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ͤ>ƧƉƫƫ- platform, statically typed, general - purpose 
ƣƧƉŕƧĔŽŽŠƀŕ ŵĔƀŕƻĔŕĿͅ œƻŵŵǖ ŠƀƴĿƧƉƣĿƧĔĮŵĿ ǐŠƴŜ }ĔǏĔ͋ͥ
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Why Kotlin?

Tͤo create a better language than Java ͋ͥ

Andrey Breslav - Lead Language Designer

CONCISE SAFE INTEROPERABLE RICH FEATURES
7
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March 2019 Language Ratings

1 Java 14.880%

2 C 13.305%

3 Python 8.262%

͆

16 Groovy 1.178%

͆

28 Scala 0.467%

͆

39 Kotlin 0.288%

͆

62 Clojure n/a
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.kt source

bytecode

Kotlin compiler

Dalvik

ART
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Null Safety
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(1) NOT NULLABLE

var <notNullVar >: Type = Value

lateinit var <notNullVar >: Type = Value

READ <notNullVar >

14
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var notNullString : String = ñconferenceò

return notNullString . length
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var notNullString : String = ñconferenceò

return notNullString . length

String notNullString = ñconferenceò;

return notNullString .length ();

GENERATED CODE

SOURCE CODE

16
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lateinit var lateInitString : String

// ... optional initializer ...

return lateInitString . length
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lateinit var lateInitString : String

// ... optional initializer ...

return lateInitString . length

if ( lateInitString == null ) {

Intrinsics.throwUninitializedPropertyAccessException (ñ...ò);

}

return lateInitString .length ();

SOURCE CODE

GENERATED CODE

18
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(2) NULLABLE

var <maybeNullVar >: Type ? = Value

READ <maybeNullVar >? // NULL safety

READ <maybeNullVar >!! // throws NULL

19
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var maybeNullString : String ? = initString () // possible NULL

return maybeNullString ?. length

NULL safety operator

20
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var maybeNullString : String ? = initString () // possible NULL

return maybeNullString ?. length

String var10000 = maybeNullString ;

return var10000 != null ? var10000.length() : null;

NULL safety operator

GENERATED CODE

SOURCE CODE

21
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var maybeNullString : String ? = initString () // possible NULL

return maybeNullString !! . length

Double - bang operator

22
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var maybeNullString : String ? = initString () // possible NULL

return maybeNullString !! . length

if ( maybeNullString == null) {

Intrinsics. throwNpe ();

}

return maybeNullString .length ();

GENERATED CODE

Double - bang operator

SOURCE CODE

23
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@Benchmark

fun notNull (): Int {

return notNullString . length ;       // ñconferenceò.length

}

@Benchmark

fun lateInit (): Int {

return lateInitString . length ; // ñconferenceò.length

}

@Benchmark

fun maybeNull (): Int ? {

return maybeNullString ?. length ; // ñconferenceò.length

}

24
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Average Time (ns/op)

notNull 2.895 ± 0.202

lateInit 2.844 ± 0.163

maybeNull 3.793 ± 0.577

25

Java Runtime Environment 11.0.2+9-LTS
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fun notNull (): Int { ... }

fun lateInit (): Int { ... }

fun maybeNull (): Int ? { ... }

public final int notNull () { ... }

public final int lateInit () { ... }

public final Integer maybeNull ()  { ... }

GENERATED CODE

SOURCE CODE

27
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public final Integer maybeNull () { // Kotlin decompiled

String var10000 = this . maybeNullString ;

return var10000 != null ? var10000.length() : null ;

}            intInteger

28
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public final Integer maybeNull () { // Kotlin decompiled

String var10000 = this . maybeNullString ;

return var10000 != null ? var10000.length() : null ;

}            intInteger
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NULLABLE REFERENCES œƉƧ ͤprimitive wrappers ͥ ͙Ŀ͋ŕ͋ oƀƴ͚͌ 
prevents Kotlin compiler to desugar ƴŜĿŽ ŠƀƴƉ ͤJava primitive ͥ 
value types (e.g. int). 
As a side effect, it increases the performance penalty due 
additional boxing effect!

