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The following is intended to outline our general product direction. It
is intended for information purposes only, and may not be
incorporated into any contract. It is not a commitment to deliver any
material, code, or functionality, and should not be relied upon in
making purchasing decisions. The development, release, and timing
of any features or functionality described for Oracle’s products
remains at the sole discretion of Oracle.
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BBepgeHne: npo goknagpbl

JDK8: 4, nambpa: (<— Bbl 3g€ech)
W oKNag Npo NsiMOAbI Kak CaMOCTOSITENIBHYIO SI3bIKOBYIO pudy

m lambda expressions
m method references

JDK8: Monot namba;
B JI0KJ1aZ NpPO TO, YTO NAMbAbl ewé namenunun B Java n JDK
m more \-accepting methods in JDK
default methods in interfaces
static methods in interfaces
streams (a.k.a. bulk collection operations)
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BBegeHmne: Bonpochl

m Yto?
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BBegeHmne: Bonpochl

Y107
Kak?

3ayem?
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BeeneHue: )\ samples code

https://github.com/kuksenko/jdk8-lambda-samples
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https://github.com/kuksenko/jdk8-lambda-samples

Lambda
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Lambda - 7
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Lambda:

B AHOHUMHAsS PYHKLUS
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A JDK N, where N < 8

new Comparator<Integer>() A

@0verride
public int compare(Integer x, Integer y)
return (x < y) 7 -1
(x >y) 21 : 0;
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A JDK N, where N > 8

(x, y) -> (x <y) 7 -1
(x >y) 21 :0
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Lambda:

B GHOHWMHAS (DYHKUUS

B Bblpa>XeHne, onncbiBatowe€e aHOHNMHYHO (byHKLI,VII'O
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A : functional interface

DyHKUMOHaNbHBIA NHTepdelic

NHtepdbeiic, cogep)kanii equHCTBEHHbIA abCTPaKTHbIA METOA.

m a.k.a. SAM (Single Abstract Method)
meg.
m java.lang.Runnable

m java.util. Comparator
m java.awt.event.ActionListener

& .
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Lambda:

B BbIpaXkeHne, OMUChIBAtOLLIEE aHOHUMHYIO DYHKLMIO, Pe3yabTaToM
NCTMIOJTHEHUSI KOTOPOTO SIBISIETCA HEKOTOPbIN OOBEKT,
peanusyownii TpebyeMblii PyHKLNOHANbHBI UHTEpPMdERC
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Lambda:

B BbIpaXkeHne, OMUChIBAtOLLIEE aHOHUMHYIO DYHKLMIO, Pe3yabTaToM
NCMONTHEHUSI KOTOPOTO SABASIETCA 0OBEKT HEN3BECTHOW NMPUPOAbI,
peanusyownii TpebyeMblii PyHKLNOHANbHBI UHTEpPMdERC
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A : examples

// don’t try this at home
Comparator<Integer> cmp = (x, y) -> X - V;

// BinaryOperator<T> - T apply(T t, T u)
BinaryOperator<Integer> sub = (x, y) -> x - y;

// BiFunction<T, U, R> - R apply(T t, U u)
BiFunction<Integer, Integer, Integer> biSub =
(x, y) ->x - y;
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syntax: Bce BOKpyr —

Comparator<Integer> cmp =

(x, y) > (x <y) 7 -1
(x >y) 21 : 0;
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syntax: ssBHOe yka3aHune TUNoB apryMeHTOB

Comparator<Integer> cmp =

(Integer x, Integer y) -> (x < y) 7 -1
(x >y) 21 : 0;
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syntax: lambda 6e3 aprymexnToB

// Supplier<T> - T get();

Supplier<Integer> ultimateAnswerFactory O -> 42;
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syntax: lambda c eguHcTBeHHbIM aprymeHTom

// Function<T, R> - R apply(T t);

Function<String, Integer> f£O
(String s) -> Integer.parselnt(s);

Function<String, Integer> f1
(s) -> Integer.parselnt(s);

Function<String, Integer> f2
s -> Integer.parselnt(s);
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syntax: Bce Jin TyT NpaBuJibHO?

