runs.

val a = run {
    val result = // intensive computations
    println(result)
    result
} // value is computed upon the first usage


If for some reason you need to initialize a property eagerly (upon the application start), mark it with the 
@EagerInitialization{nullable="true"} annotation.

Incremental compilation for development binaries

The JS IR compiler provides the incremental compilation mode for development binaries that speeds up the development process.
In this mode, the compiler caches the results of compileDevelopmentExecutableKotlinJs Gradle task on the module level.
It uses the cached compilation results for unchanged source files during subsequent compilations, making them complete faster,
especially with small changes.

Incremental compilation is enabled by default. To disable incremental compilation for development binaries, add the following line to the project's gradle.properties
or local.properties:

kotlin.incremental.js.ir=false // true by default


The clean build in the incremental compilation mode is usually slower because of the need to create and populate the caches.
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Output mode

You can choose how the JS IR compiler outputs .js files in your project:


	One per module. By default, the JS compiler outputs separate .js files for each module of a project as a
compilation result.

	One per project. You can compile the whole project into a single .js file by adding the following line to
gradle.properties:

kotlin.js.ir.output.granularity=whole-program // 'per-module' is the default



	One per file. You can set up a more granular output that generates one (or two, if the file contains exported
declarations) JavaScript file per each Kotlin file. To enable the per-file compilation mode:


	Add the useEsModules() function to your build file to support ECMAScript modules:

// build.gradle.kts
kotlin {
    js(IR) {
        useEsModules() // Enables ES2015 modules
        browser()
    }
}


Alternatively, you can use the es2015 compilation target
to support ES2015 features in your project.



	Apply the -Xir-per-file compiler option or update your gradle.properties file with:

# gradle.properties
kotlin.js.ir.output.granularity=per-file // 'per-module' is the default









Minification of member names in production

The Kotlin/JS IR compiler uses its internal information about the relationships of your Kotlin classes and functions to apply more efficient minification, shortening the names of functions, properties, and classes. This reduces the size of resulting bundled applications.

This type of minification is automatically applied when you build your Kotlin/JS application in production mode, and enabled by default. To disable member name minification, use the -Xir-minimized-member-names compiler option:

kotlin {
    js(IR) {
        compilations.all {
            compileTaskProvider.configure {
                compilerOptions.freeCompilerArgs.add("-Xir-minimized-member-names=false")
            }
        }
    }
}


预览：TypeScript 声明文件（d.ts）的生成


The generation of TypeScript declaration files (d.ts) is Experimental. It may be dropped or changed at any time.
Opt-in is required (see the details below), and you should use it only for evaluation purposes. We would appreciate your feedback on it in YouTrack.
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Kotlin/JS IR 编译器能够从 Kotlin 代码生成 TypeScript 定义。在混合应用程序上工作时，
JavaScript 工具与 IDE 可以使用这些定义来提供自动补全功能、支持静态分析器，
并使在 JavaScript 与 TypeScript 项目中更容易包含 Kotlin 代码。

If your project produces executable files (binaries.executable()), the Kotlin/JS IR compiler collects 
any top-level declarations marked with @JsExport and automatically 
generates TypeScript definitions in a .d.ts file.

If you want to generate TypeScript definitions, you have to explicitly configure this in your Gradle build file. 
Add generateTypeScriptDefinitions() to your build.gradle.kts file in the js section. 
For example:

kotlin {
    js {
        binaries.executable()
        browser {
        }
        generateTypeScriptDefinitions()
    }
}


可以在 build/js/packages/<package_name>/kotlin 中找到其定义以及相应的未打包 Web 的 JavaScript 代码。

IR 编译器的当前限制

新的 IR 编译器后端的主要变化是与默认后端 没有二进制兼容性。
A library created with the new IR compiler uses a klib format and can't be used 
from the default backend. In the meantime, a library created with the old compiler is a jar with js files, which 
can't be used from the IR backend.

如果要为项目使用 IR 编译器后端，则需要 将所有 Kotlin 依赖项更新为支持该新后端的版本。由 JetBrains 针对 Kotlin/JS 发布的针对 Kotlin 1.4+ 的库已经包含了与新的 IR 编译器后端一起使用所需的所有构件。

可能库开发者 希望提供与当前编译器后端以及新的 IR
编译器后端的兼容性，请另外查看“为 IR 编译器编写库”相关部分
部分。

与默认后端相比，IR 编译器后端也存在一些差异。在尝试新的后端时，
最好注意这些可能的缺陷。


	一些 依赖默认后端特定特性的库，例如 kotlin-wrappers，可能会显示一些问题。可以在 YouTrack 上跟踪调查与进度。

	默认情况下，IR 后端根本 不会使 Kotlin 声明可用于 JavaScript。要使 Kotlin 声明对 JavaScript 可见，必须使用 @JsExport 对其进行注解。



Migrating existing projects to the IR compiler

Due to significant differences between the two Kotlin/JS compilers, making your Kotlin/JS code work with the IR compiler
may require some adjustments. Learn how to migrate existing Kotlin/JS projects to the IR compiler in the Kotlin/JS IR
compiler migration guide.

为 IR 编译器创作具有向后兼容性的库

对于库维护者，希望提供与默认后端以及新的 IR
编译器后端的兼容性，那么可以使用编译器选择的设置，该设置可为两个后端创建构件，
从而保持与以下版本的兼容性。为现有的用户以及下一代 Kotlin 编译器提供支持。
可以使用 gradle.properties 文件中的 kotlin.js.compiler=both 设置打开这种所谓的 both 模式，
也可以将其设置为 build.gradle(.kts) 文件内 js 块内项目特有的选项之一：

kotlin {
    js(BOTH) {
        // ...
    }
}


When in both mode, the IR compiler backend and default compiler backend are both used when building a library from your
sources (hence the name). This means that both klib files with Kotlin IR as well as jar files for the default compiler
will be generated. When published under the same Maven coordinate, Gradle will automatically choose the right artifact
depending on the use case – js for the old compiler, klib for the new one. This enables you to compile and publish
your library for projects that are using either of the two compiler backends.
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            使用来自 npm 的依赖

In Kotlin/JS projects, all dependencies can be managed through the Gradle plugin. This includes Kotlin/Multiplatform
libraries such as kotlinx.coroutines, kotlinx.serialization, or ktor-client.

For depending on JavaScript packages from npm, the Gradle DSL exposes an npm function that
lets you specify packages you want to import from npm. Let's consider the import of an NPM package called is-sorted.

The corresponding part in the Gradle build file looks as follows:

dependencies {
    // ...
    implementation(npm("is-sorted", "1.0.5"))
}


Because JavaScript modules are usually dynamically typed and Kotlin is a statically typed language, you need to provide
a kind of adapter. In Kotlin, such adapters are called external declarations. For the is-sorted package which offers
only one function, this declaration is small to write. Inside the source folder, create a new file called is-sorted.kt,
and fill it with these contents:

@JsModule("is-sorted")
@JsNonModule
external fun <T> sorted(a: Array<T>): Boolean


Please note that if you're using CommonJS as a target, the @JsModule and @JsNonModule annotations need to be adjusted
accordingly.

This JavaScript function can now be used just like a regular Kotlin function. Because we provided type information in the
header file (as opposed to simply defining parameter and return type to be dynamic), proper compiler support and
type-checking is also available.

console.log("Hello, Kotlin/JS!")
console.log(sorted(arrayOf(1,2,3)))
console.log(sorted(arrayOf(3,1,2)))


Running these three lines either in the browser or Node.js, the output shows that the call to sorted was properly mapped
to the function exported by the is-sorted package:

Hello, Kotlin/JS!
true
false


Because the JavaScript ecosystem has multiple ways of exposing functions in a package (for example through named or default
exports), other npm packages might need a slightly altered structure for their external declarations.

To learn more about how to write declarations, please refer to Calling JavaScript from Kotlin.
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            标准库


	集合
	集合概述

	构造集合

	迭代器

	区间与数列

	序列

	集合操作概述

	集合转换操作

	过滤集合

	加减操作符

	分组

	取集合的一部分

	取单个元素

	排序

	聚合操作

	集合写操作

	List 相关操作

	Set 相关操作

	Map 相关操作





	读取标准输入

	选择加入要求

	作用域函数

	时间度量




        

    



        
    



        

    
        集合

        
            集合


	集合概述

	构造集合

	迭代器

	区间与数列

	序列

	集合操作概述

	集合转换操作

	过滤集合

	加减操作符

	分组

	取集合的一部分

	取单个元素

	排序

	聚合操作

	集合写操作

	List 相关操作

	Set 相关操作

	Map 相关操作




        

    



        
    





Iterable

假定有一个单词列表。下面的代码过滤长于三个字符的单词，并输出前四个单词的长度。


fun main() {    
//sampleStart
    val words = "The quick brown fox jumps over the lazy dog".split(" ")
    val lengthsList = words.filter { println("filter: $it"); it.length > 3 }
        .map { println("length: ${it.length}"); it.length }
        .take(4)

    println("Lengths of first 4 words longer than 3 chars:")
    println(lengthsList)
//sampleEnd
}


运行此代码时，会看到 filter() 与 map() 函数的执行顺序与代码中出现的顺序相同。
首先，将看到 filter：对于所有元素，然后是 length：对于在过滤之后剩余的元素，
然后是最后两行的输出。

列表处理如下图：


































































    



        
    



        

    
        排序

        
            排序

元素的顺序是某些集合类型的一个重要方面。
例如，如果拥有相同元素的两个列表的元素顺序不同，那么这两个列表也不相等。

在 Kotlin 中，可以通过多种方式定义对象的顺序。

首先，有 自然 顺序。它是为 Comparable 接口的实现定义的。
当没有指定其他顺序时，使用自然顺序为它们排序。

大多数内置类型是可比较的：


	数值类型使用传统的数值顺序：1 大于 0； -3.4f 大于 -5f，以此类推。

	Char 和 String 使用字典顺序： b
 大于 a； world 大于 hello。



如需为用户定义的类型定义一个自然顺序，可以让这个类型实现 Comparable。
这需要实现  compareTo() 函数。 compareTo() 必须将另一个具有相同类型的对象作为参数并返回一个整数值来显示哪个对象更大：


	正值表明接收者对象更大。

	负值表明它小于参数。

	0 说明对象相等。



Below is a class for ordering versions that consist of the major and the minor part.

class Version(val major: Int, val minor: Int): Comparable<Version> {
    override fun compareTo(other: Version): Int = when {
        this.major != other.major -> this.major compareTo other.major // compareTo() in the infix form 
        this.minor != other.minor -> this.minor compareTo other.minor
        else -> 0
    }
}

fun main() {    
    println(Version(1, 2) > Version(1, 3))
    println(Version(2, 0) > Version(1, 5))
}


自定义 顺序让你可以按自己喜欢的方式对任何类型的实例进行排序。
特别是，你可以为不可比较类型定义顺序，或者为可比较类型定义非自然顺序。
如需为类型定义自定义顺序，可以为其创建一个 Comparator。
Comparator 包含 compare() 函数：它接受一个类的两个实例并返回它们之间比较的整数结果。
如上所述，对结果的解释与  compareTo() 的结果相同。

fun main() {
//sampleStart
    val lengthComparator = Comparator { str1: String, str2: String -> str1.length - str2.length }
    println(listOf("aaa", "bb", "c").sortedWith(lengthComparator))
//sampleEnd
}


有了 lengthComparator，你可以按照字符串的长度而不是默认的字典顺序来排列字符串。

定义一个 Comparator 的一种比较简短的方式是标准库中的 compareBy()
函数。 compareBy() 接受一个 lambda 表达式，该表达式从一个实例产生一个 Comparable 值，
并将自定义顺序定义为生成值的自然顺序。

使用 compareBy()，上面示例中的长度比较器如下所示：

fun main() {
//sampleStart    
    println(listOf("aaa", "bb", "c").sortedWith(compareBy { it.length }))
//sampleEnd
}


You can also define an order based on multiple criteria.
For example, to sort strings by their length and alphabetically when the lengths are equal, you can write:

fun main() {
//sampleStart
    val sortedStrings = listOf("aaa", "bb", "c", "b", "a", "aa", "ccc")
        .sortedWith { a, b -> 
           when (val compareLengths = a.length.compareTo(b.length)) {
             0 -> a.compareTo(b)
             else -> compareLengths
           }
         }

    println(sortedStrings)
    // [a, b, c, aa, bb, aaa, ccc]
//sampleEnd
}


Since sorting by multiple criteria is a common scenario, the Kotlin standard library provides the thenBy() function that you can use to add a secondary sorting rule.

For example, you can combine compareBy() with thenBy() to sort strings by their length first and alphabetically second, just like in the previous example:

fun main() {
//sampleStart
    val sortedStrings = listOf("aaa", "bb", "c", "b", "a", "aa", "ccc")
        .sortedWith(compareBy<String> { it.length }.thenBy { it })

    println(sortedStrings)
    // [a, b, c, aa, bb, aaa, ccc]
//sampleEnd
}


Kotlin 集合包提供了用于按照自然顺序、自定义顺序甚至随机顺序对集合排序的函数。
在此页面上，我们将介绍适用于只读集合的排序函数。
这些函数将它们的结果作为一个新集合返回，集合里包含了按照请求顺序排序的来自原始集合的元素。
如果想学习就地对可变集合排序的函数，请参见 List 相关操作。

自然顺序

基本的函数 sorted() 和 sortedDescending()
返回集合的元素，这些元素按照其自然顺序升序和降序排序。
这些函数适用于 Comparable 元素的集合。

fun main() {
//sampleStart
    val numbers = listOf("one", "two", "three", "four")

    println("Sorted ascending: ${numbers.sorted()}")
    println("Sorted descending: ${numbers.sortedDescending()}")
//sampleEnd
}


自定义顺序

为了按照自定义顺序排序或者对不可比较对象排序，可以使用函数 sortedBy() 和 sortedByDescending()。
它们接受一个将集合元素映射为 Comparable 值的选择器函数，并以该值的自然顺序对集合排序。

fun main() {
//sampleStart
    val numbers = listOf("one", "two", "three", "four")

    val sortedNumbers = numbers.sortedBy { it.length }
    println("Sorted by length ascending: $sortedNumbers")
    val sortedByLast = numbers.sortedByDescending { it.last() }
    println("Sorted by the last letter descending: $sortedByLast")
//sampleEnd
}


如需为集合排序定义自定义顺序，可以提供自己的 Comparator。
为此，调用传入 Comparator 的 sortedWith() 函数。
使用此函数，按照字符串长度排序如下所示：

fun main() {
//sampleStart
    val numbers = listOf("one", "two", "three", "four")
    println("Sorted by length ascending: ${numbers.sortedWith(compareBy { it.length })}")
//sampleEnd
}


倒序

你可以使用 reversed() 函数以相反的顺序检索集合。


fun main() {
//sampleStart
    val numbers = listOf("one", "two", "three", "four")
    println(numbers.reversed())
//sampleEnd
}


reversed() 返回带有元素副本的新集合。
因此，如果你之后改变了原始集合，这并不会影响先前获得的 reversed() 的结果。

另一个反向函数——asReversed()——返回相同集合实例的一个反向视图，因此，如果原始列表不会发生变化，那么它会比 reversed() 更轻量，更合适。 

fun main() {
//sampleStart
    val numbers = listOf("one", "two", "three", "four")
    val reversedNumbers = numbers.asReversed()
    println(reversedNumbers)
//sampleEnd
}


如果原始列表是可变的，那么其所有更改都会反映在其反向视图中，反之亦然。

fun main() {
//sampleStart
    val numbers = mutableListOf("one", "two", "three", "four")
    val reversedNumbers = numbers.asReversed()
    println(reversedNumbers)
    numbers.add("five")
    println(reversedNumbers)
//sampleEnd
}


但是，如果列表的可变性未知或者源根本不是一个列表，那么 reversed() 更合适，因为其结果是一个未来不会更改的副本。

随机顺序

最后，shuffled() 函数返回一个包含了以随机顺序排序的集合元素的新的 List。
你可以不带参数或者使用 Random 对象来调用它。

fun main() {
//sampleStart
    val numbers = listOf("one", "two", "three", "four")
    println(numbers.shuffled())
//sampleEnd
}
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Kotlin 集合包含用于常用的 聚合操作 （基于集合内容返回单个值的操作）的函数 。
其中大多数是众所周知的，并且其工作方式与在其他语言中相同。


	minOrNull() 与 maxOrNull() 分别返回最小和最大的元素。 On empty collections, they return null.

	average() 返回数字集合中元素的平均值。

	sum() 返回数字集合中元素的总和。

	count() 返回集合中元素的数量。




fun main() {
    val numbers = listOf(6, 42, 10, 4)

    println("Count: ${numbers.count()}")
    println("Max: ${numbers.maxOrNull()}")
    println("Min: ${numbers.minOrNull()}")
    println("Average: ${numbers.average()}")
    println("Sum: ${numbers.sum()}")
}


还有一些通过某些选择器函数或自定义 Comparator 来检索最小和最大元素的函数。


	maxByOrNull() 与 minByOrNull() 接受一个选择器函数并返回使选择器返回最大或最小值的元素。

	maxWithOrNull() 与 minWithOrNull() 接受一个 Comparator 对象并且根据此 Comparator 对象返回最大或最小元素。

	maxOfOrNull() and minOfOrNull() take a selector function and return the largest or the smallest return value of the selector itself.

	maxOfWithOrNull() and minOfWithOrNull() take a Comparator object and return the largest or smallest selector return value according to that Comparator.



These functions return null on empty collections. There are also alternatives – maxOf, minOf, maxOfWith, and minOfWith – which do the same as their counterparts but throw a NoSuchElementException on empty collections.


fun main() {
//sampleStart
    val numbers = listOf(5, 42, 10, 4)
    val min3Remainder = numbers.minByOrNull { it % 3 }
    println(min3Remainder)

    val strings = listOf("one", "two", "three", "four")
    val longestString = strings.maxWithOrNull(compareBy { it.length })
    println(longestString)
//sampleEnd
}


Besides regular sum(), there is an advanced summation function sumOf()
that takes a selector function and returns the sum of its application to all collection elements. Selector can return 
different numeric types: Int, Long, Double, UInt, and ULong (also BigInteger and BigDecimal on the JVM).


fun main() {
//sampleStart
    val numbers = listOf(5, 42, 10, 4)
    println(numbers.sumOf { it * 2 })
    println(numbers.sumOf { it.toDouble() / 2 })
//sampleEnd
}


fold 与 reduce

对于更特定的情况，有函数 reduce() 和 fold()，它们依次将所提供的操作应用于集合元素并返回累积的结果。
操作有两个参数：先前的累积值和集合元素。

这两个函数的区别在于：fold() 接受一个初始值并将其用作第一步的累积值，而 reduce() 的第一步则将第一个和第二个元素作为第一步的操作参数。

fun main() {
//sampleStart
    val numbers = listOf(5, 2, 10, 4)

    val simpleSum = numbers.reduce { sum, element -> sum + element }
    println(simpleSum)
    val sumDoubled = numbers.fold(0) { sum, element -> sum + element * 2 }
    println(sumDoubled)

    //错误：第一个元素在结果中没有加倍
    //val sumDoubledReduce = numbers.reduce { sum, element -> sum + element * 2 }
    //println(sumDoubledReduce)
//sampleEnd
}


上面的实例展示了区别：fold() 用于计算加倍的元素之和。
如果将相同的函数传给 reduce()，那么它会返回另一个结果，因为在第一步中它将列表的第一个和第二个元素作为参数，所以第一个元素不会被加倍。

如需将函数以相反的顺序应用于元素，可以使用函数 reduceRight()
和 foldRight()
它们的工作方式类似于 fold() 和 reduce()，但从最后一个元素开始，然后再继续到前一个元素。
记住，在使用 foldRight 或 reduceRight 时，操作参数会更改其顺序：第一个参数变为元素，然后第二个参数变为累积值。


fun main() {
//sampleStart
    val numbers = listOf(5, 2, 10, 4)
    val sumDoubledRight = numbers.foldRight(0) { element, sum -> sum + element * 2 }
    println(sumDoubledRight)
//sampleEnd
}


你还可以使用将元素索引作为参数的操作。
为此，使用函数 reduceIndexed()
与 foldIndexed() 传递元素索引作为操作的第一个参数。

最后，还有将这些操作从右到左应用于集合元素的函数——reduceRightIndexed()
与 foldRightIndexed()。


fun main() {
//sampleStart
    val numbers = listOf(5, 2, 10, 4)
    val sumEven = numbers.foldIndexed(0) { idx, sum, element -> if (idx % 2 == 0) sum + element else sum }
    println(sumEven)

    val sumEvenRight = numbers.foldRightIndexed(0) { idx, element, sum -> if (idx % 2 == 0) sum + element else sum }
    println(sumEvenRight)
//sampleEnd
}


All reduce operations throw an exception on empty collections. To receive null instead, use their *OrNull() counterparts:


	reduceOrNull()

	reduceRightOrNull()

	reduceIndexedOrNull()

	reduceRightIndexedOrNull()



For cases where you want to save intermediate accumulator values, there are functions
runningFold() (or its synonym scan()) 
and runningReduce().


fun main() {
//sampleStart
    val numbers = listOf(0, 1, 2, 3, 4, 5)
    val runningReduceSum = numbers.runningReduce { sum, item -> sum + item }
    val runningFoldSum = numbers.runningFold(10) { sum, item -> sum + item }
//sampleEnd
    val transform = { index: Int, element: Int -> "N = ${index + 1}: $element" }
    println(runningReduceSum.mapIndexed(transform).joinToString("\n", "Sum of first N elements with runningReduce:\n"))
    println(runningFoldSum.mapIndexed(transform).joinToString("\n", "Sum of first N elements with runningFold:\n"))
}


If you need an index in the operation parameter, use runningFoldIndexed()
or runningReduceIndexed().


        

    



        
    



        

    
        Kotlin 协程与通道介绍↗︎

        
            Kotlin 协程与通道介绍

🔗Kotlin 协程与通道介绍
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这一部分包含了协程的取消与超时。

取消协程的执行

在一个长时间运行的应用程序中，你也许需要对你的后台协程进行细粒度的控制。
比如说，一个用户也许关闭了一个启动了协程的界面，那么现在协程的执行结果已经不再被需要了，这时，它应该是可以被取消的。
该 launch 函数返回了一个可以被用来取消运行中的协程的 Job：

import kotlinx.coroutines.*

fun main() = runBlocking {
//sampleStart
    val job = launch {
        repeat(1000) { i ->
            println("job: I'm sleeping $i ...")
            delay(500L)
        }
    }
    delay(1300L) // 延迟一段时间
    println("main: I'm tired of waiting!")
    job.cancel() // 取消该作业
    job.join() // 等待作业执行结束
    println("main: Now I can quit.")
//sampleEnd
}



可以在这里获取完整代码。
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程序执行后的输出如下：

job: I'm sleeping 0 ...
job: I'm sleeping 1 ...
job: I'm sleeping 2 ...
main: I'm tired of waiting!
main: Now I can quit.



一旦 main 函数调用了 job.cancel，我们在其它的协程中就看不到任何输出，因为它被取消了。
这里也有一个可以使 Job 挂起的函数 cancelAndJoin
它合并了对 cancel 以及 join 的调用。

取消是协作的

协程的取消是 协作 的。一段协程代码必须协作才能被取消。
所有 kotlinx.coroutines 中的挂起函数都是 可被取消的 。它们检查协程的取消，
并在取消时抛出 CancellationException。 然而，如果协程正在执行计算任务，并且没有检查取消的话，那么它是不能被取消的，就如如下示例代码所示：

import kotlinx.coroutines.*

fun main() = runBlocking {
//sampleStart
    val startTime = System.currentTimeMillis()
    val job = launch(Dispatchers.Default) {
        var nextPrintTime = startTime
        var i = 0
        while (i < 5) { // 一个执行计算的循环，只是为了占用 CPU
            // 每秒打印消息两次
            if (System.currentTimeMillis() >= nextPrintTime) {
                println("job: I'm sleeping ${i++} ...")
                nextPrintTime += 500L
            }
        }
    }
    delay(1300L) // 等待一段时间
    println("main: I'm tired of waiting!")
    job.cancelAndJoin() // 取消一个作业并且等待它结束
    println("main: Now I can quit.")
//sampleEnd
}



可以在这里获取完整代码。
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运行示例代码，并且我们可以看到它连续打印出了“I'm sleeping”，甚至在调用取消后，
作业仍然执行了五次循环迭代并运行到了它结束为止。


The same problem can be observed by catching a CancellationException and not rethrowing it:

import kotlinx.coroutines.*

fun main() = runBlocking {
//sampleStart
    val job = launch(Dispatchers.Default) {
        repeat(5) { i ->
            try {
                // print a message twice a second
                println("job: I'm sleeping $i ...")
                delay(500)
            } catch (e: Exception) {
                // log the exception
                println(e)
            }
        }
    }
    delay(1300L) // delay a bit
    println("main: I'm tired of waiting!")
    job.cancelAndJoin() // cancels the job and waits for its completion
    println("main: Now I can quit.")
//sampleEnd    
}



You can get the full code here.
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While catching Exception is an anti-pattern, this issue may surface in more subtle ways, like when using the
runCatching function,
which does not rethrow CancellationException.