NOT NULLABLE REFERENCES œƉƧ ͤprimitive wrappers ͥ ĔƧĿ 
desugared Įǖ  ƉƴŵŠƀ ıƉŽƣŠŵĿƧ ŠƀƴƉ ͤJava primitives ͇ͥ
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Elvis Operator
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@Benchmark

fun elvis (): Int? {

return outer ?. nested ?. inner ?. value ?: aCustomValue ;

}

Outer Nested Inner

+ value : Int

1 1

Elvis operator

35
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public final Integer elvis () { // Kotlin decompiled

if ( outer != null ) {

Nested var1 = outer. getNested ();

if ( var1 != null ) {

Inner var2 = var1. getInner ();

if ( var2 != null ) {

Integer var3 = var2. getValue ();

if ( var3 != null ) {

return var3;

}

}

}

}

return aCustomValue ;

}

36
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Average Time (ns/op)

Elvis operator 4.154 ± 0.205

Optional 4.201 ± 0.235

No significant difference in performance. 
Optional is slightly slower due to extra INVOKESTATIC calls (e.g. ofNullable ()).

37
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public final Integer elvis () // assembly based on Kotlin source

mov    ecx,DWORD PTR [rbp+0x14]          ; * getfield outer

mov    r10d,DWORD PTR [r12+rcx*8+0xc]    ; * getfield nested

; implicit exception

mov    r11d,DWORD PTR [r12+r10*8+0xc]    ;* getfield inner

; implicit exception

mov    ecx,DWORD PTR [r12+r11*8+0xc]     ; * getfield value

; implicit exception

mov    ebp,DWORD PTR [r12+rcx*8+0xc]     ;* getfield value

; - java.lang.Integer ::intValue@1

; implicit exception

38
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String 
Interpolation
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" $shape area is ${ length * width } $ unit "

" $quantity kilogram of $fruits costs $price $currency "

String interpolation evaluates a literal and replaces the placeholders by values. 
ÚƴƧŠƀŕ ŠƀƴĿƧƣƉŵĔƴŠƉƀ ί ǏĔƧŠĔĮŵĿ ŠƀƴĿƧƣƉŵĔƴŠƉƀ ί ǏĔƧŠĔĮŵĿ ƫƻĮƫƴŠƴƻƴŠƉƀ
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" $shape area is ${ length * width } $ unit "

" $quantity kilogram of $fruits costs $price $currency "

shape + " area is " + length * width + ' ' + unit

quantity + " kilogram of " +  fruits + " costs " + price + ' ' + 

currency

GENERATED CODE

SOURCE CODE

41
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" $shape area is ${ length * width } $ unit ò // Java 8 bytecode

GETFIELD shape : LString ; 

INVOKEVIRTUAL StringBuilder.append ( LString ;) LStringBuilder ;

LDC " area is " 

INVOKEVIRTUAL StringBuilder.append ( LString ;) LStringBuilder ;

GETFIELD length : D

GETFIELD width : D

DMUL

INVOKEVIRTUAL StringBuilder.append (D) LStringBuilder ;

BIPUSH 32 ;  space

INVOKEVIRTUAL StringBuilder.append (C) LStringBuilder ;

GETFIELD unit : LString ;

INVOKEVIRTUAL StringBuilder.append ( LString ;) LStringBuilder ;

42
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" $shape area is ${ length * width } $ unit ò // Java 8 bytecode

GETFIELD shape : LString ; 

INVOKEVIRTUAL StringBuilder.append ( LString ;) LStringBuilder ;

LDC " area is " 

INVOKEVIRTUAL StringBuilder.append ( LString ;) LStringBuilder ;

GETFIELD length : D

GETFIELD width : D

DMUL

INVOKEVIRTUAL StringBuilder.append (D) LStringBuilder ;

BIPUSH 32 ;  space

INVOKEVIRTUAL StringBuilder.append (C) LStringBuilder ;

GETFIELD unit : LString ;

INVOKEVIRTUAL StringBuilder.append ( LString ;) LStringBuilder ;

Kotlin compiler relies on StringBuilder to 
handle String interpolation !

43
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@Benchmark

fun shapeArea (): String {

return " ${ shape } area is ${ length * width } $ unit "

}

@Benchmark

fun fruitsPrice (): String {

return " $quantity kilogram of $fruits costs $price $currency "

}

44
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Average Time (ns/op)

shapeArea fruitsPrice

76.330 ± 4.574 126.436 ± 6.504

62.774 ± 4.691 91.004 ± 4.828

}ĔǏĔ ĮĿƀıŜŽĔƧŲ ƻƫĿƫ ͤ+ͥ ƉƣĿƧĔƀķ œƉƧ ÚƴƧŠƀŕ ıƉƀıĔƴĿƀĔƴŠƉƀͅ ƫŠŽŠŵĔƧ ƴƉ ǐŜĔƴ  ƉƴŵŠƀ 
decompiled code looks like.

