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内容概要

• 认识 Kotlin 元编程

• Kotlin 注解处理器 (KAPT) 存在的问题

• Kotlin 符号处理器 (KSP) 有哪些优势

• 如何从 KAPT 迁移至 KSP



什么是元编程 Meta Programming

• 元编程：编写以程序作为数据的程序

• 编译器、链接器、解释器、调试工具、程序分析工具等等

• 编译时处理源码、中间代码以生成或修改源码、中间代码的程序

• 运行时读取类、函数的数据以执行某种动态逻辑的程序

• 内省：运行时读取程序自身信息

• 反射：运行时读取程序自身信息并修改其结构和行为



什么时候需要元编程？

• 当我们写了很多模板代码的时候

• 当我们写了很多重复代码的时候

• 当我们想要隐藏一些实现细节的时候

• 当我们想要创造语法糖的时候

• ……



data class District(var name: String)

data class Location(var lat: Double, var lng: Double)

data class Company(
var name: String, 
var location: Location, 
var district: District

)

data class Speaker(var name: String, var age: Int, var company: Company)

data class Talk(var name: String, var speaker: Speaker)



fun Talk.deepCopy(
name: String = this.name, 
speaker: Speaker = this.speaker)

: Talk = Talk(name, speaker.deepCopy()) 

fun Speaker.deepCopy(
name: String = this.name,
age: Int = this.age,
company: Company = this.company

): Speaker = Speaker(name, age, company.deepCopy()) 

fun Company.deepCopy(
name: String = this.name,
location: Location = this.location,
district: District = this.district

): Company = Company(name, location.deepCopy(), district.deepCopy()) 

fun Location.deepCopy(
lat: Double = this.lat,
lng: Double = this.lng

): Location = Location(lat, lng)

fun District.deepCopy(
name: String = this.name

): District = District(name) 



Kotlin 元编程的常见实现手段

• Kotlin 反射/Java 反射

• Kotlin 注解处理器 (Kotlin Annotation Processor Tool，KAPT)*

• Kotlin 符号处理器 (Kotlin Symbol Processing，KSP)

• Kotlin 编译器插件 (Kotlin Compiler Plugin，KCP)

*KAPT 是基于 Java 注解处理器实现的 Kotlin 编译器插件



Kotlin 编译器插件：我们究竟在期待什么？

https://www.bilibili.com/video/BV1Tf4y157ku/
https://www.bilibili.com/video/BV1Tf4y157ku/


Kotlin 注解处理器 (KAPT) 存在的问题



data class Company(
var name: String, 
var location: Location, 
var district: District

)

fun Company.deepCopy(
name: String = this.name,
location: Location = this.location,
district: District = this.district

): Company = Company(
name, location.deepCopy(), district.deepCopy()

) 



KAPT 的工作机制

生成 Java Stubs

APT 生成源码

build/tmp/kapt3/stubs

Java 源码

Kotlin 源码



KAPT 是 Java 视角

• 如何判断类型是否为 data class？

• 如何获取 data class 对应的构造器以及其参数？



Kotlin 的类信息
public annotation class Metadata(

@get:JvmName("k")
val kind: Int = 1,
@get:JvmName("mv")
val metadataVersion: IntArray = [],
@get:JvmName("d1")
val data1: Array<String> = [],
@get:JvmName("d2")
val data2: Array<String> = [],
@get:JvmName("xs")
val extraString: String = "",
@get:JvmName("pn")
val packageName: String = "",
@get:JvmName("xi")
val extraInt: Int = 0

)



Kotlin 的类信息

@Metadata(
mv = {1, 4, 3},
bv = {1, 0, 3},
k = 1,
d1 = {“\u0000(\n\u0002……"},
d2 = {
"Lcom/bennyhuo/kotlin/deepcopy/sample/Talk;", 
"", 
"name",
"...",

}
)



message Class {
enum Kind {

// 3 bits
CLASS = 0;
INTERFACE = 1;
ENUM_CLASS = 2;
ENUM_ENTRY = 3;
ANNOTATION_CLASS = 4;
OBJECT = 5;
COMPANION_OBJECT = 6;

}

/*
hasAnnotations
Visibility
Modality
ClassKind
isInner
isData
isExternal
isExpect
isInline
isFun

*/
optional int32 flags = 1 [default = 6 /* public final class, no annotations */];

required int32 fq_name = 3 [(fq_name_id_in_table) = true];



repeated int32 nested_class_name = 7 [packed = true, (name_id_in_table) = true];

repeated Constructor constructor = 8;
repeated Function function = 9;
repeated Property property = 10;
repeated TypeAlias type_alias = 11;

repeated EnumEntry enum_entry = 13;

repeated int32 sealed_subclass_fq_name = 16 [packed = true, (fq_name_id_in_table) = true];

optional int32 inline_class_underlying_property_name = 17 [(name_id_in_table) = true];

optional Type inline_class_underlying_type = 18;
optional int32 inline_class_underlying_type_id = 19 [(type_id_in_table) = true];

optional TypeTable type_table = 30;