使计算代码可取消

我们有两种方法来使执行计算的代码可以被取消。第一种方法是定期调用挂起函数来检查取消。对于这种目的 yield 是一个好的选择。
另一种方法是显式的检查取消状态。让我们试试第二种方法。

将前一个示例中的 while (i < 5) 替换为 while (isActive) 并重新运行它。

import kotlinx.coroutines.*

fun main() = runBlocking {
//sampleStart
    val startTime = System.currentTimeMillis()
    val job = launch(Dispatchers.Default) {
        var nextPrintTime = startTime
        var i = 0
        while (isActive) { // 可以被取消的计算循环
            // 每秒打印消息两次
            if (System.currentTimeMillis() >= nextPrintTime) {
                println("job: I'm sleeping ${i++} ...")
                nextPrintTime += 500L
            }
        }
    }
    delay(1300L) // 等待一段时间
    println("main: I'm tired of waiting!")
    job.cancelAndJoin() // 取消该作业并等待它结束
    println("main: Now I can quit.")
//sampleEnd
}



可以在这里获取完整代码。
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你可以看到，现在循环被取消了。isActive 是一个可以被使用在
CoroutineScope 中的扩展属性。


在 finally 中释放资源

我们通常使用如下的方法处理在被取消时抛出 CancellationException 的可被取消的挂起函数。比如说，try {……} finally {……} 表达式以及 Kotlin 的 use 函数一般在协程被取消的时候执行它们的终结动作：

import kotlinx.coroutines.*

fun main() = runBlocking {
//sampleStart
    val job = launch {
        try {
            repeat(1000) { i ->
                println("job: I'm sleeping $i ...")
                delay(500L)
            }
        } finally {
            println("job: I'm running finally")
        }
    }
    delay(1300L) // 延迟一段时间
    println("main: I'm tired of waiting!")
    job.cancelAndJoin() // 取消该作业并且等待它结束
    println("main: Now I can quit.")
//sampleEnd
}



可以在这里获取完整代码。

[image: ]



join 和 cancelAndJoin 等待了所有的终结动作执行完毕，
所以运行示例得到了下面的输出：

job: I'm sleeping 0 ...
job: I'm sleeping 1 ...
job: I'm sleeping 2 ...
main: I'm tired of waiting!
job: I'm running finally
main: Now I can quit.



运行不能取消的代码块

在前一个例子中任何尝试在 finally 块中调用挂起函数的行为都会抛出
CancellationException，因为这里持续运行的代码是可以被取消的。通常，这并不是一个问题，所有良好的关闭操作（关闭一个文件、取消一个作业、或是关闭任何一种通信通道）通常都是非阻塞的，并且不会调用任何挂起函数。然而，在真实的案例中，当你需要挂起一个被取消的协程，你可以将相应的代码包装在
withContext(NonCancellable) {……} 中，并使用 withContext 函数以及 NonCancellable 上下文，见如下示例所示：

import kotlinx.coroutines.*

fun main() = runBlocking {
//sampleStart
    val job = launch {
        try {
            repeat(1000) { i ->
                println("job: I'm sleeping $i ...")
                delay(500L)
            }
        } finally {
            withContext(NonCancellable) {
                println("job: I'm running finally")
                delay(1000L)
                println("job: And I've just delayed for 1 sec because I'm non-cancellable")
            }
        }
    }
    delay(1300L) // 延迟一段时间
    println("main: I'm tired of waiting!")
    job.cancelAndJoin() // 取消该作业并等待它结束
    println("main: Now I can quit.")
//sampleEnd
}



可以在这里获取完整代码。
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超时

在实践中绝大多数取消一个协程的理由是它有可能超时。
当你手动追踪一个相关 Job 的引用并启动了一个单独的协程在延迟后取消追踪，这里已经准备好使用 withTimeout 函数来做这件事。
来看看示例代码：

import kotlinx.coroutines.*

fun main() = runBlocking {
//sampleStart
    withTimeout(1300L) {
        repeat(1000) { i ->
            println("I'm sleeping $i ...")
            delay(500L)
        }
    }
//sampleEnd
}



可以在这里获取完整代码。
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运行后得到如下输出：

I'm sleeping 0 ...
I'm sleeping 1 ...
I'm sleeping 2 ...
Exception in thread "main" kotlinx.coroutines.TimeoutCancellationException: Timed out waiting for 1300 ms



withTimeout 抛出了 TimeoutCancellationException，它是 CancellationException 的子类。
我们之前没有在控制台上看到堆栈跟踪信息的打印。这是因为在被取消的协程中 CancellationException 被认为是协程执行结束的正常原因。
然而，在这个示例中我们在 main 函数中正确地使用了 withTimeout。

由于取消只是一个例外，所有的资源都使用常用的方法来关闭。
如果你需要做一些各类使用超时的特别的额外操作，可以使用类似 withTimeout
的 withTimeoutOrNull 函数，并把这些会超时的代码包装在 try {...} catch (e: TimeoutCancellationException) {...}
代码块中，而 withTimeoutOrNull 通过返回 null 来进行超时操作，从而替代抛出一个异常：

import kotlinx.coroutines.*

fun main() = runBlocking {
//sampleStart
    val result = withTimeoutOrNull(1300L) {
        repeat(1000) { i ->
            println("I'm sleeping $i ...")
            delay(500L)
        }
        "Done" // 在它运行得到结果之前取消它
    }
    println("Result is $result")
//sampleEnd
}



可以在这里获取完整代码。
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运行这段代码时不再抛出异常：

I'm sleeping 0 ...
I'm sleeping 1 ...
I'm sleeping 2 ...
Result is null



Asynchronous timeout and resources


The timeout event in withTimeout is asynchronous with respect to the code running in its block and may happen at any time,
even right before the return from inside of the timeout block. Keep this in mind if you open or acquire some
resource inside the block that needs closing or release outside of the block. 

For example, here we imitate a closeable resource with the Resource class that simply keeps track of how many times 
it was created by incrementing the acquired counter and decrementing the counter in its close function.
Now let us create a lot of coroutines, each of which creates a Resource at the end of the withTimeout block
and releases the resource outside the block. We add a small delay so that it is more likely that the timeout occurs
right when the withTimeout block is already finished, which will cause a resource leak.

import kotlinx.coroutines.*

//sampleStart
var acquired = 0

class Resource {
    init { acquired++ } // Acquire the resource
    fun close() { acquired-- } // Release the resource
}

fun main() {
    runBlocking {
        repeat(10_000) { // Launch 10K coroutines
            launch { 
                val resource = withTimeout(60) { // Timeout of 60 ms
                    delay(50) // Delay for 50 ms
                    Resource() // Acquire a resource and return it from withTimeout block     
                }
                resource.close() // Release the resource
            }
        }
    }
    // Outside of runBlocking all coroutines have completed
    println(acquired) // Print the number of resources still acquired
}
//sampleEnd



You can get the full code here.
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If you run the above code, you'll see that it does not always print zero, though it may depend on the timings 
of your machine. You may need to tweak the timeout in this example to actually see non-zero values. 


Note that incrementing and decrementing acquired counter here from 10K coroutines is completely thread-safe,
since it always happens from the same thread, the one used by runBlocking.
More on that will be explained in the chapter on coroutine context.
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To work around this problem you can store a reference to the resource in a variable instead of returning it 
from the withTimeout block. 

import kotlinx.coroutines.*

var acquired = 0

class Resource {
    init { acquired++ } // Acquire the resource
    fun close() { acquired-- } // Release the resource
}

fun main() {
//sampleStart
    runBlocking {
        repeat(10_000) { // Launch 10K coroutines
            launch { 
                var resource: Resource? = null // Not acquired yet
                try {
                    withTimeout(60) { // Timeout of 60 ms
                        delay(50) // Delay for 50 ms
                        resource = Resource() // Store a resource to the variable if acquired      
                    }
                    // We can do something else with the resource here
                } finally {  
                    resource?.close() // Release the resource if it was acquired
                }
            }
        }
    }
    // Outside of runBlocking all coroutines have completed
    println(acquired) // Print the number of resources still acquired
//sampleEnd
}



You can get the full code here.
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This example always prints zero. Resources do not leak.






        

    



        
    



        

    
        异步流

        
            异步流

挂起函数可以异步的返回单个值，但是该如何异步返回多个计算好的值呢？这正是 Kotlin 流（Flow）的用武之地。

表示多个值

在 Kotlin 中可以使用集合来表示多个值。
比如说，我们有一个 simple 函数，它返回一个包含三个数字的 List，
然后使用 forEach 打印它们：

fun simple(): List<Int> = listOf(1, 2, 3)

fun main() {
    simple().forEach { value -> println(value) } 
}



可以在这里获取完整代码。
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这段代码输出如下：

1
2
3



序列

如果使用一些消耗 CPU 资源的阻塞代码计算数字（每次计算需要 100 毫秒）那么我们可以使用 Sequence 来表示数字：

fun simple(): Sequence<Int> = sequence { // 序列构建器
    for (i in 1..3) {
        Thread.sleep(100) // 假装我们正在计算
        yield(i) // 产生下一个值
    }
}

fun main() {
    simple().forEach { value -> println(value) } 
}



可以在这里获取完整代码。
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这段代码输出相同的数字，但在打印每个数字之前等待 100 毫秒。


挂起函数

然而，计算过程阻塞运行该代码的主线程。
当这些值由异步代码计算时，我们可以使用 suspend 修饰符标记函数 simple，
这样它就可以在不阻塞的情况下执行其工作并将结果作为列表返回：

import kotlinx.coroutines.*                 

//sampleStart
suspend fun simple(): List<Int> {
    delay(1000) // 假装我们在这里做了一些异步的事情
    return listOf(1, 2, 3)
}

fun main() = runBlocking<Unit> {
    simple().forEach { value -> println(value) } 
}
//sampleEnd



可以在这里获取完整代码。
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这段代码将会在等待一秒之后打印数字。


流

使用 List 结果类型，意味着我们只能一次返回所有值。
为了表示异步计算的值流（stream），我们可以使用 Flow 类型（正如同步计算值会使用 Sequence 类型）：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart               
fun simple(): Flow<Int> = flow { // 流构建器
    for (i in 1..3) {
        delay(100) // 假装我们在这里做了一些有用的事情
        emit(i) // 发送下一个值
    }
}

fun main() = runBlocking<Unit> {
    // 启动并发的协程以验证主线程并未阻塞
    launch {
        for (k in 1..3) {
            println("I'm not blocked $k")
            delay(100)
        }
    }
    // 收集这个流
    simple().collect { value -> println(value) } 
}
//sampleEnd



可以在这里获取完整代码。
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这段代码在不阻塞主线程的情况下每等待 100 毫秒打印一个数字。在主线程中运行一个单独的协程每 100 毫秒打印一次 “I'm not blocked” 已经经过了验证。

I'm not blocked 1
1
I'm not blocked 2
2
I'm not blocked 3
3



注意使用 Flow 的代码与先前示例的下述区别：


	Flow 类型的构建器函数名为 flow。

	flow { ... } 构建块中的代码可以挂起。

	函数 simple 不再标有 suspend 修饰符。

	流使用 emit 函数 发射 值。

	流使用 collect 函数 收集 值。




我们可以在 simple 的 flow { ... } 函数体内使用 Thread.sleep 代替 delay
以观察主线程在本案例中被阻塞了。
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流是冷的

Flow 是一种类似于序列的冷流 — 这段 flow 构建器中的代码直到流被收集的时候才运行。这在以下的示例中非常明显：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart      
fun simple(): Flow<Int> = flow { 
    println("Flow started")
    for (i in 1..3) {
        delay(100)
        emit(i)
    }
}

fun main() = runBlocking<Unit> {
    println("Calling simple function...")
    val flow = simple()
    println("Calling collect...")
    flow.collect { value -> println(value) } 
    println("Calling collect again...")
    flow.collect { value -> println(value) } 
}
//sampleEnd



可以在这里获取完整代码。
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打印如下：

Calling simple function...
Calling collect...
Flow started
1
2
3
Calling collect again...
Flow started
1
2
3



这是返回一个流的 simple 函数没有标记 suspend 修饰符的主要原因。
The simple() call itself returns quickly and does not wait for anything. The flow starts afresh every time it is
collected and that is why we see "Flow started" every time we call collect again.

流取消基础

流采用与协程同样的协作取消。像往常一样，流的收集可以在当流在一个可取消的挂起函数（例如 delay）中挂起的时候取消。
以下示例展示了当 withTimeoutOrNull 块中代码在运行的时候流是如何在超时的情况下取消并停止执行其代码的：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart           
fun simple(): Flow<Int> = flow { 
    for (i in 1..3) {
        delay(100)          
        println("Emitting $i")
        emit(i)
    }
}

fun main() = runBlocking<Unit> {
    withTimeoutOrNull(250) { // 在 250 毫秒后超时
        simple().collect { value -> println(value) } 
    }
    println("Done")
}
//sampleEnd



可以在这里获取完整代码。
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注意，在 simple 函数中流仅发射两个数字，产生以下输出：

Emitting 1
1
Emitting 2
2
Done



See Flow cancellation checks section for more details.

流构建器

先前示例中的 flow { ... } 构建器是最基础的一个。还有其他构建器让流可以这样声明：


	flowOf 构建器定义了一个发射固定值集的流。

	使用 .asFlow()  扩展函数，可以将各种集合与序列转换为流。



For example, the snippet that prints the numbers 1 to 3 from a flow can be rewritten as follows:

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun main() = runBlocking<Unit> {
//sampleStart
    // 将一个整数区间转化为流
    (1..3).asFlow().collect { value -> println(value) }
//sampleEnd 
}



可以在这里获取完整代码。
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过渡流操作符

可以使用操作符转换流，就像转换集合与序列一样。
过渡操作符应用于上游流，并返回下游流。
这些操作符也是冷操作符，就像流一样。这类操作符本身不是挂起函数。它运行的速度很快，返回新的转换流的定义。

基础的操作符拥有相似的名字，比如 map 与 filter。
这些操作符与序列版的主要区别在于这些操作符中的代码可以调用挂起函数。

举例来说，一个请求中的流可以使用 map 操作符映射出结果，即使执行一个长时间的请求操作也可以使用挂起函数来实现：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart           
suspend fun performRequest(request: Int): String {
    delay(1000) // 模仿长时间运行的异步工作
    return "response $request"
}

fun main() = runBlocking<Unit> {
    (1..3).asFlow() // 一个请求流
        .map { request -> performRequest(request) }
        .collect { response -> println(response) }
}
//sampleEnd



可以在这里获取完整代码。
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它产生以下三行，每行都比前一行晚一秒出现：

response 1
response 2
response 3



转换操作符

在流转换操作符中，最通用的一种称为 transform。它可以用来模仿简单的转换，例如 map 与 filter，以及实施更复杂的转换。
使用 transform 操作符，我们可以 发射 任意值任意次。

比如说，使用 transform 我们可以在执行长时间运行的异步请求之前发射一个字符串并跟踪这个响应：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

suspend fun performRequest(request: Int): String {
    delay(1000) // 模仿长时间运行的异步任务
    return "response $request"
}

fun main() = runBlocking<Unit> {
//sampleStart
    (1..3).asFlow() // 一个请求流
        .transform { request ->
            emit("Making request $request") 
            emit(performRequest(request)) 
        }
        .collect { response -> println(response) }
//sampleEnd
}



可以在这里获取完整代码。
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这段代码的输出如下：

Making request 1
response 1
Making request 2
response 2
Making request 3
response 3



限长操作符

限长过渡操作符（例如 take）在流触及相应限制的时候会将它的执行取消。协程中的取消操作总是通过抛出异常来执行，这样所有的资源管理函数（如 try {...} finally {...} 块）会在取消的情况下正常运行：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart
fun numbers(): Flow<Int> = flow {
    try {                          
        emit(1)
        emit(2) 
        println("This line will not execute")
        emit(3)    
    } finally {
        println("Finally in numbers")
    }
}

fun main() = runBlocking<Unit> {
    numbers() 
        .take(2) // 只获取前两个
        .collect { value -> println(value) }
}            
//sampleEnd



可以在这里获取完整代码。
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这段代码的输出清楚地表明，numbers() 函数中对 flow {...} 函数体的执行在发射出第二个数字后停止：

1
2
Finally in numbers



末端流操作符

末端操作符是在流上用于启动流收集的挂起函数。
collect 是最基础的末端操作符，但是还有另外一些更方便使用的末端操作符：


	转化为各种集合，例如 toList 与 toSet。

	获取第一个（first）值与确保流发射单个（single）值的操作符。

	使用 reduce 与 fold 将流规约到单个值。



举例来说：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun main() = runBlocking<Unit> {
//sampleStart         
    val sum = (1..5).asFlow()
        .map { it * it } // 数字 1 至 5 的平方                        
        .reduce { a, b -> a + b } // 求和（末端操作符）
    println(sum)
//sampleEnd     
}



可以在这里获取完整代码。
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打印单个数字：

55



流是连续的

流的每次单独收集都是按顺序执行的，除非进行特殊操作的操作符使用多个流。该收集过程直接在协程中运行，该协程调用末端操作符。
默认情况下不启动新协程。
从上游到下游每个过渡操作符都会处理每个发射出的值然后再交给末端操作符。

请参见以下示例，该示例过滤偶数并将其映射到字符串：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun main() = runBlocking<Unit> {
//sampleStart         
    (1..5).asFlow()
        .filter {
            println("Filter $it")
            it % 2 == 0              
        }              
        .map { 
            println("Map $it")
            "string $it"
        }.collect { 
            println("Collect $it")
        }    
//sampleEnd                  
}



可以在这里获取完整代码。
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执行：

Filter 1
Filter 2
Map 2
Collect string 2
Filter 3
Filter 4
Map 4
Collect string 4
Filter 5



流上下文

流的收集总是在调用协程的上下文中发生。例如，如果有一个流
simple，然后以下代码在它的编写者指定的上下文中运行，而无论流 simple 的实现细节如何：

withContext(context) {
    simple().collect { value ->
        println(value) // 运行在指定上下文中
    }
}



流的该属性称为 上下文保存 。

所以默认的，flow { ... } 构建器中的代码运行在相应流的收集器提供的上下文中。举例来说，考虑打印线程的一个 simple 函数的实现，
它被调用并发射三个数字：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun log(msg: String) = println("[${Thread.currentThread().name}] $msg")

//sampleStart
fun simple(): Flow<Int> = flow {
    log("Started simple flow")
    for (i in 1..3) {
        emit(i)
    }
}  

fun main() = runBlocking<Unit> {
    simple().collect { value -> log("Collected $value") } 
}            
//sampleEnd



可以在这里获取完整代码。
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运行这段代码：

[main @coroutine#1] Started simple flow
[main @coroutine#1] Collected 1
[main @coroutine#1] Collected 2
[main @coroutine#1] Collected 3



由于 simple().collect 是在主线程调用的，那么 simple 的流主体也是在主线程调用的。
这是快速运行或异步代码的理想默认形式，它不关心执行的上下文并且不会阻塞调用者。

A common pitfall when using withContext

然而，长时间运行的消耗 CPU 的代码也许需要在 Dispatchers.Default 上下文中执行，并且更新 UI
的代码也许需要在 Dispatchers.Main 中执行。通常，withContext 用于在
Kotlin 协程中改变代码的上下文，但是 flow {...} 构建器中的代码必须遵循上下文保存属性，并且不允许从其他上下文中发射（emit）。

尝试运行下面的代码：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart
fun simple(): Flow<Int> = flow {
    // 在流构建器中更改消耗 CPU 代码的上下文的错误方式
    kotlinx.coroutines.withContext(Dispatchers.Default) {
        for (i in 1..3) {
            Thread.sleep(100) // 假装我们以消耗 CPU 的方式进行计算
            emit(i) // 发射下一个值
        }
    }
}

fun main() = runBlocking<Unit> {
    simple().collect { value -> println(value) } 
}            
//sampleEnd



可以在这里获取完整代码。
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这段代码产生如下的异常：

Exception in thread "main" java.lang.IllegalStateException: Flow invariant is violated:
        Flow was collected in [CoroutineId(1), "coroutine#1":BlockingCoroutine{Active}@5511c7f8, BlockingEventLoop@2eac3323],
        but emission happened in [CoroutineId(1), "coroutine#1":DispatchedCoroutine{Active}@2dae0000, Dispatchers.Default].
        Please refer to 'flow' documentation or use 'flowOn' instead
    at ...



flowOn 操作符

例外的是 flowOn 函数，该函数用于更改流发射的上下文。
以下示例展示了更改流上下文的正确方法，该示例还通过打印相应线程的名字以展示它们的工作方式：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun log(msg: String) = println("[${Thread.currentThread().name}] $msg")

//sampleStart
fun simple(): Flow<Int> = flow {
    for (i in 1..3) {
        Thread.sleep(100) // 假装我们以消耗 CPU 的方式进行计算
        log("Emitting $i")
        emit(i) // 发射下一个值
    }
}.flowOn(Dispatchers.Default) // 在流构建器中改变消耗 CPU 代码上下文的正确方式

fun main() = runBlocking<Unit> {
    simple().collect { value ->
        log("Collected $value") 
    } 
}            
//sampleEnd



可以在这里获取完整代码。
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注意，当收集发生在主线程中，flow { ... } 是如何在后台线程中工作的：


这里要观察的另一件事是 flowOn 操作符已改变流的默认顺序性。
现在收集发生在一个协程中（“coroutine#1”）而发射发生在运行于另一个线程中与收集协程并发运行的另一个协程（“coroutine#2”）中。当上游流必须改变其上下文中的 CoroutineDispatcher 的时候，flowOn 操作符创建了另一个协程。

缓冲

从收集流所花费的时间来看，将流的不同部分运行在不同的协程中将会很有帮助，特别是当涉及到长时间运行的异步操作时。例如，考虑一种情况，
一个 simple 流的发射很慢，它每花费 100 毫秒才产生一个元素；而收集器也非常慢，
需要花费 300 毫秒来处理元素。让我们看看从该流收集三个数字要花费多长时间：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*
import kotlin.system.*

//sampleStart
fun simple(): Flow<Int> = flow {
    for (i in 1..3) {
        delay(100) // 假装我们异步等待了 100 毫秒
        emit(i) // 发射下一个值
    }
}

fun main() = runBlocking<Unit> { 
    val time = measureTimeMillis {
        simple().collect { value -> 
            delay(300) // 假装我们花费 300 毫秒来处理它
            println(value) 
        } 
    }   
    println("Collected in $time ms")
}
//sampleEnd



可以在这里获取完整代码。
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它会产生这样的结果，整个收集过程大约需要 1200 毫秒（3 个数字，每个花费 400 毫秒）：

1
2
3
Collected in 1220 ms



我们可以在流上使用 buffer 操作符来并发运行这个 simple 流中发射元素的代码以及收集的代码，
而不是顺序运行它们：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*
import kotlin.system.*

fun simple(): Flow<Int> = flow {
    for (i in 1..3) {
        delay(100) // 假装我们异步等待了 100 毫秒
        emit(i) // 发射下一个值
    }
}

fun main() = runBlocking<Unit> { 
//sampleStart
    val time = measureTimeMillis {
        simple()
            .buffer() // 缓冲发射项，无需等待
            .collect { value -> 
                delay(300) // 假装我们花费 300 毫秒来处理它
                println(value) 
            } 
    }   
    println("Collected in $time ms")
//sampleEnd
}



可以在这里获取完整代码。
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它产生了相同的数字，只是更快了，由于我们高效地创建了处理流水线，
仅仅需要等待第一个数字产生的 100 毫秒以及处理每个数字各需花费的 300 毫秒。这种方式大约花费了 1000 毫秒来运行：

1
2
3
Collected in 1071 ms




注意，当必须更改 CoroutineDispatcher 时，flowOn 操作符使用了相同的缓冲机制，
但是我们在这里显式地请求缓冲而不改变执行上下文。
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合并

当流代表部分操作结果或操作状态更新时，可能没有必要处理每个值，而是只处理最新的那个。在本示例中，当收集器处理它们太慢的时候，
conflate 操作符可以用于跳过中间值。构建前面的示例：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*
import kotlin.system.*

fun simple(): Flow<Int> = flow {
    for (i in 1..3) {
        delay(100) // 假装我们异步等待了 100 毫秒
        emit(i) // 发射下一个值
    }
}

fun main() = runBlocking<Unit> { 
//sampleStart
    val time = measureTimeMillis {
        simple()
            .conflate() // 合并发射项，不对每个值进行处理
            .collect { value -> 
                delay(300) // 假装我们花费 300 毫秒来处理它
                println(value) 
            } 
    }   
    println("Collected in $time ms")
//sampleEnd
}



可以在这里获取完整代码。
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我们看到，虽然第一个数字仍在处理中，但第二个和第三个数字已经产生，因此第二个是 conflated ，只有最新的（第三个）被交付给收集器：

1
3
Collected in 758 ms



处理最新值

当发射器和收集器都很慢的时候，合并是加快处理速度的一种方式。它通过删除发射值来实现。
另一种方式是取消缓慢的收集器，并在每次发射新值的时候重新启动它。有一组与 xxx 操作符执行相同基本逻辑的 xxxLatest 操作符，但是在新值产生的时候取消执行其块中的代码。让我们在先前的示例中尝试更换 conflate 为 collectLatest：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*
import kotlin.system.*

fun simple(): Flow<Int> = flow {
    for (i in 1..3) {
        delay(100) // 假装我们异步等待了 100 毫秒
        emit(i) // 发射下一个值
    }
}

fun main() = runBlocking<Unit> { 
//sampleStart
    val time = measureTimeMillis {
        simple()
            .collectLatest { value -> // 取消并重新发射最后一个值
                println("Collecting $value") 
                delay(300) // 假装我们花费 300 毫秒来处理它
                println("Done $value") 
            } 
    }   
    println("Collected in $time ms")
//sampleEnd
}