45
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" $shape area is ${ length * width } $ unit ò // Java 11 bytecode

GETFIELD shape : LString ;

GETFIELD length : D

GETFIELD width : D

DMUL

GETFIELD unit : LString ;

INVOKEDYNAMICmakeConcatWithConstants ( LString;DLString ;) LString ; [

// handle kind 0x6 : INVOKESTATIC

invoke/ StringConcatFactory.makeConcatWithConstants (

Linvoke / MethodHandles$Lookup;LString;Linvoke / MethodType;LString ;[ LObject ;

) Linvoke / CallSite ;

// arguments:

" \ u0001 area is \ u0001 \ u0001 "

]

47
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" $shape area is ${ length * width } $ unit ò // Java 11 decompiled

GETFIELD shape : LString ;

GETFIELD length : D

GETFIELD width : D

DMUL

GETFIELD unit : LString ;

INVOKEDYNAMICmakeConcatWithConstants ( LString;DLString ;) LString ; [

// handle kind 0x6 : INVOKESTATIC

invoke/ StringConcatFactory.makeConcatWithConstants (

Linvoke / MethodHandles$Lookup;LString;Linvoke / MethodType;LString ;[ LObject ;

) Linvoke / CallSite ;

// arguments:

" \ u0001 area is \ u0001 \ u0001 "

]

Starting JDK 9 (i.e. JEP 280: Indify String 
Concatenation ), Java replaces String 

concatenation bytecode sequence (i.e. 
StringBuilder ) by INVOKEDYNAMIC

48
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Kotlin compiler generates Java 8 compliant bytecode, 
hence it cannot take advantage of latest bytecode 
improvements added starting Java 9. 
E.g.

JEP 280: Indify String Concatenation (JDK9)
JEP 309: Dynamic Class - File Constants (JDK11)
JEP 181: Nest- Based Access Control (JDK11)

49
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[data] Classes 
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class Conference(

val name: String, // not nullable

val city : String ?, // nullable

val year : Int // not nullable

)

51
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class Conference(

val name: String, // not nullable

val city : String ?, // nullable

val year : Int // not nullable

)

final class Conference = {

fields, getters, constructor

}

52
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public final class Conference { // Kotlin decompiled

@NotNull

private final String name;

@Nullable

private final String city ;

private final int year ;     <- converted to primitive

@NotNull

public final String getName () { /*...*/  }

@Nullable

public final String getCity () { /*...*/ }

public final int getYear () { /*...*/ }

public Conference(@ NotNull String name, String city, int year) {

Intrinsics.checkParameterIsNotNull (name, "name" );

super ();

// ...

}

}

53
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public final class Conference { // Kotlin decompiled

@NotNull

private final String name;

@Nullable

private final String city;

private final int year; < - converted to primitive

@NotNull

public final String getName () { /*...*/ }

@Nullable

public final String getCity () { /*...*/ }

public final int getYear () { /*...*/ }

public Conference(@ NotNull String name, String city, int year) {

Intrinsics.checkParameterIsNotNull (name, "name" );

super ();

// ...

}

}
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public final class Conference { // Kotlin decompiled

@NotNull

private final String name;

@Nullable

private final String city;

private final int year; < - converted to primitive

@NotNull

public final String getName () { /*...*/  }

@Nullable

public final String getCity () { /*...*/ }

public final int getYear () { /*...*/ }

public Conference( @NotNull String name, String city , int year ) {

Intrinsics.checkParameterIsNotNull ( name, "name" );

super ();

// ... setters ...