Comparator<Integer> cmp =

(x, y) -> (x <y) 7 -1

Slide 21/70. Copyright @© 2013, Oracle and/or its affiliates. All rights reserved.

(x

==y) 7 0 : 1;
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syntax: Bce Jin TyT NpaBuJibHO?

Comparator<Integer> cmp =

(x, y) -> (x <y) 7 -1

Slide 22/70. Copyright @© 2013, Oracle and/or its affiliates. All rights reserved.

(x

=y) 7 0 : 1;
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syntax: 610K Kak Teno

Comparator<Integer> cmp =
(x, y) -> (x <y) 7

Comparator<Integer> rightCmp = (a, b) -> {

int x = a;
int y = b;
return (x < y) 7 -1
s (x == y) 2 0 : 1;

+s
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syntax: lambda 6e3 pesynbTaTa

// Consumer<T> - void accept(T t);

Consumer <String> c s -> { System.out.println(s);};
Arrays.asList ("Foo", "Bar").forEach(c);

Arrays.asList("Foo", "Bar", "Baz")
.forEach(s -> System.out.println(s));
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syntax: variable hiding 3anpeue!

public void foo() {
int x = 42;

Comparator<Integer> cmp =

(x, y) -> (x <y) 7 -1
(x >y) 271 : 0;

Compile Error!
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syntax: variable hiding 3anpeue!

public void foo() {
int x = 42;

Comparator<Integer> cmp = (a, b) -> {
int x = a;
int y = b;
return (x < y) 7 -1
(x == y) 2 0 : 1;
35

Compile Error!
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usage: [ne?

onepaTop npuceanBaHus (npasast 4acThb)
e.g. FI £ = () -> 42;
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usage: [ne?

return

e.g. return () -> 42;
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usage: [ne?

apryMeHT MeTosla/KOHCTPYKTOpa

e.g. foo(l1 , OO -> 42)
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usage: [ne?

NHNLUWNANN3aTOP MaCClBa

e.g. FI[] fis = { O -> 41, O -> 42 };
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usage: [ne?

cast

e.g. (FI)(O) -> 42
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capture: in anonymous classes

public Comparator<Integer> makeComparator () {
final int less = -1;
final int equal = 0;
final int greater = 1;

return new Comparator<Integer>() {
@0verride
public int compare(Integer x, Integer y) {

return (x < y) 7 less
(x > y) 7 greater : equal;

+s
}
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capture: in lambdas

public Comparator<Integer> makeComparator () {

int less = -1;
int equal = O0;
int greater = 1;

return (x, y) -> (x < y) 7 less
(x > y) 7 greater
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capture: effective final

lambda moxeT ucnosb3oBaTh Nt0ObIE BHELIHNE NEPEMEHHbIE, €CNN
oHu asnstoTca effective final

Effective final

JlokanbHas NEPEMEHHAA HE MEHAOLWAA CBOEro 3Ha4€HUA

a.k.a. final nepemennas «de facto»

4 .
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capture: effective final

public void foo() {
int cnt = 0;

Supplier<Integer> counter = () -> cnt++ ;

Compile Error!
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capture: bonus

Effective final in anonymous classes

public Comparator<Integer> makeComparator () {
int less = -1;
int equal = O0;
int greater = 1;
return new Comparator<Integer>() {
@0verride
public int compare(Integer x, Integer y) {
return (x < y) 7 less
(x > y) ? greater : equal;

+s
}
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capture: pekypcuBHble NAMOAbl

public class Fibonacci {
//IntUnaryOperator - int applyAsInt(int)
private IntUnaryOperator fib_instance =
(n) -> (n < 2) ?7n
fib_instance.applyAsInt(n - 1) +
fib_instance.applyAsInt(n - 2);

private static IntUnaryOperator fib_static
(n) -> (n < 2) ?n
fib_static.applyAsInt(n - 1) +
fib_static.applyAsInt(n - 2);

=’Java ORACLE
Slide 37/70. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. o



capture: pekypcuBHble NAMOAbl

public IntUnaryOperator makeLocalFib () {
IntUnaryOperator fib_local =
(n) -> (n < 2) ?n
fib_local.applyAsInt(n - 1) +
fib_local.applyAsInt(n - 2);

return fib_local;

Compile Error!
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Method Reference
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example: good?