可以在这里获取完整代码。
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由于 collectLatest 的函数体需要花费 300 毫秒，但是新值每 100 秒发射一次，我们看到该代码块对每个值运行，但是只收集最后一个值：

Collecting 1
Collecting 2
Collecting 3
Done 3
Collected in 741 ms



组合多个流

组合多个流有很多种方式。

Zip

就像 Kotlin 标准库中的 Sequence.zip 扩展函数一样，
流拥有一个 zip 操作符用于组合两个流中的相关值：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun main() = runBlocking<Unit> { 
//sampleStart                                                                           
    val nums = (1..3).asFlow() // 数字 1..3
    val strs = flowOf("one", "two", "three") // 字符串
    nums.zip(strs) { a, b -> "$a -> $b" } // 组合单个字符串
        .collect { println(it) } // 收集并打印
//sampleEnd
}



可以在这里获取完整代码。
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示例打印如下：

1 -> one
2 -> two
3 -> three



Combine

当流表示一个变量或操作的最新值时（请参阅相关小节 conflation），可能需要执行计算，这依赖于相应流的最新值，并且每当上游流产生值的时候都需要重新计算。这种相应的操作符家族称为 combine。

例如，先前示例中的数字如果每 300 毫秒更新一次，但字符串每 400 毫秒更新一次，
然后使用 zip 操作符合并它们，但仍会产生相同的结果，
尽管每 400 毫秒打印一次结果：


我们在本示例中使用 onEach 过渡操作符来延时每次元素发射并使该流更具说明性以及更简洁。
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import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun main() = runBlocking<Unit> { 
//sampleStart                                                                           
    val nums = (1..3).asFlow().onEach { delay(300) } // 发射数字 1..3，间隔 300 毫秒
    val strs = flowOf("one", "two", "three").onEach { delay(400) } // 每 400 毫秒发射一次字符串
    val startTime = System.currentTimeMillis() // 记录开始的时间
    nums.zip(strs) { a, b -> "$a -> $b" } // 使用“zip”组合单个字符串
        .collect { value -> // 收集并打印
            println("$value at ${System.currentTimeMillis() - startTime} ms from start") 
        } 
//sampleEnd
}



可以在这里获取完整代码。
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然而，当在这里使用 combine 操作符来替换 zip：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun main() = runBlocking<Unit> { 
//sampleStart                                                                           
    val nums = (1..3).asFlow().onEach { delay(300) } // 发射数字 1..3，间隔 300 毫秒
    val strs = flowOf("one", "two", "three").onEach { delay(400) } // 每 400 毫秒发射一次字符串
    val startTime = System.currentTimeMillis() // 记录开始的时间
    nums.combine(strs) { a, b -> "$a -> $b" } // 使用“combine”组合单个字符串
        .collect { value -> // 收集并打印
            println("$value at ${System.currentTimeMillis() - startTime} ms from start") 
        } 
//sampleEnd
}



可以在这里获取完整代码。
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我们得到了完全不同的输出，其中，nums 或 strs 流中的每次发射都会打印一行：

1 -> one at 452 ms from start
2 -> one at 651 ms from start
2 -> two at 854 ms from start
3 -> two at 952 ms from start
3 -> three at 1256 ms from start



展平流

流表示异步接收的值序列，因此很容易遇到这样的情况：
每个值都会触发对另一个值序列的请求。比如说，我们可以拥有下面这样一个返回间隔 500
毫秒的两个字符串流的函数：

fun requestFlow(i: Int): Flow<String> = flow {
    emit("$i: First") 
    delay(500) // 等待 500 毫秒
    emit("$i: Second")    
}



现在，如果我们有一个包含三个整数的流，并对每个整数调用 requestFlow，如下所示：

(1..3).asFlow().map { requestFlow(it) }



然后我们会得到一个包含流的流（Flow<Flow<String>>），需要将其进行展平为单个流以进行下一步处理。集合与序列都拥有 flatten 与 flatMap
操作符来做这件事。然而，由于流具有异步的性质，因此需要不同的展平模式，
为此，存在一系列的流展平操作符。

flatMapConcat

将流的流串联由 flatMapConcat 与 flattenConcat 操作符提供。它们是相应序列操作符最相近的类似物。它们在等待内部流完成之后开始收集下一个值，如下面的示例所示：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun requestFlow(i: Int): Flow<String> = flow {
    emit("$i: First") 
    delay(500) // 等待 500 毫秒
    emit("$i: Second")    
}

fun main() = runBlocking<Unit> { 
//sampleStart
    val startTime = System.currentTimeMillis() // 记录开始时间
    (1..3).asFlow().onEach { delay(100) } // 每 100 毫秒发射一个数字 
        .flatMapConcat { requestFlow(it) }                                                                           
        .collect { value -> // 收集并打印
            println("$value at ${System.currentTimeMillis() - startTime} ms from start") 
        } 
//sampleEnd
}



可以在这里获取完整代码。
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在输出中可以清楚地看到 flatMapConcat 的顺序性质：

1: First at 121 ms from start
1: Second at 622 ms from start
2: First at 727 ms from start
2: Second at 1227 ms from start
3: First at 1328 ms from start
3: Second at 1829 ms from start



flatMapMerge

另一种展平操作是并发收集所有传入的流，并将它们的值合并到一个单独的流，以便尽快的发射值。
它由 flatMapMerge 与 flattenMerge 操作符实现。他们都接收可选的用于限制并发收集的流的个数的 concurrency 参数（默认情况下，它等于 DEFAULT_CONCURRENCY）。

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun requestFlow(i: Int): Flow<String> = flow {
    emit("$i: First") 
    delay(500) // 等待 500 毫秒
    emit("$i: Second")    
}

fun main() = runBlocking<Unit> { 
//sampleStart
    val startTime = System.currentTimeMillis() // 记录开始时间
    (1..3).asFlow().onEach { delay(100) } // 每 100 毫秒发射一个数字 
        .flatMapMerge { requestFlow(it) }                                                                           
        .collect { value -> // 收集并打印
            println("$value at ${System.currentTimeMillis() - startTime} ms from start") 
        } 
//sampleEnd
}



可以在这里获取完整代码。
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flatMapMerge 的并发性质很明显：

1: First at 136 ms from start
2: First at 231 ms from start
3: First at 333 ms from start
1: Second at 639 ms from start
2: Second at 732 ms from start
3: Second at 833 ms from start




注意，flatMapMerge 会顺序调用代码块（本示例中的 { requestFlow(it) }），但是并发收集结果流，相当于执行顺序是首先执行
map { requestFlow(it) } 然后在其返回结果上调用 flattenMerge。
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flatMapLatest

与 collectLatest 操作符类似（在"处理最新值" 小节中已经描述过），也有相对应的“最新”展平模式，在发出新流后立即取消先前流的收集。
这由 flatMapLatest 操作符来实现。

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun requestFlow(i: Int): Flow<String> = flow {
    emit("$i: First") 
    delay(500) // 等待 500 毫秒
    emit("$i: Second")    
}

fun main() = runBlocking<Unit> { 
//sampleStart
    val startTime = System.currentTimeMillis() // 记录开始时间
    (1..3).asFlow().onEach { delay(100) } // 每 100 毫秒发射一个数字 
        .flatMapLatest { requestFlow(it) }                                                                           
        .collect { value -> // 收集并打印
            println("$value at ${System.currentTimeMillis() - startTime} ms from start") 
        } 
//sampleEnd
}



可以在这里获取完整代码。
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该示例的输出很好的展示了 flatMapLatest 的工作方式：

1: First at 142 ms from start
2: First at 322 ms from start
3: First at 425 ms from start
3: Second at 931 ms from start




注意，flatMapLatest 在收到一个新值时取消了块中的所有代码 (本示例中的 { requestFlow(it) }）。
这在该特定示例中不会有什么区别，由于调用 requestFlow 自身的速度是很快的，不会发生挂起，
所以不会被取消。然而，a differnce in output would be visible if we were to use suspending functions
like delay in requestFlow.
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流异常

当运算符中的发射器或代码抛出异常时，流收集可以带有异常的完成。
有几种处理异常的方法。

收集器 try 与 catch

收集者可以使用 Kotlin 的 try/catch 块来处理异常：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart
fun simple(): Flow<Int> = flow {
    for (i in 1..3) {
        println("Emitting $i")
        emit(i) // 发射下一个值
    }
}

fun main() = runBlocking<Unit> {
    try {
        simple().collect { value ->         
            println(value)
            check(value <= 1) { "Collected $value" }
        }
    } catch (e: Throwable) {
        println("Caught $e")
    } 
}            
//sampleEnd



可以在这里获取完整代码。
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这段代码成功的在末端操作符 collect 中捕获了异常，并且，
如我们所见，在这之后不再发出任何值：

Emitting 1
1
Emitting 2
2
Caught java.lang.IllegalStateException: Collected 2



一切都已捕获

前面的示例实际上捕获了在发射器或任何过渡或末端操作符中发生的任何异常。
例如，让我们修改代码以便将发出的值映射为字符串，
但是相应的代码会产生一个异常：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart
fun simple(): Flow<String> = 
    flow {
        for (i in 1..3) {
            println("Emitting $i")
            emit(i) // 发射下一个值
        }
    }
    .map { value ->
        check(value <= 1) { "Crashed on $value" }                 
        "string $value"
    }

fun main() = runBlocking<Unit> {
    try {
        simple().collect { value -> println(value) }
    } catch (e: Throwable) {
        println("Caught $e")
    } 
}            
//sampleEnd



可以在这里获取完整代码。
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仍然会捕获该异常并停止收集：

Emitting 1
string 1
Emitting 2
Caught java.lang.IllegalStateException: Crashed on 2



异常透明性

但是，发射器的代码如何封装其异常处理行为？

流必须对异常透明，即在 flow { ... } 构建器内部的 try/catch
块中发射值是违反异常透明性的。这样可以保证收集器抛出的一个异常能被像先前示例中那样的 try/catch 块捕获。

发射器可以使用 catch 操作符来保留此异常的透明性并允许封装它的异常处理。catch 操作符的代码块可以分析异常并根据捕获到的异常以不同的方式对其做出反应：


	可以使用 throw 重新抛出异常。

	可以使用 catch 代码块中的 emit 将异常转换为值发射出去。

	可以将异常忽略，或用日志打印，或使用一些其他代码处理它。



例如，让我们在捕获异常的时候发射文本：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun simple(): Flow<String> = 
    flow {
        for (i in 1..3) {
            println("Emitting $i")
            emit(i) // 发射下一个值
        }
    }
    .map { value ->
        check(value <= 1) { "Crashed on $value" }
        "string $value"
    }

fun main() = runBlocking<Unit> {
//sampleStart
    simple()
        .catch { e -> emit("Caught $e") } // 发射一个异常
        .collect { value -> println(value) }
//sampleEnd
}



可以在这里获取完整代码。
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即使我们不再在代码的外层使用 try/catch，示例的输出也是相同的。


透明捕获

catch 过渡操作符遵循异常透明性，仅捕获上游异常（catch 操作符上游的异常，但是它下面的不是）。
如果 collect { ... } 块（位于 catch 之下）抛出一个异常，那么异常会逃逸：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart
fun simple(): Flow<Int> = flow {
    for (i in 1..3) {
        println("Emitting $i")
        emit(i)
    }
}

fun main() = runBlocking<Unit> {
    simple()
        .catch { e -> println("Caught $e") } // 不会捕获下游异常
        .collect { value ->
            check(value <= 1) { "Collected $value" }                 
            println(value) 
        }
}            
//sampleEnd



可以在这里获取完整代码。
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尽管有 catch 操作符，但不会打印“Caught ...”消息：

Emitting 1
1
Emitting 2
Exception in thread "main" java.lang.IllegalStateException: Collected 2
    at ...



声明式捕获

我们可以将 catch 操作符的声明性与处理所有异常的期望相结合，将 collect
操作符的代码块移动到 onEach 中，并将其放到 catch 操作符之前。收集该流必须由调用无参的 collect() 来触发：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun simple(): Flow<Int> = flow {
    for (i in 1..3) {
        println("Emitting $i")
        emit(i)
    }
}

fun main() = runBlocking<Unit> {
//sampleStart
    simple()
        .onEach { value ->
            check(value <= 1) { "Collected $value" }                 
            println(value) 
        }
        .catch { e -> println("Caught $e") }
        .collect()
//sampleEnd
}



可以在这里获取完整代码。
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现在我们可以看到已经打印了“Caught ...”消息，并且我们可以在没有显式使用
try/catch 块的情况下捕获所有异常：

Emitting 1
1
Emitting 2
Caught java.lang.IllegalStateException: Collected 2



流完成

当流收集完成时（普通情况或异常情况），它可能需要执行一个动作。
你可能已经注意到，它可以通过两种方式完成：命令式或声明式。

命令式 finally 块

除了 try/catch 之外，收集器还能使用 finally 块在 collect
完成时执行一个动作。

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart
fun simple(): Flow<Int> = (1..3).asFlow()

fun main() = runBlocking<Unit> {
    try {
        simple().collect { value -> println(value) }
    } finally {
        println("Done")
    }
}            
//sampleEnd



可以在这里获取完整代码。
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这段代码打印出 simple 流产生的三个数字，后面跟一个“Done”字符串：

1
2
3
Done



声明式处理

对于声明式，流拥有 onCompletion 过渡操作符，它在流完全收集时调用。

可以使用 onCompletion 操作符重写前面的示例，并产生相同的输出：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

fun simple(): Flow<Int> = (1..3).asFlow()

fun main() = runBlocking<Unit> {
//sampleStart
    simple()
        .onCompletion { println("Done") }
        .collect { value -> println(value) }
//sampleEnd
}



可以在这里获取完整代码。
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onCompletion 的主要优点是其 lambda 表达式的可空参数
Throwable 可以用于确定流收集是正常完成还是有异常发生。在下面的示例中 simple 流在发射数字 1 之后抛出了一个异常：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart
fun simple(): Flow<Int> = flow {
    emit(1)
    throw RuntimeException()
}

fun main() = runBlocking<Unit> {
    simple()
        .onCompletion { cause -> if (cause != null) println("Flow completed exceptionally") }
        .catch { cause -> println("Caught exception") }
        .collect { value -> println(value) }
}            
//sampleEnd



可以在这里获取完整代码。
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如你所期望的，它打印了：

1
Flow completed exceptionally
Caught exception



onCompletion 操作符与 catch 不同，它不处理异常。我们可以看到前面的示例代码，异常仍然流向下游。它将被提供给后面的 onCompletion
操作符，并可以由 catch 操作符处理。

成功完成

与 catch 操作符的另一个不同点是 onCompletion 能观察到所有异常并且仅在上游流成功完成（没有取消或失败）的情况下接收一个 null 异常。

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart
fun simple(): Flow<Int> = (1..3).asFlow()

fun main() = runBlocking<Unit> {
    simple()
        .onCompletion { cause -> println("Flow completed with $cause") }
        .collect { value ->
            check(value <= 1) { "Collected $value" }                 
            println(value) 
        }
}
//sampleEnd



可以在这里获取完整代码。
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我们可以看到完成时 cause 不为空，因为流由于下游异常而中止：

1
Flow completed with java.lang.IllegalStateException: Collected 2
Exception in thread "main" java.lang.IllegalStateException: Collected 2



命令式还是声明式

现在我们知道如何收集流，并以命令式与声明式的方式处理其完成及异常情况。
这里有一个很自然的问题是，哪种方式应该是首选的？为什么？
作为一个库，我们不主张采用任何特定的方式，并且相信这两种选择都是有效的，
应该根据自己的喜好与代码风格进行选择。

启动流

使用流表示来自一些源的异步事件是很简单的。
在这个案例中，我们需要一个类似 addEventListener 的函数，该函数注册一段响应的代码处理即将到来的事件，并继续进行进一步的处理。onEach 操作符可以担任该角色。
然而，onEach 是一个过渡操作符。我们也需要一个末端操作符来收集流。
否则仅调用 onEach 是无效的。

如果我们在 onEach 之后使用 collect 末端操作符，那么后面的代码会一直等待直至流被收集：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart
// 模仿事件流
fun events(): Flow<Int> = (1..3).asFlow().onEach { delay(100) }

fun main() = runBlocking<Unit> {
    events()
        .onEach { event -> println("Event: $event") }
        .collect() // <--- 等待流收集
    println("Done")
}            
//sampleEnd



可以在这里获取完整代码。
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你可以看到它的输出：

Event: 1
Event: 2
Event: 3
Done



launchIn 末端操作符可以在这里派上用场。使用 launchIn 替换 collect 我们可以在单独的协程中启动流的收集，这样就可以立即继续进一步执行代码：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

// 模仿事件流
fun events(): Flow<Int> = (1..3).asFlow().onEach { delay(100) }

//sampleStart
fun main() = runBlocking<Unit> {
    events()
        .onEach { event -> println("Event: $event") }
        .launchIn(this) // <--- 在单独的协程中执行流
    println("Done")
}            
//sampleEnd



可以在这里获取完整代码。
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它打印了：

Done
Event: 1
Event: 2
Event: 3



launchIn 必要的参数 CoroutineScope 指定了用哪一个协程来启动流的收集。在先前的示例中这个作用域来自 runBlocking
协程构建器，在这个流运行的时候，runBlocking 作用域等待它的子协程执行完毕并防止 main 函数返回并终止此示例。

在实际的应用中，作用域来自于一个寿命有限的实体。在该实体的寿命终止后，相应的作用域就会被取消，即取消相应流的收集。这种成对的 onEach { ... }.launchIn(scope) 工作方式就像 addEventListener 一样。而且，这不需要相应的 removeEventListener 函数，
因为取消与结构化并发可以达成这个目的。

注意，launchIn 也会返回一个 Job，可以在不取消整个作用域的情况下仅取消相应的流收集或对其进行 join。

流取消检测

为方便起见，流构建器对每个发射值执行附加的 ensureActive 检测以进行取消。
这意味着从 flow { ... } 发出的繁忙循环是可以取消的：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart           
fun foo(): Flow<Int> = flow { 
    for (i in 1..5) {
        println("Emitting $i") 
        emit(i) 
    }
}

fun main() = runBlocking<Unit> {
    foo().collect { value -> 
        if (value == 3) cancel()  
        println(value)
    } 
}
//sampleEnd



可以在这里获取完整的代码。
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仅得到不超过 3 的数字，在尝试发出 4 之后抛出 CancellationException；

Emitting 1
1
Emitting 2
2
Emitting 3
3
Emitting 4
Exception in thread "main" kotlinx.coroutines.JobCancellationException: BlockingCoroutine was cancelled; job="coroutine#1":BlockingCoroutine{Cancelled}@6d7b4f4c



但是，出于性能原因，大多数其他流操作不会自行执行其他取消检测。
例如，如果使用 IntRange.asFlow 扩展来编写相同的繁忙循环，
并且没有在任何地方暂停，那么就没有取消的检测；

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart           
fun main() = runBlocking<Unit> {
    (1..5).asFlow().collect { value -> 
        if (value == 3) cancel()  
        println(value)
    } 
}
//sampleEnd



可以在这里获取完整的代码。
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收集从 1 到 5 的所有数字，并且仅在从 runBlocking 返回之前检测到取消：

1
2
3
4
5
Exception in thread "main" kotlinx.coroutines.JobCancellationException: BlockingCoroutine was cancelled; job="coroutine#1":BlockingCoroutine{Cancelled}@3327bd23



让繁忙的流可取消

在协程处于繁忙循环的情况下，必须明确检测是否取消。
可以添加 .onEach { currentCoroutineContext().ensureActive() }，
但是这里提供了一个现成的 cancellable 操作符来执行此操作：

import kotlinx.coroutines.*
import kotlinx.coroutines.flow.*

//sampleStart           
fun main() = runBlocking<Unit> {
    (1..5).asFlow().cancellable().collect { value -> 
        if (value == 3) cancel()  
        println(value)
    } 
}
//sampleEnd



可以在这里获取完整的代码。
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使用 cancellable 操作符，仅收集从 1 到 3 的数字：

1
2
3
Exception in thread "main" kotlinx.coroutines.JobCancellationException: BlockingCoroutine was cancelled; job="coroutine#1":BlockingCoroutine{Cancelled}@5ec0a365



流（Flow）与响应式流（Reactive Streams）

对于熟悉响应式流（Reactive Streams）或诸如 RxJava 与 Project Reactor 这样的响应式框架的人来说，
Flow 的设计也许看起来会非常熟悉。

确实，其设计灵感来源于响应式流以及其各种实现。但是 Flow 的主要目标是拥有尽可能简单的设计，
对 Kotlin 以及挂起友好且遵从结构化并发。没有响应式的先驱及他们大量的工作，就不可能实现这一目标。你可以阅读 Reactive Streams and Kotlin Flows 这篇文章来了解完成 Flow 的故事。

虽然有所不同，但从概念上讲，Flow 依然是响应式流，并且可以将它转换为响应式（规范及符合 TCK）的发布者（Publisher），反之亦然。
这些开箱即用的转换器可以在 kotlinx.coroutines 提供的相关响应式模块（kotlinx-coroutines-reactive 用于 Reactive Streams，kotlinx-coroutines-reactor 用于 Project Reactor，以及 kotlinx-coroutines-rx2/kotlinx-coroutines-rx3 用于 RxJava2/RxJava3）中找到。
集成模块包含 Flow 与其他实现之间的转换，与 Reactor 的 Context 集成以及与一系列响应式实体配合使用的挂起友好的使用方式。
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            Lincheck 指南

Lincheck is a practical and user-friendly framework for testing concurrent algorithms on the JVM. It provides a simple
and declarative way to write concurrent tests.

With the Lincheck framework, instead of describing how to perform tests, you can specify what to test 
by declaring all the operations to examine and the required correctness property. As a result, a typical
concurrent Lincheck test contains only about 15 lines.

When given a list of operations, Lincheck automatically:


	Generates a set of random concurrent scenarios.

	Examines them using either stress-testing or bounded model checking.

	Verifies that the results of each invocation satisfy the required correctness property (linearizability is the default
one).



Add Lincheck to your project

To enable the Lincheck support, include the corresponding repository and dependency to the Gradle configuration. In your
build.gradle(.kts) file, add the following:




【Kotlin】



repositories {
    mavenCentral()
}

dependencies {
    testImplementation("org.jetbrains.kotlinx:lincheck:2.39")
}





【Groovy】



repositories {
    mavenCentral()
}

dependencies {
    testImplementation "org.jetbrains.kotlinx:lincheck:2.39"
}




Explore Lincheck

This guide will help you get in touch with the framework and try the most useful features with examples. Learn the
Lincheck features step-by-step:


	Write your first test with Lincheck

	Choose your testing strategy

	Configure operation arguments

	Consider popular algorithm constraints

	Check the algorithm for non-blocking progress guarantees

	Define sequential specification of the algorithm



Additional references


	"How we test concurrent algorithms in Kotlin Coroutines" by Nikita Koval: Video. KotlinConf 2023

	"Lincheck: Testing concurrency on the JVM" workshop by Maria Sokolova: Part 1, Part 2. Hydra 2021
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            用 Lincheck 编写第一个测试

This tutorial demonstrates how to write your first Lincheck test, set up the Lincheck framework, and use its basic API. 
You will create a new IntelliJ IDEA project with an incorrect concurrent counter implementation and write a test for it,
finding and analyzing the bug afterward.

Create a project

Open an existing Kotlin project in IntelliJ IDEA or create a new one.
When creating a project, use the Gradle build system.

Add required dependencies


	Open the build.gradle(.kts) file and make sure that mavenCentral() is added to the repository list.

	Add the following dependencies to the Gradle configuration:






【Kotlin】



   repositories {
       mavenCentral()
   }

   dependencies {
       // Lincheck dependency
       testImplementation("org.jetbrains.kotlinx:lincheck:2.39")
       // This dependency allows you to work with kotlin.test and JUnit:
       testImplementation("junit:junit:4.13")
   }





【Groovy】



   repositories {
       mavenCentral()
   }

   dependencies {
       // Lincheck dependency
       testImplementation "org.jetbrains.kotlinx:lincheck:2.39"
       // This dependency allows you to work with kotlin.test and JUnit:
       testImplementation "junit:junit:4.13"
   }




Write a concurrent counter and run the test


	In the src/test/kotlin directory, create a BasicCounterTest.kt file and
add the following code with a buggy concurrent counter and a Lincheck test for it:

import org.jetbrains.kotlinx.lincheck.annotations.*
import org.jetbrains.kotlinx.lincheck.*
import org.jetbrains.kotlinx.lincheck.strategy.stress.*
import org.junit.*

class Counter {
    @Volatile
    private var value = 0

    fun inc(): Int = ++value
    fun get() = value
}

class BasicCounterTest {
    private val c = Counter() // Initial state

    // Operations on the Counter
    @Operation
    fun inc() = c.inc()

    @Operation
    fun get() = c.get()

    @Test // JUnit
    fun stressTest() = StressOptions().check(this::class) // The magic button
}


This Lincheck test automatically: 


	Generates several random concurrent scenarios with the specified inc() and get() operations.

	Performs a lot of invocations for each of the generated scenarios.

	Verifies that each invocation result is correct.





	Run the test above, and you will see the following error:

= Invalid execution results =
| ------------------- |
| Thread 1 | Thread 2 |
| ------------------- |
| inc(): 1 | inc(): 1 |
| ------------------- |


Here, Lincheck found an execution that violates the counter atomicity – two concurrent increments ended
with the same result 1. It means that one increment has been lost, and the behavior of the counter is incorrect.