}

}

55
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data class Talk(

val name: String,      // not nullable

val rating : Double ?    // nullable

)

56
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data class Talk(

val name: String,      // not nullable

val rating : Double ?    // nullable

)

final class Talk = {

fields, getters, constructor, 

component functions, copy, synthetic copy,

toString , equals, hashCode

}

57
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public final class Talk { // Kotlin decompiled

@NotNull

public final String component1() { return this. name; }

@Nullable

public final Double component2() { return this. rating ; }

@NotNull

public final Talk copy(@ NotNull String name, 

@Nullable Double rating) {

Intrinsics.checkParameterIsNotNull (name, "name" );

return new Talk(name, rating);

}

@NotNull // $FF: synthetic method

public static Talk copy$default (Talk var0, 

String name, Double rating, 

int var3, Object var4) {

if ((var3 & 1) != 0) { name = var0.name; }

if ((var3 & 2) != 0) { rating = var0.rating; }

return var0.copy(name, rating); }

}

58
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public final class Talk { // Kotlin decompiled
@NotNull

public final String component1() { r eturn this .name; }

@Nullable

public final Double component2() { return this .rating ; }

@NotNull

public final Talk copy( @NotNull String name, 

@Nullable Double rating ) {

Intrinsics.checkParameterIsNotNull ( name, "name" );

return new Talk( name, rating );

}

@NotNull // $FF: synthetic method

public static Talk copy$default (Talk var0, 

String name, Double rating, 

int var3, Object var4) {

if ((var3 & 1) != 0) { name = var0.name; }

if ((var3 & 2) != 0) { rating = var0.rating; }

return var0.copy(name, rating); }

}

59
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public final class Talk { // Kotlin decompiled
@NotNull

public final String component1() { r eturn this .name; }

@Nullable

public final Double component2() { return this .rating ; }

@NotNull

public final Talk copy(@ NotNull String name, 

@Nullable Double rating) {

Intrinsics.checkParameterIsNotNull (name, "name" );

return new Talk(name, rating);

}

@NotNull // $FF: synthetic method

public static Talk copy$default ( Talk var0 , 

String name, Double rating , 

int var3 , Object var4 ) {

if (( var3 & 1) != 0) { name = var0 . name; }

if (( var3 & 2) != 0) { rating = var0 . rating ; }

return var0.copy ( name, rating ); }

}
60calls the user defined function
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val talk = Talk( "Kotlin under the hood" , 10.0 )

val talkCopyV1 = talk.copy ( name = "C++" , rating = 9.5 )

61
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val talk = Talk( "Kotlin under the hood" , 10.0 )

val talkCopyV1 = talk.copy ( name = "C++" , rating = 9.5 )

Talk talkCopyV1 = talk. copy ( "C++" , 9.5D );

62
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val talk = Talk( "Kotlin under the hood" , 10.0 )

val talkCopyV1 = talk.copy (name = "C++" , rating = 9.5)

val talkCopyV2 = talk.copy ()

val talkCopyV3 = talk.copy ( name = "C++" )

val talkCopyV4 = talk.copy ( rating = 9.5 )

Talk talkCopyV1 = talk. copy ( "C++" , 9.5D );

Talk talkCopyV2 = Talk. copy$default (talk, null,  null, 3, null);

Talk talkCopyV3 = Talk. copy$default (talk, "C++" , null, 2, null);

Talk talkCopyV4 = Talk. copy$default (talk, null,  9.5D , 1, null);

63
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val talk = Talk( "Kotlin under the hood" , 10.0 )

// Destructuring declarations

val (name, rating) = talk        // or a function return

64
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val talk = Talk( "Kotlin under the hood" , 10.0 )

// Destructuring declarations

val (name, rating) = talk        // or a function return

String name = talk. component1 ();

Double rating = talk. component2 ();

65
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Extension 
Functions
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<accessModifier > fun ReceiverType . <funcName >(): ReturnType {

// ... body ...

}

Extension functions extend a class with new functionality without having to inherit 
from the class or use any type of design pattern such as Decorator.

67
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// ExtensionFunction.kt file

public fun String .wrap (): String = "< $this >"
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// ExtensionFunction.kt file

public fun String .wrap (): String = "< $this >"

"Welcome to Java Conference" . wrap ()

69
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// ExtensionFunction.kt file

public fun String .wrap (): String = "< $this >"

"Welcome to Java Conference" . wrap ()

public final class ExtensionFunctionKt {

public static final String wrap(@ NotNull String $receiver) {

return "< " + $receiver + " >";

}

wrap ("Welcome to Java Conference");

}

70
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Default 
Arguments
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<accessModifier > fun <funcName >(

<param1 >: Type,

<param2 >: Type = defaultValue ,

<param3 >: Type = defaultValue ): ReturnType {

// ... body ...

}

Function parameters can have default values, which are used when a corresponding 
argument is omitted.

