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METO public static void main(String[] args) {
p' System.out.println("Hello, Joker!");
}

®naru poctyna

public static main([Ljava/lang/String;)V

Lo

Heckpuntop LINENUMBER 21 L@

GETSTATIC java/lang/System.out : Ljava/io/PrintStream;
LDC "Hello, Joker!"

INVOKEVIRTUAL java/io/PrintStream.println (Ljava/lang/String;)V
L1

LINENUMBER 22 L1

RETURN

L2

LOCALVARIABLE args [Ljava/lang/String; LO L2 ©
MAXSTACK = 2

MAXLOCALS = 1

NUma

ATpunbyThI



Heckpuntop

public static void main(String[] args) public static main([Ljava/lang/String;)V

void \Y

String| ] [Ljava/lang/String;
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Onkop

GETSTATIC java/lang/System.out : Ljava/io/PrintStream;

MHeMOoHuKa

GETSTATIC

ApryMeHT

java/lang/System.out : Ljava/io/PrintStream;



JVM Paboraet gaxe B ryrn crnangax xectb

Imynunpyem bant-koa

—» GETSTATIC java/lang/System.out : Ljava/io/PrintStream;
—p LDC "Hello, Joker!"
—p INVOKEVIRTUAL java/io/PrintStream.println (Ljava/lang/String;)V

_’
Crek




invokevirtual

aaaaaaaaaaaaaaa



invokevirtual

Ncnonb3yeTca anga Bbi30Ba

He final

He ctatnuHble
He KoHcTpyKTOpP
He super

He nHTepdeiic

MeTOoO0B
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invokevirtual. O6bluHbIN MeTOA,

void run() {

a();
}
void a() {}

ALOAD
INVOKEVIRTUAL org/example/Main.a ()V
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invokevirtual. O6bluHbIN MeTOA,

public void run() {
b(a, b, c);

}
public void b(int a, Object b, List<Integer> c){}

ALOAD

ICONST_1

ACONST_NULL

ACONST_NULL

INVOKEVIRTUAL org/example/Main.b (ILjava/lang/Object;Ljava/util/List;)V

12



invokevirtual

invokevirtual

invokevirtual

Resolve to cache

cache

Mepebiii pa3

Btopoin pa3

vtable?

vtable?

method

method
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J1amb6ab)
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AHOHUMHbBIN KNacc

Kop BanTt-kop
public static void main() { NEW org/example/Main$1
{ callRunnable(new Runnable() DUP
@0verride INVOKESPECIAL org/example/Main$1.<init> ()V
blbLic vodd FuR() INVOKESTATIC org/example/Main.callRunnable (Ljava/lang/Runnable;)V
doSmth() ;
} CKkoMnNunMpoBaHHbIN Knacc
9
} class Main$1 implements Runnable {

public void run() {
Main.doSmth() ;

15



Jlamb6pa

Kop,

public static void run() {

callRunnable(() -> doSmth());

BanT-kop

INVOKEDYNAMIC run()Ljava/lang/Runnable; [
java/lang/invoke/LambdaMetafactory.metafactory(...)Ljava/lang/invoke/CallSite;

OV,
org/example/Main.lambdaSrun$e()V,
Vv
]
INVOKESTATIC org/example/Main.callRunnable (Ljava/lang/Runnable;)V

16






invokedynamic

Ncnonb3yeTtca ana Bbi3oBa MeToga € AMHAMUYECKOU NIMHKOBKOW
Jlam6abl
KoHKaTeHaumna cTpok

record

18



invokedynamic

invokedynamic Bootstrap

invokedynamic

cache

Mepebiii pa3

cache

Btopoit pa3

MethodHandle

MethodHandle

method

method
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LambdaMetafactory.metafactory

bawnTt-kop metafactory
INVOKEDYNAMIC run()Ljava/lang/Runnable; [ public static CallSite metafactory(
java/lang/invoke/LambdaMetafactory.metafactory(...)Ljava/lang/invoke/CallSite; MethodHandles.Lookup caller,
v, String interfaceMethodName,
org/example/Main.lambdaSrun$e()V, MethodType factoryType,

MethodType interfaceMethodType,

] MethodHandle implementation,

20



metafactory. TpuBmanbHoe.