Trace the invalid execution

Besides showing invalid execution results, Lincheck can also provide an interleaving that leads to the error. This
feature is accessible with the model checking testing strategy,
which examines numerous executions with a bounded number of context switches.


	To switch the testing strategy, replace the options type from StressOptions() to ModelCheckingOptions().
The updated BasicCounterTest class will look like this:

import org.jetbrains.kotlinx.lincheck.annotations.*
import org.jetbrains.kotlinx.lincheck.check
import org.jetbrains.kotlinx.lincheck.strategy.managed.modelchecking.*
import org.junit.*

class Counter {
    @Volatile
    private var value = 0

    fun inc(): Int = ++value
    fun get() = value
}

class BasicCounterTest {
    private val c = Counter()

    @Operation
    fun inc() = c.inc()

    @Operation
    fun get() = c.get()

    @Test
    fun modelCheckingTest() = ModelCheckingOptions().check(this::class)
}




	Run the test again. You will get the execution trace that leads to incorrect results:

= Invalid execution results =
| ------------------- |
| Thread 1 | Thread 2 |
| ------------------- |
| inc(): 1 | inc(): 1 |
| ------------------- |

The following interleaving leads to the error:
| --------------------------------------------------------------------- |
| Thread 1 |                          Thread  2                         |
| --------------------------------------------------------------------- |
|          | inc()                                                      |
|          |   inc(): 1 at BasicCounterTest.inc(BasicCounterTest.kt:18) |
|          |     value.READ: 0 at Counter.inc(BasicCounterTest.kt:10)   |
|          |     switch                                                 |
| inc(): 1 |                                                            |
|          |     value.WRITE(1) at Counter.inc(BasicCounterTest.kt:10)  |
|          |     value.READ: 1 at Counter.inc(BasicCounterTest.kt:10)   |
|          |   result: 1                                                |
| --------------------------------------------------------------------- |


According to the trace, the following events have occurred:


	T2: The second thread starts the inc() operation, reading the current counter value (value.READ: 0) and pausing.

	T1: The first thread executes inc(), which returns 1, and finishes.

	T2: The second thread resumes and increments the previously obtained counter value, incorrectly updating the
counter to 1.








Get the full code.
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Test the Java standard library

Let's now find a bug in the standard Java's ConcurrentLinkedDeque class. 
The Lincheck test below finds a race between removing and adding an element to the head of the deque:

import org.jetbrains.kotlinx.lincheck.*
import org.jetbrains.kotlinx.lincheck.annotations.*
import org.jetbrains.kotlinx.lincheck.strategy.managed.modelchecking.*
import org.junit.*
import java.util.concurrent.*

class ConcurrentDequeTest {
    private val deque = ConcurrentLinkedDeque<Int>()

    @Operation
    fun addFirst(e: Int) = deque.addFirst(e)

    @Operation
    fun addLast(e: Int) = deque.addLast(e)

    @Operation
    fun pollFirst() = deque.pollFirst()

    @Operation
    fun pollLast() = deque.pollLast()

    @Operation
    fun peekFirst() = deque.peekFirst()

    @Operation
    fun peekLast() = deque.peekLast()

    @Test
    fun modelCheckingTest() = ModelCheckingOptions().check(this::class)
}


Run modelCheckingTest(). The test will fail with the following output:

= Invalid execution results =
| ---------------------------------------- |
|      Thread 1     |       Thread 2       |
| ---------------------------------------- |
| addLast(22): void |                      |
| ---------------------------------------- |
| pollFirst(): 22   | addFirst(8): void    |
|                   | peekLast(): 22 [-,1] |
| ---------------------------------------- |

---
All operations above the horizontal line | ----- | happen before those below the line
---
Values in "[..]" brackets indicate the number of completed operations
in each of the parallel threads seen at the beginning of the current operation
---

The following interleaving leads to the error:
| --------------------------------------------------------------------------------------------------------------------------------- |
|                                                Thread 1                                                    |       Thread 2       |
| --------------------------------------------------------------------------------------------------------------------------------- |
| pollFirst()                                                                                                |                      |
|   pollFirst(): 22 at ConcurrentDequeTest.pollFirst(ConcurrentDequeTest.kt:17)                              |                      |
|     first(): Node@1 at ConcurrentLinkedDeque.pollFirst(ConcurrentLinkedDeque.java:915)                     |                      |
|     item.READ: null at ConcurrentLinkedDeque.pollFirst(ConcurrentLinkedDeque.java:917)                     |                      |
|     next.READ: Node@2 at ConcurrentLinkedDeque.pollFirst(ConcurrentLinkedDeque.java:925)                   |                      |
|     item.READ: 22 at ConcurrentLinkedDeque.pollFirst(ConcurrentLinkedDeque.java:917)                       |                      |
|     prev.READ: null at ConcurrentLinkedDeque.pollFirst(ConcurrentLinkedDeque.java:919)                     |                      |
|     switch                                                                                                 |                      |
|                                                                                                            | addFirst(8): void    |
|                                                                                                            | peekLast(): 22       |
|     compareAndSet(Node@2,22,null): true at ConcurrentLinkedDeque.pollFirst(ConcurrentLinkedDeque.java:920) |                      |
|     unlink(Node@2) at ConcurrentLinkedDeque.pollFirst(ConcurrentLinkedDeque.java:921)                      |                      |
|   result: 22                                                                                               |                      |
| --------------------------------------------------------------------------------------------------------------------------------- |



Get the full code.
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Next step

Choose your testing strategy and configure test execution.

See also


	How to generate operation arguments

	Popular algorithm constraints

	Checking for non-blocking progress guarantees

	Define sequential specification of the algorithm




        

    



        
    



        

    
        日期与时间（kotlinx-datetime）↗︎

        
            日期与时间（kotlinx-datetime）

🔗日期与时间（kotlinx-datetime）
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            JVM 元数据（kotlinx-metadata-jvm）

🔗JVM 元数据（kotlinx-metadata-jvm）
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            Gradle 最佳实践

Gradle is a build system used by many Kotlin projects to automate
and manage the build process.

Getting the best out of Gradle is essential to help you spend less time managing and waiting for builds, and more time 
coding. Here we provide a set of best practices split into two key areas: organizing and optimizing your projects.

Organize

This section focuses on structuring your Gradle projects to improve clarity, maintainability, and scalability.

Use Kotlin DSL

Use Kotlin DSL instead of the traditional Groovy DSL. You avoid learning another language and gain the benefits of strict
typing. Strict typing lets IDEs provide better support for refactoring and auto-completion, making development more efficient.

Find more information in Gradle’s Kotlin DSL primer.

Read Gradle's blog about Kotlin DSL becoming
the default for Gradle builds.

Use a version catalog

Use a version catalog in a libs.versions.toml file to centralize dependency management. This enables you to define and 
reuse versions, libraries, and plugins consistently across projects.

[versions]
kotlinxCoroutines = "1.10.2"

[libraries]
kotlinxCoroutines = { module = "org.jetbrains.kotlinx:kotlinx-coroutines-core", version.ref = "kotlinxCoroutines" }


With the following dependency added to your build.gradle.kts file:

dependencies {
    implementation(libs.kotlinxCoroutines)
}


Learn more in Gradle's documentation about Dependency management basics.

Use convention plugins



Use convention plugins to encapsulate and reuse common build logic across multiple build files. Moving a shared configuration
into a plugin helps simplify and modularize your build scripts.

Although the initial setup may be time-consuming, it's easy to maintain and add new build logic once you complete it.

Learn more in Gradle's documentation about Convention plugins.

Optimize

This section provides strategies to enhance the performance and efficiency of your Gradle builds.

Use local build cache

Use a local build cache to save time by reusing outputs produced by other builds. The build cache can retrieve outputs from 
any earlier build that you have already created.

Learn more in Gradle's documentation about their Build cache.

Use configuration cache


The configuration cache doesn't support all core Gradle plugins yet. For the latest information, see Gradle's
table of supported plugins.
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Use the configuration cache to significantly improve build performance by caching the result of the configuration phase
and reusing it for subsequent builds. If Gradle detects no changes in the build configuration or related
dependencies, it skips the configuration phase.

Learn more in Gradle's documentation about their Configuration cache.

Improve build times for multiple targets

When your multiplatform project includes multiple targets, tasks like build and assemble can compile the same code 
multiple times for each target, leading to longer compilation times.

If you're actively developing and testing a specific platform, run the corresponding linkDebug* task instead.

For more information, see Tips for improving compilation time.

Migrate from kapt to KSP

If you're using a library that relies on the kapt compiler plugin, check whether you can switch to using the Kotlin Symbol Processing (KSP) API
instead. The KSP API improves build performance by reducing annotation processing time. KSP is faster and more efficient
than kapt, as it processes source code directly without generating intermediary Java stubs.

For guidance on the migration steps, see Google's migration guide.

To learn more about how KSP compares to kapt, check out why KSP.

Use modularization




Modularization only benefits projects of moderate to large size. It doesn't provide advantages for projects based
on a microservices architecture.
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Use a modularized project structure to increase build speed and enable easier parallel development. Structure your
project into one root project and one or more subprojects. If changes only affect one of the subprojects, Gradle
rebuilds only that specific subproject.

.
└── root-project/
    ├── settings.gradle.kts
    ├── app subproject/
    │   └── build.gradle.kts
    └── lib subproject/
        └── build.gradle.kts

Learn more in Gradle's documentation about Structuring projects with Gradle.

Set up CI/CD



Set up a CI/CD process to significantly reduce build time by using incremental builds and caching dependencies. Add 
persistent storage or use a remote build cache to see these benefits. This process doesn't have to be time-consuming, 
as some providers, like GitHub, offer this service almost out of the box.

Explore Gradle's community cookbook on Using Gradle with Continuous Integration systems.

Use remote build cache



Like the local build cache, the remote build cache helps you save time by reusing outputs
from other builds. It can retrieve task outputs from any earlier build that anyone has already run, not just the last one.

The remote build cache uses a cache server to share task outputs across builds. For example, in a development environment
with a CI/CD server, all builds on the server populate the remote cache. When you check out the main branch to 
start a new feature, you can immediately access incremental builds.

Keep in mind that a slow internet connection might make transferring cached results slower than running tasks locally.

Learn more in Gradle's documentation about their Build cache.
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            Kotlin Gradle 插件中的编译器选项

每个 Kotlin 的发行版本都包含对于以下目标代码的编译器：
JVM、JavaScript，以及支持平台的本地二进制文件。

这些编译器会在这些步骤中被调用：


	IDE，当你在你的 Kotlin 项目上点击编译或运行按钮时。

	Gradle，当你在控制台或者 IDE 上调用 gradle build 命令时。

	Maven，当你在控制台或者 IDE 上调用 mvn compile 或者 mvn test-compile命令时。



你也可以用命令行手动调用 Kotlin 编译器，
详见使用命令行编译器教程。

配置选项

Kotlin 编译器有一系列用于控制编译过程的参数。

The Gradle DSL allows comprehensive 
configuration of compiler options. It is available for Kotlin Multiplatform and JVM/Android projects.

With the Gradle DSL, you can configure compiler options within the build script at three levels: 


	Extension level, in the kotlin {} block for all targets and shared source sets.

	Target level, in the block for a specific target.

	Compilation unit level, usually in a specific compilation task.

























The settings at a higher level are used as a convention (default) for a lower level:


	Compiler options set at the extension level are the default for target-level options, including shared source sets 
like commonMain, nativeMain, and commonTest.

	Compiler options set at the target level are the default for options at the compilation unit (task) level, 
like compileKotlinJvm and compileTestKotlinJvm tasks.



In turn, configurations made at a lower level override related settings at a higher level:


	Task-level compiler options override related configurations at the target or the extension level.

	Target-level compiler options override related configurations at the extension level.



To find out which level of compiler arguments is applied to the compilation, use the DEBUG level of Gradle logging.
For JVM and JS/WASM tasks, search for the "Kotlin compiler args:" string within the logs; for Native tasks,
search for the "Arguments =" string.


If you're a third-party plugin author, it's best to apply your configuration on the project level to avoid
overriding issues. You can use the new Kotlin plugin DSL extension types for this. It's recommended that you document this
configuration on your side explicitly.
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Extension level

You can configure common compiler options for all the targets and shared source sets
in the compilerOptions {} block at the top level:

kotlin {
    compilerOptions {
        optIn.add("kotlin.RequiresOptIn")
    }
}


Target level

You can configure compiler options for the JVM/Android target
in the compilerOptions {} block inside the target {} block:

kotlin {
    target { 
        compilerOptions {
            optIn.add("kotlin.RequiresOptIn")
        }
    }
}


In Kotlin Multiplatform projects, you can configure compiler options inside the
specific target. For example, jvm { compilerOptions {}}. For more information, see Multiplatform Gradle DSL reference.

Compilation unit level

You can configure compiler options for a specific compilation unit or task in a compilerOptions {} 
block inside the task configuration:

tasks.named<KotlinJvmCompile>("compileKotlin"){
    compilerOptions {
        optIn.add("kotlin.RequiresOptIn")
    }
}


You can also access and configure compiler options at a compilation unit level via KotlinCompilation:

kotlin {
    target {
        val main by compilations.getting {
            compileTaskProvider.configure {
                compilerOptions {

                }
            }
        }
    }
}


If you want to configure a plugin of a target different from JVM/Android and Kotlin Multiplatform,
use the compilerOptions {} property of the corresponding Kotlin compilation task. The following examples
show how to set this configuration up in both Kotlin and Groovy DSLs:




【Kotlin】



tasks.named("compileKotlin", org.jetbrains.kotlin.gradle.tasks.KotlinCompilationTask::class.java) {
    compilerOptions {
        apiVersion.set(org.jetbrains.kotlin.gradle.dsl.KotlinVersion.KOTLIN_2_0)
    }
}





【Groovy】



tasks.named('compileKotlin', org.jetbrains.kotlin.gradle.tasks.KotlinCompilationTask.class) {
    compilerOptions {
        apiVersion.set(org.jetbrains.kotlin.gradle.dsl.KotlinVersion.KOTLIN_2_0)
    }
}




面向 JVM

As explained before, you can define compiler options for your JVM/Android projects at the extension, target, and compilation unit levels (tasks).

Default JVM 环境下的编译任务，对于生产代码叫做 compileKotlin，而对于测试代码则叫做 compileTestKotlin。对于自定义源代码集（source set），这些任务命名遵循 compile＜Name＞Kotlin 模式。

You can see the list of Android compilation tasks by running the gradlew tasks --all command in the terminal
and searching for compile*Kotlin task names in the Other tasks group.

有几点是需要注意的：


	android.kotlinOptions 和 kotlin.compilerOptions 这两个配置会相互覆写。只有最新（即最下面）的一个会生效。

	kotlin.compilerOptions 会影响项目中所有 Kotlin 编译任务的配置。

	对于那些应用到 kotlin.compilerOptions 的任务，你可以通过 tasks.named<KotlinJvmCompile>("compileKotlin") { }（或者 tasks.withType<KotlinJvmCompile>().configureEach { }）来覆写配置。



面向 JavaScript

JavaScript 的编译任务，对于生产代码叫做 compileKotlinJs，对于测试代码叫做 compileTestKotlinJs。 对于自定义源代码集（source set），这些任务命名遵循 compile＜Name＞KotlinJs 模式。

要配置单个任务，请使用其名称：




【Kotlin】



import org.jetbrains.kotlin.gradle.tasks.KotlinCompilationTask
// ……

val compileKotlin: KotlinCompilationTask<*> by tasks

compileKotlin.compilerOptions.suppressWarnings.set(true)





【Groovy】



import org.jetbrains.kotlin.gradle.tasks.KotlinCompilationTask
// ……

tasks.named('compileKotlin', KotlinCompilationTask) {
    compilerOptions {
        suppressWarnings = true
    }
}




请注意，对于 Gradle Kotlin DSL，首先从项目的 tasks 中获取任务。

相应地，为 JS 与公共目标使用类型 Kotlin2JsCompile 与 KotlinCompileCommon。

You can see the list of JavaScript compilation tasks by running the gradlew tasks --all command in the terminal
and searching for compile*KotlinJS task names in the Other tasks group.

All Kotlin compilation tasks

你也可以在项目中对所有的 Kotlin 编译任务进行配置：




【Kotlin】



import org.jetbrains.kotlin.gradle.tasks.KotlinCompilationTask
// ……

tasks.named<KotlinCompilationTask<*>>("compileKotlin").configure {
    compilerOptions { /*……*/ }
}





【Groovy】



import org.jetbrains.kotlin.gradle.tasks.KotlinCompilationTask
// ...

tasks.named('compileKotlin', KotlinCompilationTask) {
    compilerOptions { /*……*/ }
}




所有编译器选项

这里列出了 Gradle 编译器的完整选项列表：

常规属性




	名称
	描述
	可能的值
	默认值





	optIn
	用于配置选择加入的编译器参数的列表
	listOf( /* opt-ins */ )
	emptyList()



	progressiveMode
	启用渐进式编译器模式
	true, false
	false



	extraWarnings
	Enables additional declaration, expression, and type compiler checks that emit warnings if true
	true, false
	false





JVM 特有的属性




	名称
	描述
	可能的值
	默认值





	javaParameters
	为方法参数生成 Java 1.8 反射的元数据
	
	false



	jvmTarget
	生成的 JVM 字节码的目标版本
	"1.8"、 "9"、 "10"、 ……、 "22"、 "23"。另见编译器选项的类型
	"1.8"



	noJdk
	不要自动在类路径中包含 Java 运行时
	
	false



	jvmTargetValidationMode
		验证 Kotlin 和 Java 之间 [JVM 目标的兼容性](gradle-configure-project.md#check-for-jvm-target-compatibility-of-related-compile-tasks)
	该编译器选项属于 `KotlinCompile` 任务


	WARNING, ERROR, IGNORE
	ERROR





JVM 与 JavaScript 的公共属性




	名称
	描述
	可能的值
	默认值





	allWarningsAsErrors
	任何警告都报告为错误
	
	false



	suppressWarnings
	不生成警告
	
	false



	verbose
	启用详细日志输出。仅在已启用 Gradle debug 日志时才有效
	
	false



	freeCompilerArgs
	附加编译器参数的列表。你也可以在这里使用实验性的-X参数。见例。
	
	[]
	
	apiVersion
	Restrict the use of declarations to those from the specified version of bundled libraries
	"1.8", "1.9", "2.0", "2.1", "2.2" (EXPERIMENTAL)
	



	apiVersion
	Restrict the use of declarations to those from the specified version of bundled libraries
	"1.8", "1.9", "2.0", "2.1", "2.2" (EXPERIMENTAL)
	



	languageVersion
	Provide source compatibility with the specified version of Kotlin
	"1.8", "1.9", "2.0", "2.1", "2.2" (EXPERIMENTAL)






我们计划在今后的发行版本中将freeCompilerArgs选项弃用。如果你因此无法在 Kotlin Gradle DSL 中配置某些选项
请提出一个 Issue。
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通过 freeCompilerArgs 选项配置额外的参数的示例

通过使用 freeCompilerArgs 属性来应用包括实验性参数在内的额外编译器参数。
可以在这个属性中加入一个单独的编译器参数或者一个编译器参数的列表。




【Kotlin】



import org.jetbrains.kotlin.gradle.tasks.KotlinCompilationTask
// ...

kotlin {
    compilerOptions {
        // Specifies the version of the Kotlin API and the JVM target
        apiVersion.set(KotlinVersion.KOTLIN_2_1)
        jvmTarget.set(JvmTarget.JVM_1_8)

        // 单个实验性参数
        freeCompilerArgs.add("-Xexport-kdoc")

        // 单个附加参数
        freeCompilerArgs.add("-Xno-param-assertions")

        // 参数列表
        freeCompilerArgs.addAll(
            listOf(
                "-Xno-receiver-assertions",
                "-Xno-call-assertions"
            )
        ) 
    }
}





【Groovy】



import org.jetbrains.kotlin.gradle.tasks.KotlinCompilationTask
// ...

tasks.named('compileKotlin', KotlinCompilationTask) {
    compilerOptions {
        // Specifies the version of the Kotlin API and the JVM target
        apiVersion = KotlinVersion.KOTLIN_2_1
        jvmTarget = JvmTarget.JVM_1_8

        // 单个实验性参数
        freeCompilerArgs.add("-Xexport-kdoc")

        // 单个附加参数，可以是键值对
        freeCompilerArgs.add("-Xno-param-assertions")

        // 参数列表
        freeCompilerArgs.addAll(["-Xno-receiver-assertions", "-Xno-call-assertions"])
    }
}





The freeCompilerArgs attribute is available at the extension, target, and compilation unit (task) levels.
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设置 languageVersion 的示例

要设置语言的版本，请使用如下格式的语法：




【Kotlin】



kotlin {
    compilerOptions {
        languageVersion.set(org.jetbrains.kotlin.gradle.dsl.KotlinVersion.KOTLIN_2_1)
    }
}





【Groovy】



tasks
    .withType(org.jetbrains.kotlin.gradle.tasks.KotlinCompilationTask.class)
    .configureEach {
        compilerOptions.languageVersion =
            org.jetbrains.kotlin.gradle.dsl.KotlinVersion.KOTLIN_2_1
    }




另见编译器选项的类型。

JavaScript 特有的属性




	名称
	描述
	可能的值
	默认值





	friendModulesDisabled
	禁用内部声明导出
	
	false



	main
	指定是否在执行时调用 main 函数
	JsMainFunctionExecutionMode.CALL, JsMainFunctionExecutionMode.NO_CALL
	JsMainFunctionExecutionMode.CALL



	moduleKind
	编译器生成的 JS 模块类型
	JsModuleKind.MODULE_AMD, JsModuleKind.MODULE_PLAIN, JsModuleKind.MODULE_ES, JsModuleKind.MODULE_COMMONJS, JsModuleKind.MODULE_UMD
	null



	sourceMap
	生成源代码映射（source map）
	
	false



	sourceMapEmbedSources
	将源代码嵌入到源代码映射中
	JsSourceMapEmbedMode.SOURCE_MAP_SOURCE_CONTENT_INLINING, JsSourceMapEmbedMode.SOURCE_MAP_SOURCE_CONTENT_NEVER, JsSourceMapEmbedMode.SOURCE_MAP_SOURCE_CONTENT_ALWAYS
	null



	sourceMapNamesPolicy
	将 Kotlin 代码中声明的变量和函数添加到源代码映射中。详见编译器引用。
	JsSourceMapNamesPolicy.SOURCE_MAP_NAMES_POLICY_FQ_NAMES, JsSourceMapNamesPolicy.SOURCE_MAP_NAMES_POLICY_SIMPLE_NAMES, JsSourceMapNamesPolicy.SOURCE_MAP_NAMES_POLICY_NO
	null



	sourceMapPrefix
	将指定前缀添加到源代码映射中的路径
	
	null



	target
	生成指定 ECMA 版本的 JS 文件
	"es5", "es2015"
	"es5"



	useEsClasses
	Let generated JavaScript code use ES2015 classes. Enabled by default in case of ES2015 target usage
	
	null





编译器选项的类型

一些 compilerOptions 使用独有的类型来替代字符串类型




	选项
	类型
	例子





	jvmTarget
	JvmTarget
	compilerOptions.jvmTarget.set(JvmTarget.JVM_11)



	apiVersion and languageVersion
	KotlinVersion
	compilerOptions.languageVersion.set(KotlinVersion.KOTLIN_2_1)



	main
	JsMainFunctionExecutionMode
	compilerOptions.main.set(JsMainFunctionExecutionMode.NO_CALL)



	moduleKind
	JsModuleKind
	compilerOptions.moduleKind.set(JsModuleKind.MODULE_ES)



	sourceMapEmbedSources
	JsSourceMapEmbedMode
	compilerOptions.sourceMapEmbedSources.set(JsSourceMapEmbedMode.SOURCE_MAP_SOURCE_CONTENT_INLINING)



	sourceMapNamesPolicy
	JsSourceMapNamesPolicy
	compilerOptions.sourceMapNamesPolicy.set(JsSourceMapNamesPolicy.SOURCE_MAP_NAMES_POLICY_FQ_NAMES)





下一步做什么？

了解更多关于：


	Kotlin Multiplatform DSL reference.

	增量编译、缓存支持、构建日志以及 Kotlin 守护进程。

	Gradle 的基础知识和特性。

	对 Gradle 插件变体的支持。




        

    



        
    



        

    
        HTML

        
            HTML

HTML is Dokka's default and recommended output format. It is currently in Beta and approaching the Stable release.

You can see an example of the output by browsing documentation
for kotlinx.coroutines.

Generate HTML documentation

HTML as an output format is supported by all runners. To generate HTML documentation, follow these steps depending on 
your build tool or runner:


	For Gradle, run dokkaHtml or dokkaHtmlMultiModule tasks.

	For Maven, run the dokka:dokka goal.

	For CLI runner, run with HTML dependencies set.




HTML pages generated by this format need to be hosted on a web server in order to render everything correctly.

You can use any free static site hosting service, such as
GitHub Pages.