Comparator<Integer> cmp =

(x, y) -> (x <y) 7 -1
(x >y) 21 : 0;
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example: do not reinvent the wheel

// Integer - public static int compare(int x, int y)
Comparator<Integer> cmp =

(x, y) -> Integer.compare(x, y);
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method reference: example

// Integer - public static int compare(int x, int y)

Comparator<Integer> cmp = Integer::compare;
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method reference: bounded

// PrintStream - public void println(String x)
// Consumer<T> - void accept(T t);

Arrays.asList("Foo", "Bar", "Baz")
.forEach(System.out: :println);
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method reference: bounded

// Predicate<T> - Dboolean test(T t);

Predicate<String> makeMatcher (String pattern) A
return pattern::equalsIgnoreCase;

}
assertTrue (makeMatcher ("true").test ("TruE"))
assertTrue (makeMatcher ("false").test("FalsE"))

assertFalse (makeMatcher ("true").test ("FalsE"))
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method reference: bounded

// Predicate<T> - Dboolean test(T t);
Predicate<String> isTrue = "true'"::equalsIgnoreCase;
assertTrue(isTrue.test ("TruE"))

assertFalse(isTrue.test ("FalsE"))
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method reference: unbounded

// Comparator<T> - int compare(T ol, T 02);
// Integer - int compareTo(Integer anotherInteger)
Comparator<Integer> cmp = Integer::compareTo;
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method reference: example

// Function<T, R> - R apply(T t);

Function<String, Integer> fO = Integer::parselnt;
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method reference: to constructor

// Function<T, R> - R apply(T t);
Function<String, Integer> f0 = Integer::parselnt;
// Integer - public Integer (String s)

Function<String, Integer> fl1 = Integer::new;
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method reference: to constructor

public class Counter {

private int count = 0;
public Counter () { this (0); 1}
public Counter (int count) { this.count = count
public int inc () { return ++count; }
public int get () { return count; b
}
Supplier<Counter> f = Counter::new;

assertEquals (0, f.get().get());
assertEquals (1, f.get().inc());
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method reference: to constructor

public class Counter {

private int count = 0;
public Counter () { this (0); 1}
public Counter (int count) { this.count = count
public int inc () { return ++count; }
public int get () { return count; b
}
Function<Integer, Counter> f = Counter::new;

assertEquals (1, f.apply(1).get());
assertEquals (42, f.apply(42).get());
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Serialization
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example: unsigned int set

NavigableSet<Integer> set = new TreeSet <>(

(x, y) -> Integer.compareUnsigned(x, y)
)
set.addAll (Arrays.asList (-100, 0, 100));

assertEquals (0, set.first());

assertEquals (-100, set.last());
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example: unsigned int set

NavigableSet<Integer> set = new TreeSet <>(

(x, y) -> Integer.compareUnsigned(x, y)
);
try A

ObjectOutputStream stream =
stream.writeObject (set);
} catch (NotSerializableException e) {

we are here :(

3
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serialization: HTO AEJIATb?

NavigableSet<Integer> set = new TreeSet <>(

(x, y) -> Integer.compareUnsigned(x, y)
);
try A

ObjectOutputStream stream =
stream.writeObject (set);
} catch (NotSerializableException e) {

we are here :(

3
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serialization: «type intersection»

NavigableSet<Integer> set = new TreeSet <>(
(Comparator<Integer> & Serializable)
(x, y) -> Integer.compareUnsigned(x, y)
);
try A
ObjectOutputStream stream =

stream.writeObject (set);

} catch (NotSerializableException e) {
we are not here :)

}
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serialization: marker interface

Mapkep-uHTepdeiic

NHTepdbeiic, He comeprkalmnii abCTpakTHbIX METOLOB.

m a.k.a. ZAM (Zero Abstract Methods)

« .
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serialization: marker interface

Mapkep-uHTepdeiic

NHTepdbeiic, He comeprkalmnii abCTpakTHbIX METOLOB.