Namb6pa

public static void run(Integer a) {
callRunnable(() -> doSmth());

CuHTeTnyecknin metop

public static void lambdaSmain$e() {
doSmth();

CreHepupoBaHHbIf Knacc

final class MainS$SLambda implements Runnable {
private MainSSLambda() {
}
public void run() {
Main.lambdaSmain$o();

21



metafactory.

Namb6pa

public static void run() {

callInt(Main: :supplyInt);

MeTop pedepeHc.

BanT-kop

INVOKEDYNAMIC get()Ljava/util/function/Supplier;

java/lang/invoke/LambdaMetafactory.metafactory(.

()Ljava/lang/0Object;,
org/example/Main.supplyInt()I,
()Ljava/lang/Integer;

[

..)Ljava/lang/invoke/CallSite;

22



metafactory.

Nam6pa

public static void main() {

callInt(Main: :supplyInt);

MeTop pedepeHc.

CreHepupoBaHHbIN Knacc

final class MainS$SLambda implements Supplier {
private Main$SLambda() {
}
public Object get() {
return Main.supplyInt();

}

public java.lang.Object get() {
INVOKESTATIC org/example/Main.supplyInt()I
INVOKESTATIC java/lang/Integer.valueOf(I)Ljava/lang/Integer;
ARETURN

23



bridge meTtoabl

interface SupplyObj { interface SupplyNum { interface SupplyInt {
Object f(); Number f(); Integer f();

interface Foo extends SupplyObj, SupplyNum, SupplyInt {}

class FooImpl implements Foo {
@0verride public Integer f() {return null;}

24



metafactory. Metop, pedepeHc.

class FooImpl implements Foo {
@0verride public Integer f() {

return null;

class Main$FooImpl() {

public f {
aconst_null
areturn

}

public bridge synthetic f {
aload © // reference to self
invokevirtual org/example/MainSFooImpl.f()Ljava/lang/Integer;

areturn
}
public bridge synthetic f {
aload 0 // reference to self
invokevirtual org/example/MainSFooImpl.f()Ljava/lang/Integer;
areturn
}
}

25



altMetafactory

Kop, bant-kop
public static void main() INVOKEDYNAMIC f()Lorg/example/MainS$Foo; [
foo(() -> 5);

java/lang/invoke/LambdaMetafactory.altMetafactory(...)Ljava/lang/invoke/CallSite;

()Ljava/lang/Integer;,
static void foo(Foo foo) {} org/example/Main.lambdaSmain$@()Ljava/lang/Integer;,
()Ljava/lang/Integer;,

4, // FLAG_BRIDGES

2;
()Ljava/lang/Number;,
()Ljava/lang/Object;

26






LambdaMetafactory.altMetafactory

public static CallSite altMetafactory(
MethodHandles.Lookup caller,
String interfaceMethodName,
MethodType factoryType,
Object... args

public static CallSite altMetafactory(
MethodHandles.Lookup caller,
String interfaceMethodName,
MethodType factoryType,
MethodType interfaceMethodType,
MethodHandle implementation,
MethodType dynamicMethodType,
int flags,
int altInterfaceCount, // IF flags
Class... altInterfaces, // IF flags
int altMethodCount, // IF flags
MethodType... altMethods // IF flags

)

has MARKERS
has MARKERS
has BRIDGES
has BRIDGES

set
set
set

set

28



LambdaMetafactory.altMetafactory

BanT Kop

INVOKEDYNAMIC f()Lorg/example/Main$Foo; [

java/lang/invoke/LambdaMetafactory.altMetafactory(...)Ljava/lang/invoke/CallSite;

()Ljava/lang/Integer;,
org/example/Main.lambda$main$0()Ljava/lang/Integer;
()Ljava/lang/Integer;,

, // FLAG_BRIDGES
2,
()Ljava/lang/Number;,
()Ljava/lang/Object;

MNceBpo curHatypa altMetafactory

public static CallSite altMetafactory(
MethodHandles.Lookup caller,

MethodType factoryType,
MethodType interfaceMethodType,
MethodHandle implementation,

MethodType dynamicMethodType,

’

int altInterfaceCount, // IF flags has MARKERS
Class... altInterfaces, // IF flags has MARKERS
int altMethodCount, // IF flags has BRIDGES