Locally, you can use the built-in IntelliJ web server.
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Configuration

HTML format is Dokka's base format, so it is configurable through DokkaBase and DokkaBaseConfiguration
classes:




【Kotlin】



Via type-safe Kotlin DSL:

import org.jetbrains.dokka.base.DokkaBase
import org.jetbrains.dokka.gradle.DokkaTask
import org.jetbrains.dokka.base.DokkaBaseConfiguration

buildscript {
    dependencies {
        classpath("org.jetbrains.dokka:dokka-base:2.0.0")
    }
}

tasks.withType<DokkaTask>().configureEach {
    pluginConfiguration<DokkaBase, DokkaBaseConfiguration> {
        customAssets = listOf(file("my-image.png"))
        customStyleSheets = listOf(file("my-styles.css"))
        footerMessage = "(c) 2022 MyOrg"
        separateInheritedMembers = false
        templatesDir = file("dokka/templates")
        mergeImplicitExpectActualDeclarations = false
    }
}


Via JSON:

import org.jetbrains.dokka.gradle.DokkaTask

tasks.withType<DokkaTask>().configureEach {
    val dokkaBaseConfiguration = """
    {
      "customAssets": ["${file("assets/my-image.png")}"],
      "customStyleSheets": ["${file("assets/my-styles.css")}"],
      "footerMessage": "(c) 2022 MyOrg",
      "separateInheritedMembers": false,
      "templatesDir": "${file("dokka/templates")}",
      "mergeImplicitExpectActualDeclarations": false
    }
    """
    pluginsMapConfiguration.set(
        mapOf(
            // fully qualified plugin name to json configuration
            "org.jetbrains.dokka.base.DokkaBase" to dokkaBaseConfiguration
        )
    )
}





【Groovy】



import org.jetbrains.dokka.gradle.DokkaTask

tasks.withType(DokkaTask.class) {
    String dokkaBaseConfiguration = """
    {
      "customAssets": ["${file("assets/my-image.png")}"],
      "customStyleSheets": ["${file("assets/my-styles.css")}"],
      "footerMessage": "(c) 2022 MyOrg"
      "separateInheritedMembers": false,
      "templatesDir": "${file("dokka/templates")}",
      "mergeImplicitExpectActualDeclarations": false
    }
    """
    pluginsMapConfiguration.set(
            // fully qualified plugin name to json configuration
            ["org.jetbrains.dokka.base.DokkaBase": dokkaBaseConfiguration]
    )
}





【Maven】



<plugin>
    <groupId>org.jetbrains.dokka</groupId>
    <artifactId>dokka-maven-plugin</artifactId>
    ...
    <configuration>
        <pluginsConfiguration>
            <!-- Fully qualified plugin name -->
            <org.jetbrains.dokka.base.DokkaBase>
                <!-- Options by name -->
                <customAssets>
                    <asset>${project.basedir}/my-image.png</asset>
                </customAssets>
                <customStyleSheets>
                    <stylesheet>${project.basedir}/my-styles.css</stylesheet>
                </customStyleSheets>
                <footerMessage>(c) MyOrg 2022 Maven</footerMessage>
                <separateInheritedMembers>false</separateInheritedMembers>
                <templatesDir>${project.basedir}/dokka/templates</templatesDir>
                <mergeImplicitExpectActualDeclarations>false</mergeImplicitExpectActualDeclarations>
            </org.jetbrains.dokka.base.DokkaBase>
        </pluginsConfiguration>
    </configuration>
</plugin>





【CLI】



Via command line options:

java -jar dokka-cli-2.0.0.jar \
     ...
     -pluginsConfiguration "org.jetbrains.dokka.base.DokkaBase={\"customAssets\": [\"my-image.png\"], \"customStyleSheets\": [\"my-styles.css\"], \"footerMessage\": \"(c) 2022 MyOrg\", \"separateInheritedMembers\": false, \"templatesDir\": \"dokka/templates\", \"mergeImplicitExpectActualDeclarations\": false}
"


Via JSON configuration:

{
  "moduleName": "Dokka Example",
  "pluginsConfiguration": [
    {
      "fqPluginName": "org.jetbrains.dokka.base.DokkaBase",
      "serializationFormat": "JSON",
      "values": "{\"customAssets\": [\"my-image.png\"], \"customStyleSheets\": [\"my-styles.css\"], \"footerMessage\": \"(c) 2022 MyOrg\", \"separateInheritedMembers\": false, \"templatesDir\": \"dokka/templates\", \"mergeImplicitExpectActualDeclarations\": false}"
    }
  ]
}




Configuration options

The table below contains all of the possible configuration options and their purpose.




	Option
	Description





	customAssets
	List of paths for image assets to be bundled with documentation. The image assets can have any file extension. For more information, see Customizing assets.



	customStyleSheets
	List of paths for .css stylesheets to be bundled with documentation and used for rendering. For more information, see Customizing styles.



	templatesDir
	Path to the directory containing custom HTML templates. For more information, see Templates.



	footerMessage
	The text displayed in the footer.



	separateInheritedMembers
	This is a boolean option. If set to true, Dokka renders properties/functions and inherited properties/inherited functions separately. This is disabled by default.



	mergeImplicitExpectActualDeclarations
	This is a boolean option. If set to true, Dokka merges declarations that are not declared as expect/actual, but have the same fully qualified name. This can be useful for legacy codebases. This is disabled by default.





For more information about configuring Dokka plugins, see Configuring Dokka plugins.

Customization

To help you add your own look and feel to your documentation, the HTML format supports a number of customization options.

Customize styles

You can use your own stylesheets by using the customStyleSheets
configuration option. These are applied to every page.

It's also possible to override Dokka's default stylesheets by providing files with the same name:




	Stylesheet name
	Description





	style.css
	Main stylesheet, contains most of the styles used across all pages



	logo-styles.css
	Header logo styling



	prism.css
	Styles for PrismJS syntax highlighter





The source code for all of Dokka's stylesheets is
available on GitHub.

Customize assets

You can provide your own images to be bundled with documentation by using the customAssets
configuration option. 

These files are copied to the <output>/images directory.

It's possible to override Dokka's images and icons by providing files with the same name. The most
useful and relevant one being logo-icon.svg, which is the image that's used in the header. The rest is mostly icons.

You can find all images used by Dokka on 
GitHub.

Change the logo

To customize the logo, you can begin by providing your own asset for logo-icon.svg.

If you don't like how it looks, or you want to use a .png file instead of the default .svg file,
you can override the logo-styles.css stylesheet to customize it.

For an example of how to do this, see our
custom format example project.

Modify the footer

You can modify text in the footer by using the footerMessage configuration option.

Templates

Dokka provides the ability to modify FreeMarker templates used for generating 
documentation pages.

You can change the header completely, add your own banners/menus/search, load analytics, change body styling and so on.

Dokka uses the following templates:




	Template
	Description





	base.ftl
	Defines the general design of all pages to be rendered.



	includes/header.ftl
	The page header that by default contains the logo, version, source set selector, light/dark theme switch, and search.



	includes/footer.ftl
	The page footer that contains the footerMessage configuration option and copyright.



	includes/page_metadata.ftl
	Metadata used within <head> container.



	includes/source_set_selector.ftl
	The source set selector in the header.





The base template is base.ftl and it includes all of the remaining listed templates. You can find the source code for all of Dokka's templates
on GitHub.

You can override any template by using the templatesDir configuration option. Dokka searches
for the exact template names within the given directory. If it fails to find user-defined templates, it uses the
default templates.

Variables

The following variables are available inside all templates:




	Variable
	Description





	${pageName}
	The page name



	${footerMessage}
	The text which is set by the footerMessage configuration option



	${sourceSets}
	A nullable list of source sets for multi-platform pages. Each item has name, platform, and filter properties.



	${projectName}
	The project name. It's available only within the template_cmd directive.



	${pathToRoot}
	The path to root from the current page. It's useful for locating assets and is available only within the template_cmd directive.





Variables projectName and pathToRoot are available only within the template_cmd directive as they require more
context and thus they need to be resolved at later stages by the MultiModule task:

<@template_cmd name="projectName">
   <span>${projectName}</span>
</@template_cmd>


Directives

You can also use the following Dokka-defined directives:




	Variable
	Description





	<@content/>
	The main page content.



	<@resources/>
	Resources such as scripts and stylesheets.



	<@version/>
	The module version taken from configuration. If the versioning plugin is applied, it is replaced with a version navigator.






        

    



        
    



        

    
        Markdown

        
            Markdown


The Markdown output formats are still in Alpha, so you may find bugs and experience migration issues when using them.
You use them at your own risk.
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Dokka is able to generate documentation in GitHub Flavored and Jekyll compatible Markdown.

These formats give you more freedom in terms of hosting documentation as the output can be embedded right into your 
documentation website. For example, see OkHttp's API reference
pages.

Markdown output formats are implemented as Dokka plugins, maintained by the Dokka team, and 
they are open source.

GFM

The GFM output format generates documentation in GitHub Flavored Markdown.




【Gradle】



The Gradle plugin for Dokka comes with the GFM output format included. You can use the following tasks with it:




	Task
	Description





	dokkaGfm
	Generates GFM documentation for a single project.



	dokkaGfmMultiModule
	A MultiModule task created only for parent projects in multi-project builds. It generates documentation for subprojects and collects all outputs in a single place with a common table of contents.



	dokkaGfmCollector
	A Collector task created only for parent projects in multi-project builds. It calls dokkaGfm for every subproject and merges all outputs into a single virtual project.








【Maven】



Since GFM format is implemented as a Dokka plugin, you need to apply it as a plugin
dependency:

<plugin>
    <groupId>org.jetbrains.dokka</groupId>
    <artifactId>dokka-maven-plugin</artifactId>
    ...
    <configuration>
        <dokkaPlugins>
            <plugin>
                <groupId>org.jetbrains.dokka</groupId>
                <artifactId>gfm-plugin</artifactId>
                <version>2.0.0</version>
            </plugin>
        </dokkaPlugins>
    </configuration>
</plugin>


After configuring this, running the dokka:dokka goal produces documentation in GFM format.

For more information, see the Maven plugin documentation for Other output formats.




【CLI】



Since GFM format is implemented as a Dokka plugin, you need to 
download the JAR file
and pass it to pluginsClasspath.

Via command line options:

java -jar dokka-cli-2.0.0.jar \
     -pluginsClasspath "./dokka-base-2.0.0.jar;...;./gfm-plugin-2.0.0.jar" \
     ...


Via JSON configuration:

{
  ...
  "pluginsClasspath": [
    "./dokka-base-2.0.0.jar",
    "...",
    "./gfm-plugin-2.0.0.jar"
  ],
  ...
}


For more information, see the CLI runner's documentation for Other output formats.



You can find the source code on GitHub.

Jekyll

The Jekyll output format generates documentation in Jekyll compatible Markdown.




【Gradle】



The Gradle plugin for Dokka comes with the Jekyll output format included. You can use the following tasks with it:




	Task
	Description





	dokkaJekyll
	Generates Jekyll documentation for a single project.



	dokkaJekyllMultiModule
	A MultiModule task created only for parent projects in multi-project builds. It generates documentation for subprojects and collects all outputs in a single place with a common table of contents.



	dokkaJekyllCollector
	A Collector task created only for parent projects in multi-project builds. It calls dokkaJekyll for every subproject and merges all outputs into a single virtual project.








【Maven】



Since Jekyll format is implemented as a Dokka plugin, you need to apply it as a plugin
dependency:

<plugin>
    <groupId>org.jetbrains.dokka</groupId>
    <artifactId>dokka-maven-plugin</artifactId>
    ...
    <configuration>
        <dokkaPlugins>
            <plugin>
                <groupId>org.jetbrains.dokka</groupId>
                <artifactId>jekyll-plugin</artifactId>
                <version>2.0.0</version>
            </plugin>
        </dokkaPlugins>
    </configuration>
</plugin>


After configuring this, running the dokka:dokka goal produces documentation in GFM format.

For more information, see the Maven plugin's documentation for Other output formats.




【CLI】



Since Jekyll format is implemented as a Dokka plugin, you need to 
download the JAR file.
This format is also based on GFM format, so you need to provide it as a dependency as well. Both JARs need to be passed to 
pluginsClasspath:

Via command line options:

java -jar dokka-cli-2.0.0.jar \
     -pluginsClasspath "./dokka-base-2.0.0.jar;...;./gfm-plugin-2.0.0.jar;./jekyll-plugin-2.0.0.jar" \
     ...


Via JSON configuration:

{
  ...
  "pluginsClasspath": [
    "./dokka-base-2.0.0.jar",
    "...",
    "./gfm-plugin-2.0.0.jar",
    "./jekyll-plugin-2.0.0.jar"
  ],
  ...
}


For more information, see the CLI runner's documentation for Other output formats.



You can find the source code on GitHub.


        

    



        
    



        

    
        编译器

        
            编译器


	K2 编译器迁移指南

	Kotlin 命令行编译器

	Kotlin 编译器选项




        

    



        
    



        

    
        K2 编译器迁移指南

        
            K2 编译器迁移指南

As the Kotlin language and ecosystem have continued to evolve, so has the Kotlin compiler. The first step was the
introduction of the new JVM and JS IR (Intermediate Representation) backends that share logic, simplifying code generation
for targets on different platforms. Now, the next stage of its evolution brings a new frontend known as K2.

[image: Kotlin K2 compiler architecture]

With the arrival of the K2 compiler, the Kotlin frontend has been completely rewritten and features a new,
more efficient architecture. The fundamental change the new compiler brings is the use of one unified data structure that
contains more semantic information. This frontend is responsible for performing semantic analysis, call resolution,
and type inference.

The new architecture and enriched data structure enables the K2 compiler to provide the following benefits:


	Improved call resolution and type inference. The compiler behaves more consistently and understands your code better.

	Easier introduction of syntactic sugar for new language features. In the future, you'll be able to use more concise,
readable code when new features are introduced.

	Faster compilation times. Compilation times can be significantly faster.

	Enhanced IDE performance. Starting with 2025.1, IntelliJ IDEA uses K2 mode to analyze your Kotlin code, increasing
stability and providing performance improvements. For more information, see Support in IDEs.



This guide:


	Explains the benefits of the new K2 compiler.

	Highlights changes you might encounter during migration and how to adapt your code accordingly.

	Describes how you can roll back to the previous version.




The new K2 compiler is enabled by default starting with 2.0.0. For more information on the new features provided
in Kotlin 2.0.0, as well as the new K2 compiler, see What's new in Kotlin 2.0.0.
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Performance improvements

To evaluate the performance of the K2 compiler, we ran performance tests on two open-source projects: Anki-Android
and Exposed. Here are the key performance improvements that we found:


	The K2 compiler brings up to 94% compilation speed gains. For example, in the Anki-Android project, clean build times
were reduced from 57.7 seconds in Kotlin 1.9.23 to 29.7 seconds in Kotlin 2.0.0.

	The initialization phase is up to 488% faster with the K2 compiler. For example, in the Anki-Android project, the
initialization phase for incremental builds was cut from 0.126 seconds in Kotlin 1.9.23 to just 0.022 seconds in Kotlin 2.0.0.

	The Kotlin K2 compiler is up to 376% quicker in the analysis phase compared to the previous compiler. For example,
in the Anki-Android project, analysis times for incremental builds were slashed from 0.581 seconds in Kotlin 1.9.23 to
only 0.122 seconds in Kotlin 2.0.0.



For more details on these improvements and to learn more about how we analyzed the performance of the K2 compiler, see our
blog post.

Language feature improvements

The Kotlin K2 compiler improves language features related to smart-casting and Kotlin Multiplatform.

智能转换

The Kotlin compiler can automatically cast an object to a type in specific cases,
saving you the trouble of having to explicitly specify it yourself. This is called smart-casting.
The Kotlin K2 compiler now performs smart casts in even more scenarios than before.

In Kotlin 2.0.0, we've made improvements related to smart casts in the following areas:


	Local variables and further scopes

	Type checks with the logical or operator

	Inline functions

	Properties with function types

	Exception handling

	Increment and decrement operators



Local variables and further scopes

Previously, if a variable was evaluated as not null within an if condition, the variable would be smart-cast.
Information about this variable would then be shared further within the scope of the if block.

However, if you declared the variable outside the if condition, no information about the variable would be available
within the if condition, so it couldn't be smart-cast. This behavior was also seen with when expressions and while loops.

From Kotlin 2.0.0, if you declare a variable before using it in your if, when, or while condition, then any
information collected by the compiler about the variable will be accessible in the corresponding block for
smart-casting.

This can be useful when you want to do things like extract boolean conditions into variables. Then, you can give the
variable a meaningful name, which will improve your code readability and make it possible to reuse the variable later
in your code. For example:

class Cat {
    fun purr() {
        println("Purr purr")
    }
}

fun petAnimal(animal: Any) {
    val isCat = animal is Cat
    if (isCat) {
        // In Kotlin 2.0.0, the compiler can access
        // information about isCat, so it knows that
        // animal was smart-cast to the type Cat.
        // Therefore, the purr() function can be called.
        // In Kotlin 1.9.20, the compiler doesn't know
        // about the smart cast, so calling the purr()
        // function triggers an error.
        animal.purr()
    }
}

fun main(){
    val kitty = Cat()
    petAnimal(kitty)
    // Purr purr
}


Type checks with the logical or operator

In Kotlin 2.0.0, if you combine type checks for objects with an or operator (||), a smart cast
is made to their closest common supertype. Before this change, a smart cast was always made to the Any type.

In this case, you still had to manually check the object type afterward before you could access any of its properties or
call its functions. For example:

interface Status {
    fun signal() {}
}

interface Ok : Status
interface Postponed : Status
interface Declined : Status

fun signalCheck(signalStatus: Any) {
    if (signalStatus is Postponed || signalStatus is Declined) {
        // signalStatus is smart-cast to a common supertype Status
        signalStatus.signal()
        // Prior to Kotlin 2.0.0, signalStatus is smart cast 
        // to type Any, so calling the signal() function triggered an
        // Unresolved reference error. The signal() function can only 
        // be called successfully after another type check:

        // check(signalStatus is Status)
        // signalStatus.signal()
    }
}



The common supertype is an approximation of a union type. Union types
are not currently supported in Kotlin.
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Inline functions

In Kotlin 2.0.0, the K2 compiler treats inline functions differently,
allowing it to determine in combination with other compiler analyses whether it's safe to smart-cast.

Specifically, inline functions are now treated as having an implicit callsInPlace
contract. This means that any lambda functions passed to an inline function are called in place. Since lambda functions
are called in place, the compiler knows that a lambda function can't leak references to any variables contained within
its function body.

The compiler uses this knowledge along with other compiler analyses to decide whether it's safe to smart-cast any of the
captured variables. For example:

interface Processor {
    fun process()
}

inline fun inlineAction(f: () -> Unit) = f()

fun nextProcessor(): Processor? = null

fun runProcessor(): Processor? {
    var processor: Processor? = null
    inlineAction {
        // In Kotlin 2.0.0, the compiler knows that processor 
        // is a local variable and inlineAction() is an inline function, so 
        // references to processor can't be leaked. Therefore, it's safe 
        // to smart-cast processor.

        // If processor isn't null, processor is smart-cast
        if (processor != null) {
            // The compiler knows that processor isn't null, so no safe call 
            // is needed
            processor.process()

            // In Kotlin 1.9.20, you have to perform a safe call:
            // processor?.process()
        }

        processor = nextProcessor()
    }

    return processor
}


Properties with function types

In previous versions of Kotlin, there was a bug that meant that class properties with a function type weren't smart-cast.
We fixed this behavior in Kotlin 2.0.0 and the K2 compiler. For example:

class Holder(val provider: (() -> Unit)?) {
    fun process() {
        // In Kotlin 2.0.0, if provider isn't null,
        // it is smart-cast
        if (provider != null) {
            // The compiler knows that provider isn't null
            provider()

            // In 1.9.20, the compiler doesn't know that provider isn't 
            // null, so it triggers an error:
            // Reference has a nullable type '(() -> Unit)?', use explicit '?.invoke()' to make a function-like call instead
        }
    }
}


This change also applies if you overload your invoke operator. For example:

interface Provider {
    operator fun invoke()
}

interface Processor : () -> String

class Holder(val provider: Provider?, val processor: Processor?) {
    fun process() {
        if (provider != null) {
            provider() 
            // In 1.9.20, the compiler triggers an error: 
            // Reference has a nullable type 'Provider?', use explicit '?.invoke()' to make a function-like call instead
        }
    }
}


Exception handling

In Kotlin 2.0.0, we've made improvements to exception handling so that smart cast information can be passed
on to catch and finally blocks. This change makes your code safer as the compiler keeps track of whether
your object has a nullable type. For example:

//sampleStart
fun testString() {
    var stringInput: String? = null
    // stringInput is smart-cast to String type
    stringInput = ""
    try {
        // The compiler knows that stringInput isn't null
        println(stringInput.length)
        // 0

        // The compiler rejects previous smart cast information for 
        // stringInput. Now stringInput has the String? type.
        stringInput = null

        // Trigger an exception
        if (2 > 1) throw Exception()
        stringInput = ""
    } catch (exception: Exception) {
        // In Kotlin 2.0.0, the compiler knows stringInput 
        // can be null, so stringInput stays nullable.
        println(stringInput?.length)
        // null

        // In Kotlin 1.9.20, the compiler says that a safe call isn't
        // needed, but this is incorrect.
    }
}
//sampleEnd
fun main() {
    testString()
}


Increment and decrement operators

Prior to Kotlin 2.0.0, the compiler didn't understand that the type of an object can change after using
an increment or decrement operator. As the compiler couldn't accurately track the object type,
your code could lead to unresolved reference errors. In Kotlin 2.0.0, this has been fixed:

interface Rho {
    operator fun inc(): Sigma = TODO()
}

interface Sigma : Rho {
    fun sigma() = Unit
}

interface Tau {
    fun tau() = Unit
}

fun main(input: Rho) {
    var unknownObject: Rho = input

    // Check if unknownObject inherits from the Tau interface
    // Note, it's possible that unknownObject inherits from both
    // Rho and Tau interfaces.
    if (unknownObject is Tau) {

        // Use the overloaded inc() operator from interface Rho.
        // In Kotlin 2.0.0, the type of unknownObject is smart-cast to
        // Sigma.
        ++unknownObject

        // In Kotlin 2.0.0, the compiler knows unknownObject has type
        // Sigma, so the sigma() function can be called successfully.
        unknownObject.sigma()

        // In Kotlin 1.9.20, the compiler doesn't perform a smart cast
        // when inc() is called so the compiler still thinks that 
        // unknownObject has type Tau. Calling the sigma() function 
        // throws a compile-time error.

        // In Kotlin 2.0.0, the compiler knows unknownObject has type
        // Sigma, so calling the tau() function throws a compile-time 
        // error.
        unknownObject.tau()
        // Unresolved reference 'tau'

        // In Kotlin 1.9.20, since the compiler mistakenly thinks that 
        // unknownObject has type Tau, the tau() function can be called,
        // but it throws a ClassCastException.
    }
}


Kotlin Multiplatform

There are improvements in the K2 compiler related to Kotlin Multiplatform in the following areas:


	Separation of common and platform sources during compilation

	Different visibility levels of expected and actual declarations



Separation of common and platform sources during compilation

Previously, the design of the Kotlin compiler prevented it from keeping common and platform source sets separate
at compile time. As a consequence, common code could access platform code, which resulted in different behavior
between platforms. In addition, some compiler settings and dependencies from common code used to leak into platform code.

In Kotlin 2.0.0, our implementation of the new Kotlin K2 compiler included a redesign of the compilation scheme to ensure
strict separation between common and platform source sets. This change is most noticeable when you use expected and actual functions.
Previously, it was possible for a function call in your common code to resolve to a function in platform code. For example:


   
       	Common code
       	Platform code
   

   
	

```kotlin
fun foo(x: Any) = println("common foo")

fun exampleFunction() {
    foo(42)
}
```


	

```kotlin
// JVM
fun foo(x: Int) = println("platform foo")

// JavaScript
// There is no foo() function overload on the JavaScript platform
```







In this example, the common code has different behavior depending on which platform it is run on:


	On the JVM platform, calling the foo() function in the common code results in the foo() function from the platform code
being called as platform foo.

	On the JavaScript platform, calling the foo() function in the common code results in the foo() function from the
common code being called as common foo, as there is no such function available in the platform code.



In Kotlin 2.0.0, common code doesn't have access to platform code, so both platforms successfully resolve the foo()
function to the foo() function in the common code: common foo.

In addition to the improved consistency of behavior across platforms, we also worked hard to fix cases where there was
conflicting behavior between IntelliJ IDEA or Android Studio and the compiler. For instance, when you used expected and actual classes,
the following would happen:


   
       	Common code
       	Platform code
   

   
	

```kotlin
expect class Identity {
    fun confirmIdentity(): String
}

fun common() {
    // Before 2.0.0, it triggers an IDE-only error
    Identity().confirmIdentity()
    // RESOLUTION_TO_CLASSIFIER : Expected class Identity has no default constructor.
}
```


	

```kotlin
actual class Identity {
    actual fun confirmIdentity() = "expect class fun: jvm"
}
```







In this example, the expected class Identity has no default constructor, so it can't be called successfully in common code.
Previously, an error was only reported by the IDE, but the code still compiled successfully on the JVM. However, now the
compiler correctly reports an error:

Expected class 'expect class Identity : Any' does not have default constructor

When resolution behavior doesn't change

We're still in the process of migrating to the new compilation scheme, so the resolution behavior is still the same when
you call functions that aren't within the same source set. You'll notice this difference mainly when you use overloads
from a multiplatform library in your common code.