// Index into the VersionRequirementTable
repeated int32 version_requirement = 31;

optional VersionRequirementTable version_requirement_table = 32;

extensions 100 to 18999;
}



Kotlin 官方用于解析 Metadata 的库

api("org.jetbrains.kotlinx:kotlinx-metadata-jvm:0.3.0")



open class KmTypeVisitorImpl(...) :KmTypeVisitor() {

private var name: ClassName = ""

private var isReified = true

val rawType: TypeName by lazy {
...

}

val type: TypeName by lazy {
...

}

val wildcardTypeName by lazy {
...

}

override fun visitAbbreviatedType(flags: Flags): KmTypeVisitor? {
return KmTypeVisitorImpl(flags, typeParametersInContainer, parent = this).also {

abbreviatedTypeVisitor = it
}

}

override fun visitArgument(flags: Flags, variance: KmVariance): KmTypeVisitor? {
return ...

}



override fun visitArgument(flags: Flags, variance: KmVariance): KmTypeVisitor? {
return ...

}

override fun visitClass(name: ClassName) {
super.visitClass(name)
this.name = name

}

override fun visitStarProjection() {
super.visitStarProjection()
typeParameters += KmTypeVisitorImpl(0, typeParametersInContainer, parent = this).also {

it.visitClass("*")
it.isReified = false

}
}

override fun visitTypeAlias(name: ClassName) {
super.visitTypeAlias(name)
this.name = name

}

override fun visitTypeParameter(id: Int) {
super.visitTypeParameter(id)
this.name = typeParametersInContainer[id].name
this.isReified = false

}
}



获取 data class 的信息
class KClassMirror(kotlinClassMetadata: KotlinClassMetadata.Class) {

data class Component(val name: String, val type: TypeName) {
val typeElement: KTypeElement? by lazy {

KTypeElement.from(type)
}

}

var isData: Boolean = false
private set

val components = mutableListOf<Component>()

val typeParameters = mutableListOf<KmTypeParameterVisitorImpl>()

...
}



KAPT 处理 Kotlin 源码存在的问题

• 实现复杂，需要手动解析 Kotlin 类信息

• 编译耗时，KAPT 需将 Kotlin 类转成 Java Stubs

• 只支持 Kotlin-JVM



KAPT

KAPT 的本质
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为什么要迁移至 Kotlin 符号处理器(KSP)



KSP 是什么

• Kotlin Symbol Processing API by Google

@DeepCopy

data class Company(

var name: String,

var location: Location,

var district: District

)

https://github.com/google/ksp


KSP 也是 Kotlin 编译器插件
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KSP



KSP 优势(1)：省去生成 Java Stubs 的耗时

生成 Java Stubs APT 生成源码



KSP 的主要类型



KSP 的主要类型



KSP 的主要类型



示例：



KSP 优势(2)：直接提供 Kotlin 的符号信息

api("org.jetbrains.kotlinx:kotlinx-metadata-jvm:0.3.0")



data class Company(
var name: String, 
var location: Location, 
var district: District

)

fun Company.deepCopy(
name: String = this.name,
location: Location = this.location,
district: District = this.district

): Company = Company(
name, location.deepCopy(), district.deepCopy()

) 

平台无关



KSP 优势(3)：支持 Kotlin 多平台

function deepCopy($receiver, name, location, district) {
if (name === void 0)
name = $receiver.name;

if (location === void 0)
location = $receiver.location;

if (district === void 0)
district = $receiver.district;

return new Company(name, deepCopy_1(location), deepCopy_0(district));
}

sample.js

public fun Company.deepCopy(
name: String = this.name,
location: Location = this.location,
district: District = this.district

): Company = Company(name, 
location.deepCopy(), district.deepCopy()) 

Company$$DeepCopy.kt



Java Annotation 简史

• JSR 175: A Metadata Facility for the Java. (Java 5, Annotations)

• JSR 269: Support for pluggable annotations. (Java 6, APT)

• JSR 308, JEP 104: Annotation on Java types. (Java 8)

• JSR 337, JEP 120: Repeating annotations. (Java 8)

—— APT 集成在 Java 编译器当中发布，鲜有更新

https://www.jcp.org/en/jsr/detail?id=175
https://www.jcp.org/en/jsr/detail?id=269
https://www.jcp.org/en/jsr/detail?id=308
https://openjdk.java.net/jeps/104
https://www.jcp.org/en/jsr/detail?id=337
https://openjdk.java.net/jeps/120