MethodType... altMethods // IF flags has BRIDGES

set
set
set

set

29



altMetafactory. bridges

final class MainS$SLambda implements Main.Foo {
private Main$SLambda() {

}

public Integer f() {
return Main.lambdaSmain$6() ;

public static void main() { }
fee{il) == 9l public Number f() {
} return Main.lambdaSmain$0() ;
}

public Object f() {
return Main.lambdaSmain$6();
}
}



altMetafactory

Kop

public static void main() {
Foo f = (Serializable
& Foo
& Marker) () -> 5;
foo(f);

static void foo(Foo foo) {}

interface Marker {}

CreHepupoBaHHbIN Knacc

final class MainS$SLambda implements SupplyInt,
Foo, Marker, Serializable {

public Integer f() {
return Main.lambdaSmainSbbee6dedS71();

}

// Bridges..

private final Object writeReplace() {
return new SerializedlLambda(...);

}

31



NMoueMy TaK?

. We could “just” user inner classes

+ We could define that a lambda is “just” an inner class
instance (where the compiler spins the inner class)
s p -> p.age < k translates to
class Foo$l implements Predicate<Person> {
private final int $vO;
Foo$l (int v0) { this.$v0 = vO0; }
public boolean test (Person p) {
return p.age < $v0;

}
}
+ Capture == invoke constructor (new Foo$1 (k))
+ One class per lambda expression — yuck

*  Would like to improve over inner classes

If we define things this way, we’re stuck with inner class

behavior forever

» Back to that “conflates binary representation with
implementation” problem

ORACLE

!
i l S Sun
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https://docs.google.com/file/d/1D9dum_mZwTmNSmc6VgHTZOtoe7lDePja/preview

NMouemy Tak?

He xoTenu genatb nuwHune Knacchol
XoTtenn nmeTb no-HacrtoAauweMy aHOHUMHbIE KN1aCCbl

XoTtenn nMeTb BO3MOXXHOCTb B 6YD,YU.LeM NM3IMEHATbL MMNNEMEHTAaUUMIO

33



A 6eHun 6ypyT?



BeHun nambabI

private static void benchLambda() {

consume(() -> 0);

consume(() -> 1);
consume(() -> 2);
consume(() -> 3);
consume(() -> 4);
consume(() -> 5);
consume(() -> 6);
/] ...



BeHun nambAabI

private static void benchAnon() {

consume (new Supplier<Integer>() public Integer get return 0;}});
return 1;}});
return 2;}});
return 3;}});
return 4;}});
return 5;}});

return 6;}});

consume (new Supplier<Integer>() public Integer get

consume (new Supplier<Integer>() public Integer get
consume (new Supplier<Integer>()
consume (new Supplier<Integer>() public Integer get

consume (new Supplier<Integer>() public Integer get

et N et N et N e S e S N
A AN A A A A A

0)
0)
0)
public Integer get()
0)
0)
0)

consume (new Supplier<Integer>()
//

public Integer get



BeHun nambAabI

mo m1 m2

m3

benchLambda

m4 m5

m6

m7

m8
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BeHun nambAabI

lambdaCold elapsed 176.535398ms.
lambdaHot elapsed 103.910383ms.

lambdaVeryHot elapsed 0.492593ms.

anonCold elapsed 137.405322ms.
anonHot elapsed 92.048287ms.

anonVeryHot elapsed 0.625313ms.
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BeHun nambabI

public void consume(Blackhole bh, Lambda c) {

bh.consume(c) ;

}

public interface Lambda
int get();
}
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BeHun nambabI

@Benchmark
public void benchLambda(Blackhole bh, MyState state) {
consume(bh, () -> state.value);

}
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BeHun nambabI

@Benchmark
public void benchAnon(Blackhole bh, MyState state) {
consume (bh, new Lambda() {
@0verride
public int get() {

return state.value;

1),
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BeHun nambabI

Benchmark Mode Cnt Score + Error Units
LambdaBenches.benchAnon thrpt 25 0.384 + 0.026 ops/ns
LambdaBenches.benchLambda thrpt 25 0.398 + 0.038 ops/ns
LambdaBenches.benchAnon avgt 25 2.315 + 0.024 ns/op
LambdaBenches.benchLambda avgt 25 2.338 + 0.082 ns/op
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CNACMBO 3A BHUMAHWE!
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