Suppose you have a library, which has two whichFun() functions with different signatures:

// Example library

// MODULE: common
fun whichFun(x: Any) = println("common function") 

// MODULE: JVM
fun whichFun(x: Int) = println("platform function")


If you call the whichFun() function in your common code, the function that has the most relevant argument type in the
library will be resolved:

// A project that uses the example library for the JVM target

// MODULE: common
fun main(){
    whichFun(2) 
    // platform function
}


In comparison, if you declare the overloads for whichFun() within the same source set, the function from the common
code will be resolved because your code doesn't have access to the platform-specific version:

// Example library isn't used

// MODULE: common
fun whichFun(x: Any) = println("common function") 

fun main(){
    whichFun(2) 
    // common function
}

// MODULE: JVM
fun whichFun(x: Int) = println("platform function")


Similar to multiplatform libraries, since the commonTest module is in a separate source set, it also still has access
to platform-specific code. Therefore, the resolution of calls to functions in the commonTest module exhibits the same
behavior as in the old compilation scheme.

In the future, these remaining cases will be more consistent with the new compilation scheme.

Different visibility levels of expected and actual declarations

Before Kotlin 2.0.0, if you used expected and actual declarations in your
Kotlin Multiplatform project, they had to have the same visibility level.
Kotlin 2.0.0 now also supports different visibility levels but only if the actual declaration is more permissive than
the expected declaration. For example:

expect internal class Attribute // Visibility is internal
actual class Attribute          // Visibility is public by default,
                                // which is more permissive


Similarly, if you are using a type alias in your actual declaration, the visibility of the underlying type
should be the same or more permissive than the expected declaration. For example:

expect internal class Attribute                 // Visibility is internal
internal actual typealias Attribute = Expanded

class Expanded                                  // Visibility is public by default,
                                                // which is more permissive


How to enable the Kotlin K2 compiler

Starting with Kotlin 2.0.0, the Kotlin K2 compiler is enabled by default.

To upgrade the Kotlin version, change it to 2.0.0 or a later release in your Gradle and
Maven build scripts.

To have the best experience with IntelliJ IDEA or Android Studio, consider enabling K2 mode
in your IDE.

Use Kotlin build reports with Gradle

Kotlin build reports provide information about the time spent in
different compilation phases for Kotlin compiler tasks, as well as which compiler and Kotlin version were used,
and whether the compilation was incremental. These build reports are useful for assessing your build performance. They
offer more insight into the Kotlin compilation pipeline than Gradle build scans do
because they give you an overview of the performance of all Gradle tasks.

How to enable build reports

To enable build reports, declare where you'd like to save the build report output in your gradle.properties file:

kotlin.build.report.output=file

The following values and their combinations are available for the output:




	Option
	Description





	file
	Saves build reports in a human-readable format to a local file. By default, it's ${project_folder}/build/reports/kotlin-build/${project_name}-timestamp.txt



	single_file
	Saves build reports in a format of an object to a specified local file.



	build_scan
	Saves build reports in the custom values section of the build scan. Note that the Gradle Enterprise plugin limits the number of custom values and their length. In big projects, some values could be lost.



	http
	Posts build reports using HTTP(S). The POST method sends metrics in JSON format. You can see the current version of the sent data in the Kotlin repository. You can find samples of HTTP endpoints in this blog post



	json
	Saves build reports in JSON format to a local file. Set the location for your build reports in kotlin.build.report.json.directory. By default, it's name is ${project_name}-build-<date-time>-<index>.json.





For more information on what is possible with build reports, see Build reports.

Support in IDEs

K2 mode in IntelliJ IDEA and Android Studio uses the K2 compiler to improve code analysis, code completion, and highlighting.

Starting with IntelliJ IDEA 2025.1, K2 mode is enabled by default.

In Android Studio, you can enable K2 mode starting with 2024.1 by following these steps:


	Go to Settings | Languages & Frameworks | Kotlin.

	Select the Enable K2 mode option.



Previous IDE behavior

If you want to go back to the previous IDE behavior, you can disable K2 mode:


	Go to Settings | Languages & Frameworks | Kotlin.

	Deselect the Enable K2 mode option.




We plan to introduce Stable language features after Kotlin 2.1.0.
Until then, you can continue to use the previous IDE features for code analysis, and you won't encounter any code highlighting
issues due to unrecognized language features.
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Try the Kotlin K2 compiler in the Kotlin Playground

The Kotlin Playground supports Kotlin 2.0.0 and later releases. Check it out!

How to roll back to the previous compiler

To use the previous compiler in Kotlin 2.0.0 and later releases, either:


	In your build.gradle.kts file, set your language version to 1.9.

OR



	Use the following compiler option: -language-version 1.9.



Changes

With the introduction of the new frontend, the Kotlin compiler has undergone several changes. Let's start by highlighting
the most significant modifications affecting your code, explaining what has changed and detailing best practices going
forward. If you'd like to learn more, we've organized these changes into subject areas to facilitate
your further reading.

This section highlights the following modifications:


	Immediate initialization of open properties with backing fields

	Deprecated synthetic setters on a projected receiver

	Forbidden use of inaccessible generic types

	Consistent resolution order of Kotlin properties and Java fields with the same name

	Improved null safety for Java primitive arrays

	Stricter rules for abstract members in expected classes



Immediate initialization of open properties with backing fields

What's changed?

In Kotlin 2.0, all open properties with backing fields must be immediately initialized; otherwise, you'll get a
compilation error. Previously, only open var properties needed to be initialized right away, but now this extends
to open val properties with backing fields too:

open class Base {
    open val a: Int
    open var b: Int

    init {
        // Error starting with Kotlin 2.0 that earlier compiled successfully 
        this.a = 1 //Error: open val must have initializer
        // Always an error
        this.b = 1 // Error: open var must have initializer
    }
}

class Derived : Base() {
    override val a: Int = 2
    override var b = 2
}


This change makes the compiler's behavior more predictable. Consider an example where an open val property is overridden
by a var property with a custom setter.

If a custom setter is used, deferred initialization can lead to confusion because it's unclear whether you want to
initialize the backing field or to invoke the setter. In the past, if you wanted to invoke the setter, the old compiler
couldn't guarantee that the setter would then initialize the backing field.

What's the best practice now?

We encourage you to always initialize open properties with backing fields, as we believe this practice is both more
efficient and less error-prone.

However, if you don't want to immediately initialize a property, you can:


	Make the property final.

	Use a private backing property that allows for deferred initialization.



For more information, see the corresponding issue in YouTrack.

Deprecated synthetics setter on a projected receiver

What's changed?

If you use the synthetic setter of a Java class to assign a type that conflicts with the class's projected type,
an error is triggered.

Suppose you have a Java class named Container that contains the getFoo() and setFoo() methods:

public class Container<E> {
    public E getFoo() {
        return null;
    }
    public void setFoo(E foo) {}
}


If you have the following Kotlin code, where instances of the Container class have projected types, using the setFoo()
method will always generate an error. However, only from Kotlin 2.0.0 will the synthetic foo property trigger an error:

fun exampleFunction(starProjected: Container<*>, inProjected: Container<in Number>, sampleString: String) {
    starProjected.setFoo(sampleString)
    // Error since Kotlin 1.0

    // Synthetic setter `foo` is resolved to the `setFoo()` method
    starProjected.foo = sampleString
    // Error since Kotlin 2.0.0

    inProjected.setFoo(sampleString)
    // Error since Kotlin 1.0

    // Synthetic setter `foo` is resolved to the `setFoo()` method
    inProjected.foo = sampleString
    // Error since Kotlin 2.0.0
}


What's the best practice now?

If you see that this change introduces errors in your code, you might wish to reconsider how you structure your type
declarations. It could be that you don't need to use type projections, or perhaps you need to remove any assignments
from your code.

For more information, see the corresponding issue in YouTrack.

Forbidden use of inaccessible generic types

What's changed?

Due to the new architecture of our K2 compiler, we've changed how we handle inaccessible generic types. Generally, you 
should never rely on inaccessible generic types in your code because this indicates a misconfiguration in your project's 
build configuration, preventing the compiler from accessing the necessary information to compile. In Kotlin 2.0.0, you 
can't declare or call a function literal with an inaccessible generic type, nor use a generic type with inaccessible generic
type arguments. This restriction helps you avoid compiler errors later in your code.

For example, let's say that you declared a generic class in one module:

// Module one
class Node<V>(val value: V)


If you have another module (module two) with a dependency configured on module one, your code can access the Node<V> 
class and use it as a type in function types:

// Module two
fun execute(func: (Node<Int>) -> Unit) {}
// Function compiles successfully


However, if your project is misconfigured such that you have a third module (module three) that depends only on module 
two, the Kotlin compiler won't be able to access the Node<V> class in module one when compiling the third module. 
Now, any lambdas or anonymous functions in module three that use the Node<V> type trigger errors in Kotlin 2.0.0, thus
preventing avoidable compiler errors, crashes, and run-time exceptions later in your code:

// Module three
fun test() {
    // Triggers an error in Kotlin 2.0.0, as the type of the implicit 
    // lambda parameter (it) resolves to Node, which is inaccessible
    execute {}

    // Triggers an error in Kotlin 2.0.0, as the type of the unused 
    // lambda parameter (_) resolves to Node, which is inaccessible
    execute { _ -> }

    // Triggers an error in Kotlin 2.0.0, as the type of the unused
    // anonymous function parameter (_) resolves to Node, which is inaccessible
    execute(fun (_) {})
}


In addition to function literals triggering errors when they contain value parameters of inaccessible generic types, 
errors also occur when a type has an inaccessible generic type argument.

For example, you have the same generic class declaration in module one. In module two, you declare another generic class:
Container<C>. In addition, you declare functions in module two that use Container<C> with generic class Node<V> as
a type argument:


   
       	Module one
       	Module two
   

   
	

```kotlin
// Module one
class Node(val value: V)
```


	

```kotlin
// Module two
class Container(vararg val content: C)

// Functions with generic class type that
// also have a generic class type argument
fun produce(): Container> = Container(Node(42))
fun consume(arg: Container>) {}
```








If you try to call these functions in module three, an error is triggered in Kotlin 2.0.0 because the generic class 
Node<V> is inaccessible from module three:

// Module three
fun test() {
    // Triggers an error in Kotlin 2.0.0, as generic class Node<V> is 
    // inaccessible
    consume(produce())
}


In future releases we will continue to deprecate the use of inaccessible types in general. We have already started in 
Kotlin 2.0.0 by adding warnings for some scenarios with inaccessible types, including non-generic ones.

For example, let's use the same module setup as the previous examples, but turn the generic class Node<V> into a 
non-generic class IntNode, with all functions declared in module two:


   
       	Module one
       	Module two
   

   
	

```kotlin
// Module one
class IntNode(val value: Int)
```


	

```kotlin
// Module two
// A function that contains a lambda 
// parameter with `IntNode` type
fun execute(func: (IntNode) -> Unit) {}

class Container(vararg val content: C)

// Functions with generic class type
// that has `IntNode` as a type argument
fun produce(): Container = Container(IntNode(42))
fun consume(arg: Container) {}
```







If you call these functions in module three, some warnings are triggered:

// Module three
fun test() {
    // Triggers warnings in Kotlin 2.0.0, as class IntNode is 
    // inaccessible.

    execute {}
    // Class 'IntNode' of the parameter 'it' is inaccessible.

    execute { _ -> }
    execute(fun (_) {})
    // Class 'IntNode' of the parameter '_' is inaccessible.

    // Will trigger a warning in future Kotlin releases, as IntNode is
    // inaccessible.
    consume(produce())
}


What's the best practice now?

If you encounter new warnings regarding inaccessible generic types, it's highly likely that there's an issue with your 
build system configuration. We recommend checking your build scripts and configuration. 

As a last resort, you can configure a direct dependency for module three on module one. Alternatively, you can modify 
your code to make the types accessible within the same module.

For more information, see the corresponding issue in YouTrack.

Consistent resolution order of Kotlin properties and Java fields with the same name

What's changed?

Before Kotlin 2.0.0, if you worked with Java and Kotlin classes that inherited from each other and contained Kotlin
properties and Java fields with the same name, the resolution behavior of the duplicated name was inconsistent. There was
also conflicting behavior between IntelliJ IDEA and the compiler. When developing
the new resolution behavior for Kotlin 2.0.0, we aimed to cause the least impact to users.

For example, suppose there is a Java class Base:

public class Base {
    public String a = "a";

    public String b = "b";
}


Let's say there is also a Kotlin class Derived that inherits from the aforementioned Base class:

class Derived : Base() {
    val a = "aa"

    // Declares custom get() function
    val b get() = "bb"
}

fun main() {
    // Resolves Derived.a
    println(a)
    // aa

    // Resolves Base.b
    println(b)
    // b
}


Prior to Kotlin 2.0.0, a resolves to the Kotlin property within the Derived Kotlin class, whereas b resolves to
the Java field in the Base Java class.

In Kotlin 2.0.0, the resolution behavior in the example is consistent, ensuring that the Kotlin property supersedes the
Java field of the same name. Now, b resolves to: Derived.b.


Prior to Kotlin 2.0.0, if you used IntelliJ IDEA to go to the declaration or usage of a, it would incorrectly
navigate to the Java field when it should have navigated to the Kotlin property.

From Kotlin 2.0.0, IntelliJ IDEA correctly navigates to the same location as the compiler.
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The general rule is that the subclass takes precedence. The previous example demonstrates this, as the Kotlin property
a from the Derived class is resolved because Derived is a subclass of the Base Java class.

In the event that the inheritance is reversed and a Java class inherits from a Kotlin class, the Java field in the
subclass takes precedence over the Kotlin property with the same name.

Consider this example:


   
       	Kotlin
       	Java
   

   
	

```kotlin
open class Base {
    val a = "aa"
}
```


	

```java
public class Derived extends Base {
    public String a = "a";
}
```







Now in the following code:

fun main() {
    // Resolves Derived.a
    println(a)
    // a
}


What's the best practice now?

If this change affects your code, consider whether you really need to use duplicate names. If you want to have Java or
Kotlin classes that each contain a field or property with the same name and that each inherit from one another, keep in
mind that the field or property in the subclass will take precedence.

For more information, see the corresponding issue in YouTrack.

Improved null safety for Java primitive arrays

What's changed?

Starting with Kotlin 2.0.0, the compiler correctly infers the nullability of Java primitive arrays imported to Kotlin.
Now, it retains native nullability from the TYPE_USE annotations used with Java primitive arrays and emits errors when
their values are not used according to annotations.

Usually, when Java types with @Nullable and @NotNull annotations are called from Kotlin, they receive the appropriate
native nullability:

interface DataService {
    @NotNull ResultContainer<@Nullable String> fetchData();
}


val dataService: DataService = ... 
dataService.fetchData() // -> ResultContainer<String?>


Previously, however, when Java primitive arrays were imported to Kotlin, all TYPE_USE annotations were lost, resulting
in platform nullability and possibly unsafe code:

interface DataProvider {
    int @Nullable [] fetchData();
}


val dataService: DataProvider = ...
dataService.fetchData() // -> IntArray .. IntArray?
// No error, even though `dataService.fetchData()` might be `null` according to annotations
// This might result in a NullPointerException
dataService.fetchData()[0]


Note that this issue never affected nullability annotations on the declaration itself, only the TYPE_USE ones.

What's the best practice now?

In Kotlin 2.0.0, null safety for Java primitive arrays is now standard in Kotlin, so check your code for new warnings
and errors if you use them:


	Any code that uses a @Nullable Java primitive array without an explicit nullability check or attempts to pass null
to a Java method expecting a non-nullable primitive array will now fail to compile.

	Using a @NotNull primitive array with a nullability check now emits "Unnecessary safe call" or "Comparison with null
always false" warnings.



For more information, see the corresponding issue in YouTrack.

Stricter rules for abstract members in expected classes


Expected and actual classes are in Beta.
They are almost stable, but you may need to perform migration steps in the future.
We'll do our best to minimize any further changes for you to make.
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What's changed?

Due to the separation of common and platform sources during compilation with the K2 compiler, we've implemented stricter
rules for abstract members in expected classes.

With the previous compiler, it was possible for an expected non-abstract class to inherit an abstract function without 
overriding the function. Since the compiler could access both common and platform code
at the same time, the compiler could see whether the abstract function had a corresponding override and definition in the
actual class.

Now that common and platform sources are compiled separately, the inherited function must be explicitly overridden in the
expected class so that the compiler knows the function is not abstract. Otherwise, the compiler reports an 
ABSTRACT_MEMBER_NOT_IMPLEMENTED error.

For example, let's say you have a common source set where you declare an abstract class called FileSystem that has an 
abstract function listFiles(). You define the listFiles() function in the platform source set as part of an actual 
declaration.

In your common code, if you have an expected non-abstract class called PlatformFileSystem that inherits from the 
FileSystem class, the PlatformFileSystem class inherits the abstract function listFiles(). However, you can't have
an abstract function in a non-abstract class in Kotlin. To make the listFiles() function non-abstract, you must declare
it as an override without the abstract keyword:


   
       	Common code
       	Platform code
   

   
	

```kotlin
abstract class FileSystem {
    abstract fun listFiles()
}
expect open class PlatformFileSystem() : FileSystem {
    // In Kotlin 2.0.0, an explicit override is needed
    expect override fun listFiles()
    // Before Kotlin 2.0.0, an override wasn't needed
}
```


	

```kotlin
actual open class PlatformFileSystem : FileSystem {
    actual override fun listFiles() {}
}
```







What's the best practice now?

If you inherit abstract functions in an expected non-abstract class, add a non-abstract override.

For more information, see the corresponding issue in YouTrack.

Per subject area

These subject areas list changes that are unlikely to affect your code but provide links to the relevant YouTrack issues
for further reading. Changes listed with an asterisk (*) next to the Issue ID are explained at the beginning of the section.

Type inference




	Issue ID
	Title





	KT-64189
	Incorrect type in compiled function signature of property reference if the type is Normal explicitly



	KT-47986
	Forbid implicit inferring a type variable into an upper bound in the builder inference context



	KT-59275
	K2: Require explicit type arguments for generic annotation calls in array literals



	KT-53752
	Missed subtyping check for an intersection type



	KT-59138
	Change Java type parameter based types default representation in Kotlin



	KT-57178
	Change inferred type of prefix increment to return type of getter instead of return type of inc() operator



	KT-57609
	K2: Stop relying on the presence of @UnsafeVariance using for contravariant parameters



	KT-57620
	K2: Forbid resolution to subsumed members for raw types



	KT-64641
	K2: Properly inferred type of callable reference to a callable with extension-function parameter



	KT-57011
	Make real type of a destructuring variable consistent with explicit type when specified



	KT-38895
	K2: Fix inconsistent behavior with integer literals overflow



	KT-54862
	Anonymous type can be exposed from anonymous function from type argument



	KT-22379
	Condition of while-loop with break can produce unsound smartcast



	KT-62507
	K2: Prohibit smart cast in common code for expect/actual top-level property



	KT-65750
	Increment and plus operators that change return type must affect smart casts



	KT-65349
	[LC] K2: specifying variable types explicitly breaks bound smart casts in some cases that worked in K1





Generics




	Issue ID
	Title





	KT-54309*
	Deprecate use of a synthetic setter on a projected receiver



	KT-57600
	Forbid overriding of Java method with raw-typed parameter with generic typed parameter



	KT-54663
	Forbid passing possibly nullable type parameter to `in` projected DNN parameter



	KT-54066
	Deprecate upper bound violation in typealias constructors



	KT-49404
	Fix type unsoundness for contravariant captured type based on Java class



	KT-61718
	Forbid unsound code with self upper bounds and captured types



	KT-61749
	Forbid unsound bound violation in generic inner class of generic outer class



	KT-62923
	K2: Introduce PROJECTION_IN_IMMEDIATE_ARGUMENT_TO_SUPERTYPE for projections of outer super types of inner class



	KT-63243
	Report MANY_IMPL_MEMBER_NOT_IMPLEMENTED when inheriting from collection of primitives with an extra specialized implementation from another supertype



	KT-60305
	K2: Prohibit constructor call and inheritance on type alias that has variance modifiers in expanded type



	KT-64965
	Fix type hole caused by improper handling of captured types with self-upper bounds



	KT-64966
	Forbid generic delegating constructor calls with wrong type for generic parameter



	KT-65712
	Report missing upper bound violation when upper bound is captured type





Resolution




	Issue ID
	Title





	KT-55017*
	Choose Kotlin property from derived class during overload resolution with Java field from base class



	KT-58260
	Make invoke convention works consistently with expected desugaring



	KT-62866
	K2: Change qualifier resolution behavior when companion object is preferred against static scope



	KT-57750
	Report ambiguity error when resolving types and having the same-named classes star imported



	KT-63558
	K2: migrate resolution around COMPATIBILITY_WARNING



	KT-51194
	False negative CONFLICTING_INHERITED_MEMBERS when dependency class contained in two different versions of the same dependency



	KT-37592
	Property invoke of a functional type with receiver is preferred over extension function invoke



	KT-51666
	Qualified this: introduce/prioritize this qualified with type case



	KT-54166
	Confirm unspecified behavior in case of FQ name conflicts in classpath



	KT-64431
	K2: forbid using typealiases as qualifier in imports



	KT-56520
	K1/K2: incorrect work of resolve tower for type references with ambiguity at lower level





Visibility




	Issue ID
	Title





	KT-64474*
	Declare usages of inaccessible types as unspecified behavior



	KT-55179
	False negative PRIVATE_CLASS_MEMBER_FROM_INLINE on calling private class companion object member from internal inline function



	KT-58042
	Make synthetic property invisible if equivalent getter is invisible even when overridden declaration is visible



	KT-64255
	Forbid accessing internal setter from a derived class in another module



	KT-33917
	Prohibit to expose anonymous types from private inline functions



	KT-54997
	Forbid implicit non-public-API accesses from public-API inline function



	KT-56310
	Smart casts should not affect visibility of protected members



	KT-65494
	Forbid access to overlooked private operator functions from public inline function



	KT-65004
	K1: Setter of var, which overrides protected val, is generates as public



	KT-64972
	Forbid overriding by private members in link-time for Kotlin/Native





Annotations




	Issue ID
	Title





	KT-58723
	Forbid annotating statements with an annotation if it has no EXPRESSION target



	KT-49930
	Ignore parentheses expression during `REPEATED_ANNOTATION` checking



	KT-57422
	K2: Prohibit use-site 'get' targeted annotations on property getters



	KT-46483
	Prohibit annotation on type parameter in where clause



	KT-64299
	Companion scope is ignored for resolution of annotations on companion object



	KT-64654
	K2: Introduced ambiguity between user and compiler-required annotations



	KT-64527
	Annotations on enum values shouldn't be copied to enum value classes



	KT-63389
	K2: `WRONG_ANNOTATION_TARGET` is reported on incompatible annotations of a type wrapped into `()?`



	KT-63388
	K2: `WRONG_ANNOTATION_TARGET` is reported on catch parameter type's annotations





Null safety




	Issue ID
	Title





	KT-54521*
	Deprecate unsafe usages of array types annotated as Nullable in Java



	KT-41034
	K2: Change evaluation semantics for combination of safe calls and convention operators



	KT-50850
	Order of supertypes defines nullability parameters of inherited functions



	KT-53982
	Keep nullability when approximating local types in public signatures



	KT-62998
	Forbid assignment of a nullable to a not-null Java field as a selector of unsafe assignment



	KT-63209
	Report missing errors for error-level nullable arguments of warning-level Java types





Java interoperability




	Issue ID
	Title





	KT-53061
	Forbid Java and Kotlin classes with the same FQ name in sources



	KT-49882
	Classes inherited from Java collections have inconsistent behavior depending on order of supertypes



	KT-66324
	K2: unspecified behavior in case of Java class inheritance from a Kotlin private class



	KT-66220
	Passing java vararg method to inline function leads to array of arrays in runtime instead of just an array



	KT-66204
	Allow to override internal members in K-J-K hierarchy





Properties




	Issue ID
	Title





	KT-57555*
	[LC] Forbid deferred initialization of open properties with backing field



	KT-58589
	Deprecate missed MUST_BE_INITIALIZED when no primary constructor is presented or when class is local



	KT-64295
	Forbid recursive resolve in case of potential invoke calls on properties



	KT-57290
	Deprecate smart cast on base class property from invisible derived class if base class is from another module



	KT-62661
	K2: Missed OPT_IN_USAGE_ERROR for data class properties





Control flow




	Issue ID
	Title





	KT-56408
	Inconsistent rules of CFA in class initialization block between K1 and K2



	KT-57871
	K1/K2 inconsistency on if-conditional without else-branch in parenthesis



	KT-42995
	False negative "VAL_REASSIGNMENT" in try/catch block with initialization in scope function



	KT-65724
	Propagate data flow information from try block to catch and finally blocks





Enum classes




	Issue ID
	Title





	KT-57608
	Prohibit access to the companion object of enum class during initialization of enum entry



	KT-34372
	Report missed error for virtual inline method in enum classes



	KT-52802
	Report ambiguity resolving between property/field and enum entry



	KT-47310
	Change qualifier resolution behavior when companion property is preferred against enum entry





Functional (SAM) interfaces




	Issue ID
	Title





	KT-52628
	Deprecate SAM constructor usages which require OptIn without annotation



	KT-57014
	Prohibit returning values with incorrect nullability from lambda for SAM constructor of JDK function interfaces



	KT-64342
	SAM conversion of parameter types of callable references leads to CCE





Companion object




	Issue ID
	Title





	KT-54316
	Out-of-call reference to companion object's member has invalid signature



	KT-47313
	Change (V)::foo reference resolution when V has a companion





Miscellaneous




	Issue ID
	Title





	KT-59739*
	K2/MPP reports [ABSTRACT_MEMBER_NOT_IMPLEMENTED] for inheritor in common code when the implementation is located in the actual counterpart



	KT-49015
	Qualified this: change behavior in case of potential label conflicts



	KT-56545
	Fix incorrect functions mangling in JVM backend in case of accidental clashing overload in a Java subclass



	KT-62019
	[LC issue] Prohibit suspend-marked anonymous function declarations in statement positions



	KT-55111
	OptIn: forbid constructor calls with default arguments under marker



	KT-61182
	Unit conversion is accidentally allowed to be used for expressions on variables + invoke resolution



	KT-55199
	Forbid promoting callable references with adaptations to KFunction



	KT-65776
	[LC] K2 breaks `false && ...` and `false || ...`



	KT-65682
	[LC] Deprecate `header`/`impl` keywords



	KT-45375
	Generate all Kotlin lambdas via invokedynamic + LambdaMetafactory by default





Compatibility with Kotlin releases

The following Kotlin releases have support for the new K2 compiler:




	Kotlin release
	Stability level





	2.0.0–2.1.21
	Stable



	1.9.20–1.9.25
	Beta



	1.9.0–1.9.10
	JVM is Beta



	1.7.0–1.8.22
	Alpha





Compatibility with Kotlin libraries

If you're working with Kotlin/JVM, the K2 compiler works with libraries compiled with any version of Kotlin.