m a.k.a. ZAM (Zero Abstract Methods)

type intersection

(SAM & ZAMy & ZAM, & ... & ZAMy,)

« .
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serialization: method reference

NavigableSet<Integer> set = new TreeSet <>(
(Comparator<Integer> & Serializable)
Integer::compareUnsigned

);

try {

ObjectOutputStream stream =

stream.writeObject (set);
} catch (NotSerializableException e) {

we are not here :)

3
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leTtann peanunsauyunn
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void m() {
int y = 3;
Function<Integer,Integer> f = x -> X + y;
f.apply(2);
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Naive desugaring
void m() {
int y = 3;
Function<Integer,Integer> f = x -> X + y;
f.apply(2);

éL
3
void m() {
int y = 3;
Function<Integer,Integer> f = new A$l(y);
f.apply(2);

class A$l implements Function<Integer,Integer> {
private final int y;
A$l(int y) { this.y = y; }

public Integer apply(Integer x) {
return x + y;
}
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Project Lambda ABI

void m() {
int y = 3;
Function<Integer,Integer> f = x -> X + y;
f.apply(2);

8
%
&

static Integer lambdas$l(int y, Integer x) {
return x + y;
}

void m() {
int y = 3;

Function<Integer,Integer> f = A-Tactory §
f.apply(2);
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Project Lambda ABI

void m() {
int y = 3;
Function<Integer,Integer> f = x -> X + y;
f.apply(2);

8
L
&

static Integer lambdas$l(int y, Integer x) {
return x + y;
}

void m() {
int y = 3;
Function<Integer,Integer> f =
INDY[ j.l.i.lLambdaMetaFactory,
MT [Function.apply],
MH [Lambda$1]
1(y);
f.apply(2);
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INDY mechanics

Function<Integer,Integer> f =
INDY[ j.l.i.LambdaMetaFactory,
MT[Function.applyl],
MH [lambda$1l]
1(y);
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INDY mechanics

Function<Integer,Integer> f =
INDY[ j.l.i.LambdaMetaFactory,
MT[Function.applyl],
MH [lambda$1l]
1(y);

W

1) (once) execute
j.l.i.LambdaMetaFactory(MT[Function.apply],MH[lambdas$1]);

2) (once) store result to
vmstatic CallSite CS;

3) execute
Function<Integer, Integer> f = CS.get().invoke(y);
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Slide 64/70. Copyright @© 2013, Oracle and/or its affiliates. All rights reserved.

ORACLE



HotSpot implementation

j.l.i.LambdaMetaFactory(MT[Function.apply],MH[lambda$1])
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HotSpot implementation

j.l.i.LambdaMetaFactory(MT[Function.apply],MH[lambda$1]) {
generate(...);

A

class A$l implements Function<Integer,Integer> {
private final int y;
A$l(int y) { this.y = y; }

public Integer apply(Integer x) {
return lambda$l(y, x);
}
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HotSpot implementation

j.l.i.LambdaMetaFactory(MT[Function.apply],MH[lambda$1]) {
generate(...);
return new CallSite(MH[A$l#new]);

class A$l implements Function<Integer,Integer> {
private final int y;
A$l(int y) { this.y = y; }

public Integer apply(Integer x) {
return lambda$l(y, x);
}

CcS.get().invoke(y); =~ return new A$l(y);
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Non-capturing lambda

void m2() {
Function<Integer,Integer> f=x->x+ 3;
f.apply(2); ay,

de

static Integer lambda$23(Integer x) {
return x + 3;

}

WA

static A$23$INSTANCE = new A$23();
class A$23 implements Function<Integer,Integer>{
A$23() {}

public Integer apply(Integer x) {
return lambda$23(x);
}

CS.get().invoke(); ~ return A$23$INSTANCE; t:)lava

.
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Pecypchbil
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Pecypchbl: NonesHbie ccbinku

m Project Lambda:
http://openjdk.java.net/projects/lambda/

m Binary builds:
http://jdk8. java.net/lambda

m Mailing list:
lambda-dev@openjdk. java.net

m Talk samples:
https://github. com/kuksenko/jdk8-lambda-samples
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