72
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private fun expression (

value : Int, 

factor : Int = 1 , 

delta : Int = 0 ): Int 

= value * factor + delta

73
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private fun expression (

value : Int, 

factor : Int = 1 , 

delta : Int = 0 ): Int 

= value * factor + delta

private final int expression( ... ) { ... }

// $FF: synthetic method

static int expression$default ( ... ) { ... }

74
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// $FF: synthetic method added by Kotlin compiler

static int expression$default (

DefaultArguments var0 ,               // enclosing instance

int value , int factor , int delta ,    // user defined parameters

int var4 , Object var5 ) {

if ( var5 != null ) {

throw new UnsupportedOperationException ( "..." );

} else {

if (( var4 & 2) != 0) { factor = 1; }

if (( var4 & 4) != 0) { delta = 0; }

return var0.expression ( value , factor , delta );

}

}
calls the user defined function
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expression ( 8)                       // factor = 1, delta = 0

expression ( 8, factor = 2)           // delta = 0

expression ( 8, factor = 2, delta = 1)

expression$default (this, 8, 0, 0, 6, null);

expression$default (this, 8, 2, 0, 4, null);

expression ( 8, 2, 1);

76
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@Benchmark

fun default2Arguments (): Int {

return expression( value )

}

@Benchmark

fun default1Argument (): Int {

return expression( value , factor = factor )

}

@Benchmark

fun noDefault (): Int {

return expression( value , factor = factor , delta = delta )

}

77
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Average Time (ns/op)

default2Arguments 2.445 ± 0.096

default1Argument 2.456 ± 0.145

noDefault 2.869 ± 0.156

78
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fun default2Arguments () // value * 1 + 0

mov   eax,DWORD PTR [rsi+0xc]   ;* getfield value

fun default1Argument () // value * factor + 0

mov   eax,DWORD PTR [rsi+0x10]

imul eax,DWORD PTR [rsi+0xc]   ;* imul

fun noDefault () // value * factor + delta

mov   eax,DWORD PTR [rsi+0x10]

imul eax,DWORD PTR [rsi+0xc]   ;* imul

add   eax,DWORD PTR [rsi+0x14]  ;* iadd

JIT Compiler devirtualize and inlines the calls, removing the synthetic method 
overhead.
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Inlining
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<accessModifier > fun <highOrderFuncName >(

<param >: Type,

<func >: (Type) - > ReturnType

): ReturnType {

// ... body ...

}

A higher - order function takes functions as parameters or returns a function.
A function type represents the type of a that function. E.g. (R, T) - > R.

function type

81
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private fun sumOfSquares (

max: Int, 

square: (Int) - > Long // function

): Long {

var sum = 0L

for ( i in 1..max) {

sum += square ( i )

}

return sum

}

82
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private fun sumOfSquares (

max: Int, 

square: (Int) - > Long // function

): Long {

var sum = 0L

for ( i in 1..max) {

sum += square ( i )

}

return sum

}

private final long sumOfSquares (int max, Function1 func ) { ... }

83
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/** A function that takes 1 argument. */

public interface Function1 <in P1, out R> : Function< R> {

/** Invokes the function with the specified argument. */

public operator fun invoke (p1: P1): R

}

Function types are implemented as interfaces under the hood.
Instantiating a function type creates an instance of the Function interface.
Kotlin standard library defines generic function type of up to 22 (e.g. Function22 )

84

calls square(Int)
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// Kotlin decompiled

private final long sumOfSquares ( int max, Function1 func ) {

long sum = 0L; int i = 1; int var7 = max;

if ( i <= max) {

while ( true ) {

sum += ((Number) func.invoke ( i )). longValue ();

if ( i == var7) {

break ;

}

++i ;

}

}

return sum;

}

interface

calls square(Int)

85
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@Param( "1_000_000" )

private var param : Int = 0

@Benchmark

fun sumOfSquares (): Long {

return sumOfSquares ( param ) {

it * it ;

}

}
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sumOfSquares

average (ms /op) 4.668 ± 0.093

gc.alloc.rate (MB/sec) 4,358.972 ± 86.090

gc.count 229

gc.time (ms ) 190

87

Java Runtime Environment 11.0.2+9-LTS



www.ionutbalosin.com

sumOfSquares

average (ms /op) 4.668 ± 0.093

gc.alloc.rate (MB/sec) 4,358.972 ± 86.090

gc.count 229

gc.time (ms ) 190

88

Java Runtime Environment 11.0.2+9-LTS



www.ionutbalosin.com

How could the performance be improved?
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Inlining
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