If you're working with Kotlin Multiplatform, the K2 compiler is guaranteed to work with libraries compiled with Kotlin 
version 1.9.20 and onwards.

Compiler plugins support

Currently, the Kotlin K2 compiler supports the following Kotlin compiler plugins:


	all-open

	AtomicFU

	jvm-abi-gen

	js-plain-objects

	kapt

	Lombok

	no-arg

	Parcelize

	SAM with receiver

	Serialization



In addition, the Kotlin K2 compiler supports:


	The Jetpack Compose 1.5.0 compiler plugin and later versions.

	Kotlin Symbol Processing (KSP) since KSP2.




If you use any additional compiler plugins, check their documentation to see if they are compatible with K2.

[image: ]



Upgrade your custom compiler plugins


Custom compiler plugins use the plugin API, which is Experimental.
As a result, the API may change at any time, so we can't guarantee backward compatibility.

[image: ]



The upgrade process has two paths depending on the type of custom plugin you have.

Backend-only compiler plugins

If your plugin implements only IrGenerationExtension extension points, the process is the same as for any other new 
compiler release. Check if there are any changes to the API that you use and make changes if necessary.

Backend and frontend compiler plugins

If your plugin uses frontend-related extension points, you need to rewrite the plugin using the new K2 compiler API. For
an introduction to the new API, see FIR Plugin API.


If you have questions about upgrading your custom compiler plugin, join our #compiler
Slack channel, and we will do our best to help you.

[image: ]



Share your feedback on the new K2 compiler

We would appreciate any feedback you may have!


	Report any problems you face migrating to the new K2 compiler in our issue tracker.

	Enable the Send usage statistics option to
allow JetBrains to collect anonymous data about K2 usage.




        

    



        
    



        

    
        KSP 概述

        
            Kotlin 符号处理 API

Kotlin Symbol Processing (KSP) is an API that you can use to develop lightweight compiler plugins.
KSP provides a simplified compiler plugin API that leverages the power of Kotlin while keeping the learning curve at
a minimum. Compared to kapt, annotation processors that use KSP can run up to two times faster.


	To learn more about how KSP compares to kapt, check out why KSP.

	To get started writing a KSP processor, take a look at the KSP quickstart.



Overview

The KSP API processes Kotlin programs idiomatically. KSP understands Kotlin-specific features, such as extension functions,
declaration-site variance, and local functions. It also models types explicitly and provides basic type checking,
such as equivalence and assign-compatibility.

The API models Kotlin program structures at the symbol level according to Kotlin grammar.
When KSP-based plugins process source programs, constructs like classes, class members, functions, and associated parameters are accessible for the
processors, while things like if blocks and for loops are not.

Conceptually, KSP is similar to KType in Kotlin reflection.
The API allows processors to navigate from class declarations to corresponding types with specific type arguments and vice-versa.
You can also substitute type arguments, specify variances, apply star projections, and mark nullabilities of types.

Another way to think of KSP is as a preprocessor framework of Kotlin programs. By considering KSP-based plugins as
symbol processors, or simply processors, the data flow in a compilation can be described in the following steps:


	Processors read and analyze source programs and resources.

	Processors generate code or other forms of output.

	The Kotlin compiler compiles the source programs together with the generated code.



Unlike a full-fledged compiler plugin, processors cannot modify the code.
A compiler plugin that changes language semantics can sometimes be very confusing.
KSP avoids that by treating the source programs as read-only.

You can also get an overview of KSP in this video:

YouTube 视频：Kotlin Symbol Processing (KSP) 



 





How KSP looks at source files

Most processors navigate through the various program structures of the input source code.
Before diving into usage of the API, let's see at how a file might look from KSP's point of view:

KSFile
  packageName: KSName
  fileName: String
  annotations: List<KSAnnotation>  (File annotations)
  declarations: List<KSDeclaration>
    KSClassDeclaration // class, interface, object
      simpleName: KSName
      qualifiedName: KSName
      containingFile: String
      typeParameters: KSTypeParameter
      parentDeclaration: KSDeclaration
      classKind: ClassKind
      primaryConstructor: KSFunctionDeclaration
      superTypes: List<KSTypeReference>
      // contains inner classes, member functions, properties, etc.
      declarations: List<KSDeclaration>
    KSFunctionDeclaration // top level function
      simpleName: KSName
      qualifiedName: KSName
      containingFile: String
      typeParameters: KSTypeParameter
      parentDeclaration: KSDeclaration
      functionKind: FunctionKind
      extensionReceiver: KSTypeReference?
      returnType: KSTypeReference
      parameters: List<KSValueParameter>
      // contains local classes, local functions, local variables, etc.
      declarations: List<KSDeclaration>
    KSPropertyDeclaration // global variable
      simpleName: KSName
      qualifiedName: KSName
      containingFile: String
      typeParameters: KSTypeParameter
      parentDeclaration: KSDeclaration
      extensionReceiver: KSTypeReference?
      type: KSTypeReference
      getter: KSPropertyGetter
        returnType: KSTypeReference
      setter: KSPropertySetter
        parameter: KSValueParameter


This view lists common things that are declared in the file: classes, functions, properties, and so on.

SymbolProcessorProvider: the entry point

KSP expects an implementation of the SymbolProcessorProvider interface to instantiate SymbolProcessor:

interface SymbolProcessorProvider {
    fun create(environment: SymbolProcessorEnvironment): SymbolProcessor
}


While SymbolProcessor is defined as:

interface SymbolProcessor {
    fun process(resolver: Resolver): List<KSAnnotated> // Let's focus on this
    fun finish() {}
    fun onError() {}
}


A Resolver provides SymbolProcessor with access to compiler details such as symbols.
A processor that finds all top-level functions and non-local functions in top-level classes might look something like
the following:

class HelloFunctionFinderProcessor : SymbolProcessor() {
    // ...
    val functions = mutableListOf<KSClassDeclaration>()
    val visitor = FindFunctionsVisitor()

    override fun process(resolver: Resolver) {
        resolver.getAllFiles().forEach { it.accept(visitor, Unit) }
    }

    inner class FindFunctionsVisitor : KSVisitorVoid() {
        override fun visitClassDeclaration(classDeclaration: KSClassDeclaration, data: Unit) {
            classDeclaration.getDeclaredFunctions().forEach { it.accept(this, Unit) }
        }

        override fun visitFunctionDeclaration(function: KSFunctionDeclaration, data: Unit) {
            functions.add(function)
        }

        override fun visitFile(file: KSFile, data: Unit) {
            file.declarations.forEach { it.accept(this, Unit) }
        }
    }
    // ...

    class Provider : SymbolProcessorProvider {
        override fun create(environment: SymbolProcessorEnvironment): SymbolProcessor = TODO()
    }
}


Resources


	Quickstart

	Why use KSP?

	Examples

	How KSP models Kotlin code

	Reference for Java annotation processor authors

	Incremental processing notes

	Multiple round processing notes

	KSP on multiplatform projects

	Running KSP from command line

	FAQ



Supported libraries

The table includes a list of popular libraries on Android and their various stages of support for KSP:




	Library
	Status





	Room
	Officially supported



	Moshi
	Officially supported



	RxHttp
	Officially supported



	Kotshi
	Officially supported



	Lyricist
	Officially supported



	Lich SavedState
	Officially supported



	gRPC Dekorator
	Officially supported



	EasyAdapter
	Officially supported



	Koin Annotations
	Officially supported



	Glide
	Officially supported



	Micronaut
	Officially supported



	Epoxy
	Officially supported



	Paris
	Officially supported



	Auto Dagger
	Officially supported



	SealedX
	Officially supported



	Ktorfit
	Officially supported



	Mockative
	Officially supported



	DeeplinkDispatch
	Supported via airbnb/DeepLinkDispatch#323



	Dagger
	Alpha



	Motif
	Alpha



	Hilt
	In progress



	Auto Factory
	Not yet supported






        

    



        
    



        

    
        例学 Kotlin↗︎

        
            例学 Kotlin

🔗例学 Kotlin


        

    



        
    



        

    
        Kotlin 心印

        
            Kotlin 心印

Kotlin 心印是一系列主要为 Java 开发人员设计、帮助你熟悉 Kotlin 语法的练习。
每个练习都是不能通过的单元测试，你的任务就是使其通过。
可以通过下列方式中的一种来完成 Kotlin 心印任务：


	可以使用 Kotlin 心印的在线版。

	可以通过安装 JetBrains 学院插件并选择 Kotlin Koans 课程，直接在 IntelliJ IDEA 或 Android Studio 中完成任务。



无论选择何种方式来解 Kotlin 心印，都可以看到每项任务的答案：


	在线版，点击“Show answer”（显示答案）。

	对于 JetBrains 学院插件，请尝试先自行作答，如果答案不正确选择 Peek solution（速览答案）
。



我们建议你在完成任务后核对答案，以便将你的解答与标准答案进行比较。
请不要作弊哦！


        

    



        
    



        

    
        Advent of Code 谜题

        
            用地道 Kotlin 代码求解 Advent of Code 谜题

Advent of Code is an annual December event, where holiday-themed puzzles are published
every day from December 1 to December 25. With the permission of Eric Wastl, creator of Advent of Code,
we'll show how to solve these puzzles using the idiomatic Kotlin style:


	Advent of Code 2024

	Advent of Code 2023

	

	

	



Get ready for Advent of Code

We'll take you through the basic tips on how to get up and running with solving Advent of Code challenges with Kotlin:


	Use this GitHub template to create projects

	Check out the welcome video by Kotlin Developer Advocate, Sebastian Aigner:



YouTube 视频：Get Ready for Advent of Code 2021 



 





Advent of Code 2022

Day 1: Calorie counting

Learn about the Kotlin Advent of Code template and convenience functions for working with strings and collections in Kotlin, 
such as maxOf() and sumOf().
See how extension functions can help you structure your solution in a nice manner.


	Read the puzzle description on Advent of Code

	Check out the solution in the video:





 Advent of Code 2022 Day 1 | Kotlin

Day 2: Rock paper scissors

Understand operations on the Char type in Kotlin, see how the Pair type and the to constructor work well with pattern matching.
Understand how to order your own objects using the compareTo() function.


	Read the puzzle description on Advent of Code

	Check out the solution in the video:





 Advent of Code 2022 Day 2 | Kotlin

Day 3: Rucksack reorganization

Learn how the kotlinx.benchmark library helps
you understand the performance characteristics of your code.
See how set operations like intersect can help you select overlapping data,
and see performance comparisons between different implementations of the same solution.


	Read the puzzle description on Advent of Code

	Check out the solution in the video:





 Advent of Code 2022 Day 3 | Kotlin

Day 4: Camp cleanup

See how infix and operator functions can make your code more expressive,
and how extension functions for the String and IntRange types make it easy to parse input.


	Read the puzzle description on Advent of Code

	Check out the solution in the video:





 Advent of Code 2022 Day 4 | Kotlin

Day 5: Supply stacks

Learn about constructing more complex objects with factory functions,
how to use regular expressions, and the double-ended ArrayDeque type.


	Read the puzzle description on Advent of Code

	Check out the solution in the video:





 Advent of Code 2022 Day 5 | Kotlin

Day 6: Tuning trouble

See more in-depth performance investigations with the kotlinx.benchmark library,
comparing the characteristics of 16 different variations of the same solution.


	Read the puzzle description on Advent of Code

	Check out the solution in the video:





 Advent of Code 2022 Day 6 | Kotlin

Day 7: No space left on device

Learn how to model tree structures, and see a demo of generating Kotlin code programmatically.


	Read the puzzle description on Advent of Code

	Check out the solution in the video:





 Advent of Code 2022 Day 7 | Kotlin

Day 8: Treetop tree house

See the sequence builder in action,
and how far a first draft of a program and an idiomatic Kotlin solution can differ (with special guest Roman Elizarov!).


	Read the puzzle description on Advent of Code

	Check out the solution in the video:





 Advent of Code 2022 Day 8 | Kotlin

Day 9: Rope bridge

See the run function, labeled returns, and convenient standard library functions like coerceIn, or zipWithNext.
See how you can construct lists of given sizes using the List and MutableList constructors,
and get a peek at a Kotlin-based visualization of the problem statement.


	Read the puzzle description on Advent of Code

	Check out the solution in the video:





 Advent of Code 2022 Day 9 | Kotlin

Day 10: Cathode-ray tube

Learn how ranges and the in operator make checking ranges natural,
how function parameters can be turned into receivers, and a brief exploration of the tailrec modifier.


	Read the puzzle description on Advent of Code

	Check out the solution in the video:





 Advent of Code 2022 Day 10 | Kotlin

Day 11: Monkey in the middle

See how you can move from mutable,
imperative code to a more functional approach that makes use of immutable and read-only data structures.
Learn about context receivers and how our guest built his own visualization library just for Advent of Code.


	Read the puzzle description on Advent of Code

	Check out the solution in the video:





 Advent of Code 2022 Day 11 | Kotlin

Day 12: Hill Climbing algorithm

Use queues, ArrayDeque, function references, and the tailrec modifier to solve path finding problems with Kotlin.


	Read the puzzle description on Advent of Code

	Check out the solution in the video:





 Advent of Code 2022 Day 12 | Kotlin

Advent of Code 2021


Read our blog post about Advent of Code 2021

[image: ]



Day 1: Sonar sweep

Apply windowed and count functions to work with pairs and triplets of integers.


	Read the puzzle description on Advent of Code

	Check out the solution from Anton Arhipov on the Kotlin Blog
or watch the video:





 Advent of Code 2021 in Kotlin, Day 1: Sonar Sweep

Day 2: Dive!

Learn about destructuring declarations and the when expression.


	Read the puzzle description on Advent of Code

	Check out the solution from Pasha Finkelshteyn on GitHub
or watch the video:





 Advent of Code 2021 in Kotlin, Day 2: Dive!

Day 3: Binary diagnostic

Explore different ways to work with binary numbers.


	Read the puzzle description on Advent of Code

	Check out the solution from Sebastian Aigner on Kotlin Blog
or watch the video:





 Advent of Code 2021 in Kotlin, Day 3: Binary Diagnostic

Day 4: Giant squid

Learn how to parse the input and introduce some domain classes for more convenient processing.


	Read the puzzle description on Advent of Code

	Check out the solution from Anton Arhipov on the GitHub
or watch the video:





 Advent of Code 2021 in Kotlin, Day 4: Giant Squid

Advent of Code 2020


You can find all the solutions for the Advent of Code 2020 puzzles in our GitHub repository.

[image: ]



Day 1: Report repair

Explore input handling, iterating over a list, different ways of building a map, and using the let
function to simplify your code.


	Read the puzzle description on Advent of Code

	Check out the solution from Svetlana Isakova on the Kotlin Blog
or watch the video:





 Learn Kotlin With the Kotlin Team: Advent of Code 2020 #1

Day 2: Password philosophy

Explore string utility functions, regular expressions, operations on collections, and how the let
function can be helpful to transform your expressions.


	Read the puzzle description on Advent of Code

	Check out the solution from Svetlana Isakova on the Kotlin Blog
or watch the video:





 Learn Kotlin with The Kotlin Team: Advent of Code 2020 #2

Day 3: Toboggan trajectory

Compare imperative and more functional code styles, work with pairs and the reduce()
function, edit code in the column selection mode, and fix integer overflows.


	Read the puzzle description on Advent of Code

	Check out the solution from Mikhail Dvorkin on GitHub
or watch the video:





 Learn Kotlin with the Kotlin Team: Advent of Code 2020 #3

Day 4: Passport processing

Apply the when expression and explore different ways of how to validate the input:
utility functions, working with ranges, checking set membership, and matching a particular regular expression.


	Read the puzzle description on Advent of Code

	Check out the solution from Sebastian Aigner on the Kotlin Blog
or watch the video:





 Learn Kotlin with the Kotlin Team: Advent of Code 2020 #4

Day 5: Binary boarding

Use the Kotlin standard library functions (replace(), toInt(), find()) to work with the binary representation of numbers,
explore powerful local functions, and learn how to use the max() function in Kotlin 1.5.


	Read the puzzle description on Advent of Code

	Check out the solution from Svetlana Isakova on the Kotlin Blog
or watch the video:





 Learn Kotlin with the Kotlin Team: Advent of Code 2020 #5

Day 6: Custom customs

Learn how to group and count characters in strings and collections using the standard library functions: map(),
reduce(), sumOf(), intersect(), and union().


	Read the puzzle description on Advent of Code

	Check out the solution from Anton Arhipov on the Kotlin Blog
or watch the video:





 Learn Kotlin with the Kotlin Team: Advent of Code 2020 #6

Day 7: Handy haversacks

Learn how to use regular expressions, use Java's compute() method for HashMaps from Kotlin for dynamic calculations
of the value in the map, use the forEachLine() function to read files, and compare two types of search algorithms:
depth-first and breadth-first.


	Read the puzzle description on Advent of Code

	Check out the solution from Pasha Finkelshteyn on the Kotlin Blog
or watch the video:





 Learn Kotlin with the Kotlin Team: Advent of Code 2020 #7

Day 8: Handheld halting

Apply sealed classes and lambdas to represent instructions, apply Kotlin sets to discover loops in the program execution,
use sequences and the sequence { } builder function to construct a lazy collection, and try the experimental
measureTimedValue() function to check performance metrics.


	Read the puzzle description on Advent of Code

	Check out the solution from Sebastian Aigner on the Kotlin Blog
or watch the video:





 Learn Kotlin with the Kotlin Team: Advent of Code 2020 #8

Day 9: Encoding error

Explore different ways to manipulate lists in Kotlin using the any(), firstOrNull(), firstNotNullOfOrNull(),
windowed(), takeIf(), and scan() functions, which exemplify an idiomatic Kotlin style.


	Read the puzzle description on Advent of Code

	Check out the solution from Svetlana Isakova on the Kotlin Blog
or watch the video:





 Learn Kotlin with the Kotlin Team: Advent of Code 2020 #9

下一步做什么？


	Complete more tasks with Kotlin Koans 

	Create working applications with the free Kotlin Core track by JetBrains Academy




        

    



        
    



        

    
        简单

        
            简单

The fewer concepts your users need to understand and the more explicitly these are communicated, the simpler their mental
model is likely to be. This can be achieved by limiting the number of operations and abstractions in the API.

Ensure that the visibility of declarations in your library is set appropriately to keep internal implementation details
out of the public API. Only APIs that are explicitly designed and documented for public use should be accessible to users.

In the next part of the guide, we'll discuss some guidelines for promoting simplicity.

Use explicit API mode

We recommend using the explicit API mode feature of the Kotlin compiler,
which forces you to explicitly state your intentions when you're designing the API for your library.

With explicit API mode, you must:


	Add visibility modifiers to your declarations to make them public, instead of relying on the default public visibility. This ensures that you've considered what you're exposing as part of the public API.

	Define the types for all your public functions and properties to prevent unintended changes to your API from inferred types.



Reuse existing concepts

One way to limit the size of your API is to reuse existing types. For example, instead of creating a new type for durations, you can use kotlin.time.Duration.
This approach not only streamlines development but also improves interoperability with other libraries.

Be careful when relying on types from third-party libraries or platform-specific types, as they can tie your library to these elements.
In such cases, the costs may outweigh the benefits.

Reusing common types such as String, Long, Pair, and Triple can be effective, but this should not stop you from
developing abstract data types if they better encapsulate domain-specific logic.

Define and build on top of core API

Another route to simplicity is to define a small conceptual model based around a limited set of core operations.
Once the behavior of these operations is clearly documented, you can expand the API by developing new operations that
build directly on or combine these core functions.

For example:


	In the Kotlin Flows API, common operations like filter and map are built on top of the transform operation.

	In the Kotlin Time API the measureTime function utilizes TimeSource.Monotonic.



While it's often beneficial to base additional operations on these core components, it's not always necessary.
You may find opportunities to introduce optimized or platform-specific variations that expand the functionality or adapt more broadly to different inputs.

As long as users are able to solve non-trivial problems with the core operations and can refactor their solutions with
additional operations without altering any behavior, the simplicity of the conceptual model is preserved.

Next step

In the next part of the guide, you'll learn about readability. 

Proceed to the next part


        

    



        
    



        

    
        可读性

        
            可读性

Creating a readable API involves more than just writing clean code.
It requires thoughtful design that simplifies integration and usage.
This section explores how you can enhance API readability by structuring your library with composability in mind,
utilizing domain-specific languages (DSLs) for concise and expressive setup, and using extension functions and properties
for clear and maintainable code.

Prefer Explicit Composability

Libraries often provide advanced operators that allow for customization.
For example, an operation might permit users to supply their own data structures, networking channels, timers, or lifecycle observers.
However, introducing these customization options through additional function parameters can significantly increase the complexity of the API.

Instead of adding more parameters for customization, it's more effective to design an API where different behaviors can
be composed together.
For example, in the coroutine Flows API both buffering and conflation are implemented as separate functions.
These can be chained together with more basic operations like filter and map, instead of each basic operation accepting parameters to control buffering and conflation.

Another example involves the Modifiers API in Jetpack Compose.
This allows Composable components to accept a single Modifier parameter that handles common customization options, such as padding, sizing, and background color.
This approach avoids the need for each Composable to accept separate parameters for these customizations,
streamlining the API and reducing complexity.

Box(
    modifier = Modifier
        .padding(10.dp)
        .onClick { println("Box clicked!") }
        .fillMaxWidth()
        .fillMaxHeight()
        .verticalScroll(rememberScrollState())
        .horizontalScroll(rememberScrollState())
) {
    // Box content goes here
}


Use DSLs

A Kotlin library can significantly improve readability by providing a builder DSL.
Using a DSL allows you to concisely repeat domain-specific data declarations.
For example, consider the following sample from a Ktor-based server application:

fun Application.module() {
    install(ContentNegotiation) {
        json(Json {
            prettyPrint = true
            isLenient = true
        })
    }
    routing {
        post("/article") {
            call.respond<String>(HttpStatusCode.Created, ...)
        }
        get("/article/list") {
            call.respond<List<CreateArticle>>(...)
        }
        get("/article/{id}") {
            call.respond<Article>(...)
        }
    }
}


This sets up an application, installing the ContentNegotiation plugin configured to use Json serialization, and sets up
routing so that the application responds to requests on various /article endpoints.

For a detailed description of creating DSLs, see Type-safe builders.
The following points are worth noting in the context of creating libraries:


	The functions used in the DSL are builder functions, which take a lambda with receiver as the final parameter.
This design allows these functions to be called without parentheses, making the syntax clearer.
The lambda being passed can be used to configure the entity being created. In the example above the lambda passed to the routing function is used to configure the details of the routing.

	Factory functions that create instances of classes should have the same name as the return type and start with a capital letter.
You can see this in the sample above with the creation of the Json instance.
These functions may still take lambda parameters for configuration. For more information, see Coding conventions.

	As it's not possible to ensure that required properties have been set within the lambda supplied to a builder function
at compile time, we recommend passing required values as function parameters.



Using DSLs to build objects not only improves readability but also improves backward compatibility,
and simplifies the documentation process. For example, take the following function:

fun Json(prettyPrint: Boolean, isLenient: Boolean): Json


This function could replace the Json{} DSL builder. However, the DSL approach has noticeable benefits:


	Backward compatibility is easier to maintain with the DSL builder than with this function, as adding new configuration options simply means adding new properties (or in other examples, new functions), which is a backward-compatible change, unlike changing the parameter list of an existing function.

	It also makes creating and maintaining documentation easier. You can document each property separately at its point of declaration, instead of having to document many parameters of a function, all in one place.



Use extension functions and properties

We recommend using extension functions and properties to improve readability.

Classes and interfaces should define the core concept of a type.
Additional functionality and information should be written as extension functions and properties.
This makes it clear to the reader that the additional functionality can be implemented on top of the core concept,
and additional information can be calculated from the data in the type.

For example, the CharSequence type (which String also implements) only contains the most basic information and operators to access its contents:

interface CharSequence {
    val length: Int
    operator fun get(index: Int): Char
    fun subSequence(startIndex: Int, endIndex: Int): CharSequence
}


Functionality commonly associated with strings is mostly defined as extension functions, which can all be implemented on
top of the core concepts and basic APIs of the type:

inline fun CharSequence.isEmpty(): Boolean = length == 0
inline fun CharSequence.isNotEmpty(): Boolean = length > 0

inline fun CharSequence.trimStart(predicate: (Char) -> Boolean): CharSequence {
    for (index in this.indices)
        if (!predicate(this[index]))
           return subSequence(index, length)
    return ""
}


Consider declaring computed properties and normal methods as extensions.
Only regular properties, overrides, and overloaded operators should be declared as members by default.