KSP 优势(4)：社区活跃，未来可期



Kotlin 元编程的几种方案对比

Reflection KAPT KSP KCP

运行时 慢 无 无 无

编译时 无 需解析 metadata 基于 Kotlin AST 基于 Kotlin AST

复杂度 较低 中 中 较高

主要场景 提供动态能力 生成源码 生成源码 生成、修改 IR

现状 稳定 稳定 1.0 实验

多平台 JVM + JS 只 JVM 全部 全部
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如何迁移至 Kotlin 符号处理器(KSP)









处理器上下文

KAPT

KSP

ProcessingEnvironment

RoundEnvironment

SymbolProcessorEnvironment

Resolver



env.getElementsAnnotatedWith(<AnnotationType>)
.filterIsInstance<TypeElement>()
.forEach { element ->
val type = element.asType()
...

}

resolver.getSymbolsWithAnnotation(<AnnotationClassName>)
.filterIsInstance<KSClassDeclaration>()
.forEach { declaration ->
val type = declaration.asStarProjectedType()

}

KAPT

KSP

读取被标注的类型



val types: Types = ...
val elements: Elements = ...

val element = elements.getTypeElement("...")

val resolver: Resolver = ...

val declaration = resolver.getClassDeclarationByName("...")

KAPT

KSP

通过类名获取类定义



val types: Types = ...
val elements: Elements = ...

fun TypeMirror.erasure() = types.erasure(this)

fun TypeMirror.isSubTypeOf(className: String): Boolean {
val type = elements.getTypeElement(className)
?.asType() ?: return false

return types.isSubtype(this.erasure(), type.erasure())
}

val resolver: Resolver = ...

fun KSType.isSubTypeOf(typeName: String): Boolean {
return resolver.getClassDeclarationByName(typeName)
?.asStarProjectedType()
?.isAssignableFrom(this) == true

}

KAPT

KSP

判断类型继承关系



val config = element.getAnnotation(DeepCopyConfig::class.java)

val classes = config.values

val config = declaration

.getAnnotationsByType(DeepCopyConfig::class)

.first()

val classes = config.values

KAPT

KSP

获取注解实例

annotation class DeepCopyConfig(val values: Array<KClass<*>> = [])



KotlinPoet 的扩展支持

KAPT

KSP

@KotlinPoetKspPreview

public fun KSType.toTypeName(

typeParamResolver: TypeParameterResolver = ...

): TypeName {

...

}

public fun TypeMirror.asTypeName(): TypeName 

= TypeName.get(this, mutableMapOf())

implementation("com.squareup:kotlinpoet-ksp:1.10.0")



filer.createResource(

StandardLocation.SOURCE_OUTPUT, 

packageName, name + ".kt"

).openWriter().use { 

...

}

codeGenerator.createNewFile(dependencies, packageName, name)

.writer().use { 

...

}

KAPT

KSP

生成文件



KAPT 增量编译

com.bennyhuo.kotlin.deepcopy.compiler.DeepCopyProcessor,aggregating

FileObject createResource(JavaFileManager.Location location,
CharSequence moduleAndPkg,
CharSequence relativeName,
Element... originatingElements);

Filer

val functionBuilder = FunSpec.builder("deepCopy")
.addOriginatingElement(typeElement)

fileSpecBuilder.addFunction(functionBuilder.build()).build()
.writeTo(filer)



KSP 增量编译

functionBuilder.addOriginatingKSFile(it)

fileSpecBuilder.addFunction(functionBuilder.build()).build()
.writeTo(environment.codeGenerator, aggregating = false)

class Dependencies private constructor(
val isAllSources: Boolean,
val aggregating: Boolean,
val originatingFiles: List<KSFile>

) { ... }



isolating vs aggregating

Source.kt Generate.kt

SourceA.kt

Generate.ktSourceB.kt

SourceC.kt

isolating

aggregating



迁移 KSP 的几点注意事项



KSP 程序源码尽量迁移至 Kotlin

• KSP 的 API 对于 Java 不友好，最好使用 Kotlin 编写

Java

Kotlin



尽量生成 Kotlin 源码

• JavaPoet 没有提供对 KSP 的支持

• KSP 不太容易区分 Java 基本类型（例如：int.class/Integer.class）







DeepCopy 项目地址

• https://github.com/bennyhuo/KotlinDeepCopy

https://github.com/bennyhuo/KotlinDeepCopy


思考：还有没有其他路可以走？



Feature request: Support KSP #4492

bumptech/glide

https://github.com/bumptech
https://github.com/bumptech/glide


KAPT KSP

Processors Processors



KAPT KSP

???

Processors



KAPT KSP

X-Processing

Room Processor
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