Avoid using the boolean type as an argument

Consider the following function:

fun doWork(optimizeForSpeed: Boolean) { ... }


If you were to provide this function in your API it could be invoked as:

doWork(true)
doWork(optimizeForSpeed=true)


In the first call it is impossible to infer what the boolean argument is for, unless you are reading the code in an IDE
with Parameter Name Hints enabled.
Using named arguments does clarify the intention, but there is no way to force your users to adopt this style.
Consequently, to improve readability, your code should not use boolean types as arguments.

Alternatively, the API could create a separate function specifically for the task controlled by the boolean argument.
This function should have a descriptive name that indicates what it does.

For example, the following extensions are available on the Iterable interface:

fun <T, R> Iterable<T>.map(transform: (T) -> R): List<R>
fun <T, R : Any> Iterable<T>.mapNotNull(
    transform: (T) -> R?
): List<R>


Instead of the single method:

fun <T, R> Iterable<T>.map(
    includeNullResults: Boolean = true, 
    transform: (T) -> R
): List<R>


Another good approach could be to use an enum class to define different operation modes.
This approach is useful if there are several modes of operation, or if you expect these modes to change over time.

Use numeric types appropriately

Kotlin defines a set of numeric types that you may use as part of your API. Here's how to use them appropriately:


	Use the Int,Long and Double types as arithmetic types. They represent values with which calculations are performed.

	Avoid using arithmetic types for non-arithmetic entities. For example, if you represent an ID as a Long, your users
might be tempted to compare IDs, on the assumption they are assigned in order.
This could lead to unreliable or meaningless results, or create dependencies on implementations that could change without warning.
A better strategy is to define a specialized class for the ID abstraction. You could use Inline value classes to build such abstractions without affecting performance. See the  Duration class for an example.

	The Byte, Float and Short types are memory layout types. They are used to restrict the amount of memory available
for storing a value, such as in caches or when transmitting data over a network.
These types should only be used when the underlying data reliably fits within that type, and calculations are not required.

	The unsigned integer types UByte, UShort, UInt and ULong should be used to utilize the full range of positive
values available in a given format. They are suitable for scenarios requiring values beyond the range of signed types or
for interoperability with native libraries. However, avoid using them in situations where the domain only requires non-negative integers.



Next step

In the next part of the guide, you'll learn about consistency.

Proceed to the next part
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            Kotlin 2.1 的兼容性指南

Keeping the Language Modern and Comfortable Updates are among the fundamental principles in
Kotlin Language Design. The former says that constructs which obstruct language evolution should be removed, and the
latter says that this removal should be well-communicated beforehand to make code migration as smooth as possible.

While most of the language changes were already announced through other channels, like update changelogs or compiler
warnings, this document summarizes them all, providing a complete reference for migration from Kotlin 2.0 to Kotlin 2.1.

Basic terms

In this document we introduce several kinds of compatibility:


	source: source-incompatible change stops code that used to compile fine (without errors or warnings) from compiling
anymore

	binary: two binary artifacts are said to be binary-compatible if interchanging them doesn't lead to loading or
linkage errors

	behavioral: a change is said to be behavioral-incompatible if the same program demonstrates different behavior
before and after applying the change



Remember that those definitions are given only for pure Kotlin. Compatibility of Kotlin code from the other languages
perspective
(for example, from Java) is out of the scope of this document.

Language

Remove language versions 1.4 and 1.5


Issue: KT-60521

Component: Core language

Incompatible change type: source

Short summary: Kotlin 2.1 introduces language version 2.1 and removes support for language versions 1.4 and 1.5.
Language versions 1.6 and 1.7 are deprecated.

Deprecation cycle:


	1.6.0: report a warning for language version 1.4

	1.9.0: report a warning for language version 1.5

	2.1.0: report a warning for language versions 1.6 and 1.7; raise the warning to an error for language versions 1.4 and 1.5





Change the typeOf() function behavior on Kotlin/Native


Issue: KT-70754

Component: Core language

Incompatible change type: behavioral

Short summary: The behavior of the typeOf() function on Kotlin/Native is aligned with Kotlin/JVM
to ensure consistency across platforms. 

Deprecation cycle:


	2.1.0: align the typeOf() function behavior on Kotlin/Native





Prohibit exposing types through type parameters' bounds


Issue: KT-69653

Component: Core language

Incompatible change type: source

Short summary: Exposing types with lower visibility through type parameter bounds is now prohibited,
addressing inconsistencies in type visibility rules.
This change ensures that bounds on type parameters follow the same visibility rules as classes, preventing issues like IR validation errors in the JVM.

Deprecation cycle:


	2.1.0: report a warning for exposing types via type parameter bounds with lower visibility

	2.2.0: raise the warning to an error





Prohibit inheriting an abstract var property and a val property with the same name


Issue: KT-58659

Component: Core language

Incompatible change type: source

Short summary: If a class inherits an abstract var property from an interface and a val property with the same name from a superclass,
it now triggers a compilation error. This resolves runtime crashes caused by missing setters in such cases.

Deprecation cycle:


	2.1.0: report a warning (or an error in progressive mode) when a class inherits an abstract var property from an interface and a val property with the same name from a superclass

	2.2.0: raise the warning to an error





Report error when accessing uninitialized enum entries


Issue: KT-68451

Component: Core language

Incompatible change type: source

Short summary: The compiler now reports an error when uninitialized enum entries are accessed during enum class or entry initialization.
This aligns the behavior with member property initialization rules, preventing runtime exceptions and ensuring consistent logic.

Deprecation cycle:


	2.1.0: report an error when accessing uninitialized enum entries





Changes in K2 smart cast propagation


Issue: KTLC-34

Component: Core language

Incompatible change type: behavioral

Short summary: The K2 compiler changes its behavior for smart cast propagation by introducing bidirectional propagation of type
information for inferred variables, like val x = y. Explicitly typed variables, such as val x: T = y,
no longer propagate type information, ensuring stricter adherence to declared types.

Deprecation cycle:


	2.1.0: enable the new behavior





Correct the handling of member-extension property overrides in Java subclasses


Issue: KTLC-35

Component: Core language

Incompatible change type: behavioral

Short summary: The getter for member-extension properties overridden by Java subclasses is now hidden in the subclass's scope,
aligning its behavior with that of regular Kotlin properties.

Deprecation cycle:


	2.1.0: enable the new behavior





Correct visibility alignment for getters and setters of var properties overriding a protected val


Issue: KTLC-36

Component: Core language

Incompatible change type: binary

Short summary: The visibility of getters and setters for var properties overriding a protected val property is now consistent, with both inheriting the visibility of the overridden val property.

Deprecation cycle:


	2.1.0: enforce consistent visibility for both getters and setters in K2; K1 remains unaffected





Raise severity of JSpecify nullability mismatch diagnostics to errors


Issue: KTLC-11

Component: Core language

Incompatible change type: source

Short summary: Nullability mismatches from org.jspecify.annotations, such as @NonNull, @Nullable, and @NullMarked are now treated as errors instead of warnings,
enforcing stricter type safety for Java interoperability. To adjust the severity of these diagnostics, use the -Xnullability-annotations compiler option.

Deprecation cycle:


	1.6.0: report warnings for potential nullability mismatches

	1.8.20: expand warnings to specific JSpecify annotations, including: @Nullable, @NullnessUnspecified, @NullMarked, and legacy annotations in org.jspecify.nullness (JSpecify 0.2 and earlier)

	2.0.0: add support for the @NonNull annotation

	2.1.0: change default mode to strict for JSpecify annotations, converting warnings into errors; use -Xnullability-annotations=@org.jspecify.annotations:warning or -Xnullability-annotations=@org.jspecify.annotations:ignore to override the default behavior





Change overload resolution to prioritize extension functions over invoke calls in ambiguous cases


Issue: KTLC-37

Component: Core language

Incompatible change type: behavioral

Short summary: Overload resolution now consistently prioritizes extension functions over invoke calls in ambiguous cases.
This resolves inconsistencies in the resolution logic for local functions and properties. The change applies only after recompilation, without affecting precompiled binaries.

Deprecation cycle:


	2.1.0: change overload resolution to consistently prioritize extension functions over invoke calls for extension functions with matching signatures; this change applies only after recompilation and does not affect precompiled binaries





Prohibit returning nullable values from lambdas in SAM constructors of JDK function interfaces


Issue: KTLC-42

Component: Core language

Incompatible change type: source

Short summary: Returning nullable values from lambdas in SAM constructors of JDK function interfaces now triggers a compilation error if the specified type argument is non-nullable.
This resolves issues where nullability mismatches could lead to runtime exceptions, ensuring stricter type safety.

Deprecation cycle:


	2.0.0: report a deprecation warning for nullable return values in SAM constructors of JDK function interfaces

	2.1.0: enable the new behavior by default





Correct handling of private members conflicting with public members in Kotlin/Native


Issue: KTLC-43

Component: Core language

Incompatible change type: behavioral

Short summary: In Kotlin/Native, private members no longer override or conflict with public members in a superclass, aligning behavior with Kotlin/JVM.
This resolves inconsistencies in override resolution and eliminates unexpected behavior caused by separate compilation.

Deprecation cycle:


	2.1.0: private functions and properties in Kotlin/Native no longer override or affect public members in a superclass, aligning with JVM behavior





Forbid access to private operator functions in public inline functions


Issue: KTLC-71

Component: Core language

Incompatible change type: source

Short summary: Private operator functions such as getValue(), setValue(), provideDelegate(), hasNext(), and next() can no longer be accessed in public inline functions.

Deprecation cycle:


	2.0.0: report a deprecation warning for accessing private operator functions in public inline functions

	2.1.0: raise the warning to an error





Prohibit passing invalid arguments to invariant parameters annotated with @UnsafeVariance


Issue: KTLC-72

Component: Core language

Incompatible change type: source

Short summary: The compiler now ignores @UnsafeVariance annotations during type checks, enforcing stricter type safety for invariant type parameters.
This prevents invalid calls that rely on @UnsafeVariance to bypass expected type checks.

Deprecation cycle:


	2.1.0: activate the new behavior





Report nullability errors for error-level nullable arguments of warning-level Java types


Issue: KTLC-100

Component: Core language

Incompatible change type: source

Short summary: The compiler now detects nullability mismatches in Java methods where a warning-level
nullable type contains type arguments with stricter, error-level nullability.
This ensures that previously ignored errors in type arguments are reported correctly.

Deprecation cycle:


	2.0.0: report a deprecation warning for nullability mismatches in Java methods with stricter type arguments

	2.1.0: raise the warning to an error





Report implicit usages of inaccessible types


Issue: KTLC-3

Component: Core language

Incompatible change type: source

Short summary: The compiler now reports usages of inaccessible types in function literals and type arguments,
preventing compilation and runtime failures caused by incomplete type information.

Deprecation cycle:


	2.0.0: report warnings for function literals with parameters or receivers of inaccessible non-generic types and for types with inaccessible type argument; report errors for
function literals with parameters or receivers of inaccessible generic types and for types with inaccessible generic type arguments in specific scenarios

	2.1.0: raise warnings to errors for function literals with parameters and receivers of inaccessible non-generic types

	2.2.0: raise warnings to errors for types with inaccessible type arguments





Standard library

Deprecate locale-sensitive case conversion functions for Char and String


Issue: KT-43023

Component: kotlin-stdlib

Incompatible change type: source

Short summary: Among other Kotlin standard library APIs, locale-sensitive case conversion functions for Char and String, such as Char.toUpperCase() and String.toLowerCase(), are deprecated.
Replace them with locale-agnostic alternatives like String.lowercase() or explicitly specify the locale for locale-sensitive behavior, such as String.lowercase(Locale.getDefault()).

For a comprehensive list of deprecated Kotlin standard library APIs in Kotlin 2.1.0, see KT-71628.

Deprecation cycle:


	1.4.30: introduce locale-agnostic alternatives as experimental API

	1.5.0: deprecate locale-sensitive case conversion functions with a warning

	2.1.0: raise the warning to an error





Remove kotlin-stdlib-common JAR artifact


Issue: KT-62159

Component: kotlin-stdlib

Incompatible change type: binary

Short summary:  The kotlin-stdlib-common.jar artifact, previously used for legacy multiplatform declarations metadata, is deprecated and replaced by .klib files as the standard format for common multiplatform declarations metadata.
This change does not affect the main kotlin-stdlib.jar or kotlin-stdlib-all.jar artifacts.

Deprecation cycle:


	2.1.0: deprecate and remove kotlin-stdlib-common.jar artifact





Deprecate appendln() in favor of appendLine()


Issue: KTLC-27

Component: kotlin-stdlib

Incompatible change type: source

Short summary: StringBuilder.appendln() is deprecated in favor of StringBuilder.appendLine().

Deprecation cycle:


	1.4.0: the appendln() function is deprecated; report a warning on use

	2.1.0: raise the warning to an error





Deprecate freezing-related APIs in Kotlin/Native


Issue: KT-69545

Component: kotlin-stdlib

Incompatible change type: source

Short summary: Freezing-related APIs in Kotlin/Native, previously marked with the @FreezingIsDeprecated annotation, are now deprecated.
This aligns with the introduction of the new memory manager that removes the need for freezing objects for thread sharing.
For migration details, see the Kotlin/Native migration guide.

Deprecation cycle:


	1.7.20: deprecate freezing-related APIs with a warning

	2.1.0: raise the warning to an error





Change Map.Entry behavior to fail-fast on structural modification


Issue: KTLC-23

Component: kotlin-stdlib

Incompatible change type: behavioral

Short summary: Accessing a Map.Entry key-value pair after its associated map has been structurally modified now throws a ConcurrentModificationException.

Deprecation cycle:


	2.1.0: throw an exception when a map structural modification is detected





Tools

Deprecate KotlinCompilationOutput#resourcesDirProvider


Issue: KT-69255

Component: Gradle

Incompatible change type: source

Short summary: The KotlinCompilationOutput#resourcesDirProvider field is deprecated.
Use KotlinSourceSet.resources in your Gradle build script instead to add additional resource directories.

Deprecation cycle:


	2.1.0: KotlinCompilationOutput#resourcesDirProvider is deprecated





Deprecate registerKotlinJvmCompileTask(taskName, moduleName) function


Issue: KT-69927

Component: Gradle

Incompatible change type: source

Short summary: The registerKotlinJvmCompileTask(taskName, moduleName) function is deprecated
in favor of the new registerKotlinJvmCompileTask(taskName, compilerOptions, explicitApiMode) function, which now accepts KotlinJvmCompilerOptions.
This allows you to pass a compilerOptions instance, typically from an extension or target, with values used as conventions for the task's options.

Deprecation cycle:


	2.1.0: the registerKotlinJvmCompileTask(taskName, moduleName) function is deprecated





Deprecate registerKaptGenerateStubsTask(taskName) function


Issue: KT-70383

Component: Gradle

Incompatible change type: source

Short summary: The registerKaptGenerateStubsTask(taskName) function is deprecated.
Use the new registerKaptGenerateStubsTask(compileTask, kaptExtension, explicitApiMode) function instead.
This new version allows you to link values as conventions from the relevant KotlinJvmCompile task, ensuring both tasks are using the same set of options.

Deprecation cycle:


	2.1.0: the registerKaptGenerateStubsTask(taskName) function is deprecated





Deprecate KotlinTopLevelExtension and KotlinTopLevelExtensionConfig interfaces


Issue: KT-71602

Component: Gradle

Incompatible change type: behavioral

Short summary: KotlinTopLevelExtension and KotlinTopLevelExtensionConfig interfaces are deprecated in favor of a new KotlinTopLevelExtension interface.
This interface merges KotlinTopLevelExtensionConfig, KotlinTopLevelExtension, and KotlinProjectExtension
to streamline API hierarchy, and provide official access to the JVM toolchain and compiler properties.

Deprecation cycle:


	2.1.0: the KotlinTopLevelExtension and KotlinTopLevelExtensionConfig interfaces are deprecated





Remove kotlin-compiler-embeddable from build runtime dependencies


Issue: KT-61706

Component: Gradle

Incompatible change type: source

Short summary: The kotlin-compiler-embeddable dependency is removed from the runtime in Kotlin Gradle Plugin (KGP).
Required modules are now included directly in KGP artifacts, with the Kotlin language version limited to 2.0 to support compatibility with Gradle Kotlin runtime in versions below 8.2.

Deprecation cycle:


	2.1.0: report a warning on using kotlin-compiler-embeddable

	2.2.0: raise the warning to an error





Hide compiler symbols from the Kotlin Gradle Plugin API


Issue: KT-70251

Component: Gradle

Incompatible change type: source

Short summary: Compiler module symbols bundled within the Kotlin Gradle Plugin (KGP), such as KotlinCompilerVersion,
are hidden from the public API to prevent unintended access in build scripts.

Deprecation cycle:


	2.1.0: report a warning on accessing these symbols

	2.2.0: raise the warning to an error





Add support for multiple stability configuration files


Issue: KT-68345

Component: Gradle

Incompatible change type: source

Short summary: The stabilityConfigurationFile property in the Compose extension is deprecated
in favor of a new stabilityConfigurationFiles property, which allows specifying multiple configuration files.

Deprecation cycle:


	2.1.0: stabilityConfigurationFile property is deprecated





Remove deprecated platform plugin IDs


Issue: KT-65565

Component: Gradle

Incompatible change type: source

Short summary: Support for these platform plugin IDs have been removed:


	kotlin-platform-common

	org.jetbrains.kotlin.platform.common



Deprecation cycle:


	1.3: the platform plugin IDs are deprecated

	2.1.0: the platform plugin IDs are no longer supported
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            Google Summer of Code


	概述

	Google Summer of Code with Kotlin 2025↗︎

	Google Summer of Code with Kotlin 2024↗︎

	Google Summer of Code with Kotlin 2023↗︎
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🔗Google Summer of Code with Kotlin 2025


        

    



        
    



        

    
        Kotlin Slack 的行为准则与指南

        
            Kotlin Slack 的行为准则与指南

Kotlin Slack aims to be an inclusive space committed to providing a friendly, safe and welcoming environment for all, 
regardless of gender, sexual orientation, ability, ethnicity, socioeconomic status, and religion (or lack thereof).

For this to be the case, it is vital that we all follow a basic set of guidelines and most importantly, 
adhere to the code of conduct. 
As such, please make sure you read this Code of Conduct and Basic Usage Guidelines in its entirety. 
This isn't your regular License Agreement that you should scroll through and agree blindly.
It's here for a reason and also contains practical information.


	How to behave

	How not to behave

	How to report issues

	Moderators

	Basic usage guidelines

	Moderators

	Copyright



How to behave


	Participate in an authentic and active way. In doing so, you contribute to the health and longevity of this community.

	Exercise consideration, respect and empathy in your speech and actions.
Remember, we have all been through different stages of learning when adopting technologies. 

	Refrain from demeaning, discriminatory, or harassing behavior and speech.

	Disagreements on things are fine, argumentative behavior or trolling are not. 



How not to behave


	Do not perform threats of violence or use violent language directed against another person.

	Do not make jokes of sexist, racist, homophobic, transphobic, ableist or otherwise discriminatory nature,
or use language of this nature.

	Do not post or display sexually explicit or violent material.

	Do not post or threaten to post other people's personally identifying information ("doxing").

	Do not make personal insults, particularly those related to gender, sexual orientation, race, religion, or disability.

	Do not engage in sexual attention. This includes, sexualized comments or jokes and sexual advances.

	Do not advocate for, or encourage, any of the above behavior.



How to report issues

If someone is acting inappropriately or violating this Code of Conduct in any shape or form,
and they are not receptive to your feedback, or you prefer not to confront them, 
please get in touch with one of the Administrators. 
The main Administrators are Ilya Ryzhenkov (@orangy) and Hadi Hariri (@hhariri). 

Basic usage guidelines

There are over 50 000 users on many different timezones using the Kotlin Slack, and the number is growing rapidly.
The influx of messages per day and the numerous channels can lead to a lot of noise and little value in the long run.
If we all follow a set of guidelines, it can help make things more useful and bearable for everyone. 


	Please remember this is a Slack team for Kotlin. 
If you have generic questions that are about a technology (which may or may not be used with Kotlin),
maybe it's better to use another forum, such as StackOverflow. 

	This Slack is not an official support channel. It is a place where the community hangs out along with some members 
of the JetBrains and Kotlin team (suffix [JetBrains]).

	This Slack is not the best place for reporting bugs. For this, please use YouTrack.  

	Find the right channel to ask your question. There are channels for pretty much every topic. 

	New channels should be focused around a well-known technology or area of interest. Create them sparingly. 
And before requesting for a new channel, make sure it doesn't exist in any other shape or form. 
Ask an administrator to create a new channel on the #meta channel. 
If you do end up creating a channel, make sure you set the topic. 

	Please refrain from cross-posting the same message on multiple channels. It is considered spamming.

	When you ask a question, please be patient. Don't repeat it. Or at least not immediately.

	Please do not ping or mention someone directly to get your questions answered, especially project owners, 
whether the project is Kotlin or other, unless they specifically indicate that you can. 

	Don't split messages into multiple ones. Ask it all in a single message.

	Use code blocks. Don't paste code as plain text. Slack supports Kotlin markup. 
If the code you are pasting is longer than a few lines, use "Code or text snippet" available from + menu next to message input.
Only first few lines will be displayed to all users and people interested in the code can expand your code to look into details.

	While it's polite to say "Hi" or "I have a question" before asking something, it doesn't scale and leads to noise.
You can say hello in the same message you ask the question if you like.

	Using threads is not required, but do take into account that it does allow people to more easily follow conversations, 
especially those jumping in late.

	Use reactions to show gratitude as opposed to a message. It reduces the noise and gets the message across.

	Don't use reactions to tell people they're in the wrong place or asking the wrong question. 
If they're on the wrong channel, point them to the right one. If their question is badly worded, help them correct it.
Have empathy. 

	Take into account cultural differences. As they say, what the British say isn't what the British mean. 
Remember this both as the receiver and producer of messages.  

	Don't create integrations with Slack. Given this is running on the free tier, 
the number is limited, and thus it won't be approved.

	@channel, @here and other forms of notifications are disabled, even if you own a channel 
(unfortunately, Slack doesn't allow fine-grained permissions).

	Use the #meta channel if you're unsure about how to do something.  



Moderators

A moderator is a member of the Kotlin Slack community
who volunteers to keep the kotlinlang Slack a safe and welcoming place for other members.
Moderators are approved by kotlinlang Slack administrators.
Their responsibilities and the guidelines they follow are described below.

Responsibilities


	Monitor Slack channels to ensure compliance with the Code of Conduct.

	Help community members follow the rules.

	If a channel has additional rules, ensure these are visible and up to date.

	Monitor the #reports and #meta channels.

	Participate in the private #moderators channel.



Guidelines


	Moderators communicate in a friendly manner and do their best to help other community members.

	Any changes suggested by a moderator should be discussed by all moderators and administrators before coming into effect.



Process


	Each moderator oversees at least one channel, or more if possible.

	When moderators notice inappropriate behavior,
they explain the rules and guidelines to the members and help figure out how to correct the unwanted behavior.
If the unwanted behavior persists, moderators report the case to administrators for further actions.
In the case of obvious and/or particularly blatant violations, offending members can be reported immediately.

	To set up or update a channel's rules, the moderator initiates a change proposal and discusses it with the appropriate community members.

	Communication regarding moderation takes place in the private #moderators channel.

	If community members notice that a moderator is ignoring their responsibilities (or engaging in any unwanted behavior),
they can alert administrators.



Moderator status acquisition and revocation process


	Any member is welcome to apply to be a moderator once they have been in the Slack community for longer than 6 months.

	Moderator status is provided based upon the decision of the administrators.

	Moderator status can be revoked if (this list is not exhaustive and can be updated on a case-by-case basis):
	A moderator ignores their responsibilities, which leads to issues in a channel.

	A moderator violates these guidelines.   







The list of moderators

At the moment we have 17 confirmed moderators, and they will be responsible for observing a total of 64 channels.
For all other channels, if any issues arise, members can ping any of the moderators or admins directly,
or they can post a message in #meta.


	Alexander Nozik    (@altavir) – #mathematics, #science, #datascience, #education

	Anderson Lameck    (@andylamax) – #coroutines, #kotlin-native, #webassembly, #serialization, #random, #javascript, #react

	Andrey Mischenko    (@gildor) – #coroutines, #android, #gradle, #multiplatform, #getting-started, #kotlin-asia, #singapore

	Eric Ampire    (@Eric Ampire) – #events

	Holger Steinhauer    (@Holger Steinhauer) – #fosdem, #berlin, #vkug, #german-lang, #server

	Louis CAD    (@louiscad) – #coroutines, #android

	Magda Miu (@Magda Miu) – #android, #100daysofkotlin

	Maryam Alhuthayfi (@Maryam Alhuthayfi) – #compose, #books, #ksp, #eap, #dagger, and #kontributors.

	Nicola Corti    (@gammax) – #feed, #detekt, #appintro, #chucker, #fosdem, #london, #berlin, #hamburg, #sweden, #ktlint, kug-leads, #kotlinconf, #koin, #koin-dev, #spek, #vkug
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