ORACLE

JDK 8: Monot Jlambpa

Y10 HOBOro B ombanortekax

Anekceii LLinnunée
aleksey.shipilev@oracle.com, @shipilev




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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BeeaeHune: npo goknagpbl

JDK 8: 4, nambpa:
B 0KNaj Npo NAMBAbl KaK CaMOCTOSITENbHYIO A3bIKOBYIO dryy

m lambda expressions
m method references

JDK 8: Monot nsamba: (+— Bbl 3zech)
B J0KJIaj Npo TO, Y4TO NAMOAbl ewé namenunu 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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BBe,EI,eH mne: BONMpOCHbI

m Y1o?
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BBe,EI,eH mne: BONMpOCHbI

m Y1o?
m Kak?
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BBe,EI,eH mne: BONMpOCHbI

m Y1o?
m Kak?
m 3ayem?
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BBe,EI,eH mne: BONMpOCHbI

m Y1o?
m Kak?
m 3ayem?
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BeeneHue: )\ samples code

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

Beepenune: Motusauus

V Hac MHOro noeofoB MeHATb kog B JDK:
m BBeAeHune namba cyuiectBeHHo ynpouiaet MHorue AP
m BBeseHve default method'os ynpoutaet ssontouuto bubnaunorek

W BBEJEHNE CTaTUYECKMX METOLOB B nHTepdelicax nsbaenser ot
MENIKNX YTUJIbHbIX KJ1aCCOB

Ham Ba)xHO mepBbIMYK MOHACTyNaTb Ha rpabu,
nepen TeMm, Kak faBaTb OU4YM AeBesionepam.
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Point )\-fications
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Point \-fications: Everything is better with A

Mtorue mecta B bubnnoTteke Bbirnagenu ool ayyue
Iterable.forEach(Consumer<T>)

m Collection.removelf (Predicate<E>)

m Threadlocal.withInitial (Supplier<T>)

m Comparator.comparing(Function<T,U>)

m Map.computeIfAbsent (K, Function<K,V>)

m AtomicInteger.updateAndGet (IntUnaryOperator)
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Point \-fications: Comparators example

public final class M {
final String first;
final String last;
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Point \-fications: Comparators example

public final class M {
final String first;
final String last;

Comparator<M> m = new Comparator<M>() {
@0verride public int compareTo(M ml, M m2) {
int v = ml.last.compareTo(m2.last);
if (v = 0) {
return v;
} else {
return ml.first.compareTo(m2.first);
}
}
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Point \-fications: Comparators example

public final class M {
final String first;
final String last;

}
Comparator<M> m = new Comparator<M>() {
@0verride public int compareTo(M mil, M m2) {
int v = ml.last.compareTo(m2.last);
return (v != 0) 7?7 v : ml.first.compareTo(m2.first)
+
}
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Point \-fications: Comparators example

public final class M {
final String first;
final String last;

}
Comparator<M> m = (ml, m2) -> {

int v = ml.last.compareTo(m2.last);

return (v != 0) ? v : ml.first.compareTo(m2.first);
}

=’Java’  oracLe
Slide 12/47. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. o



Point \-fications: Comparators example

public final class M {
final String first;
final String last;

}
Comparator<M> m = (ml, m2) -> {
int v = C.comparing(x -> x.last).compare(ml, m2);
return (v != 0) 7
v : C.comparing(x -> x.first).compare(ml, m2);
}
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Point \-fications: Comparators example

public final class M {
final String first;
final String last;

Comparator<M> m = C.comparing(x -> x.last)

.thenComparing(x -> x.first);
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Point \-fications: Comparators example

public class M {
final String first;
final String last;
String getFirst() { return first; }
String getLast() { return last; }

Comparator<M> m = C.comparing(M::getLast)
.thenComparing (M::getFirst);
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Point )\-fications: call for action

m B JDK y)xe nopsigoyHoe KonmyecTBo Takux TOHEYHbIX METOAOB
m ceiiyac camoe BpeMs A0buUTh ocTaTku!

W eC/IN eCTb YTO-TO, YTO ObIO BbI FIyNo ynycTuTh?

[pobyiiTe bungbl, NULWUTE Ha:
lambda-dev@openjdk. java.net
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lambda-dev@openjdk.java.net

Default methods

=’Java’  oracLe
Slide 17/47. Copyright © 2013, Oracle and/or its affiliates. All rights reserved.



Default methods: npobnema

Backward compatibility:

compatiblity — cBsueHHas koposa Java
HeNb38 MEeHsTb DaliTKoM, €CAU 3TO JIOMAET MPUTIOKEHUS]
HEeNb3s BBOAMTb HOBblE UANOMbBI, €C/IN 3TO JIOMAET OXKUAAHNS

HEeNb3s Aake noMeHsaTb serialization form!

HENBb3A MEHATDb I'Iy6J'II/ILIHI:>II7I APl, €CIN 3TO NNOMAET NMPUNOXKEHUNA
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Default methods: npobnema
Henb3st Tak npocTo B3siTh 1 A0DaBUTL METOA B WHTEPMEC:
interface Collection<T> {

/*%* Q@since 1.8 %/
void removeAll (Predicate<T> pred);
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Default methods: npobnema

Henb3st Tak npocTo B3siTh 1 A0DaBUTL METOA B WHTEPMEC:

interface Collection<T> {
/**x @since 1.8 x/
void removeAll (Predicate<T> pred);

}

class GooAbbaCollection<T> implements Collection<T> {
// compiling unmodified with JDK 8:
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Default methods: npobnema

Henb3st Tak npocTo B3siTh 1 A0DaBUTL METOA B WHTEPMEC:

interface Collection<T> {
/**x @since 1.8 x/
void removeAll (Predicate<T> pred);

}

class GooAbbaCollection<T> implements Collection<T> {
// compiling unmodified with JDK 8: FAIL
// compiling unmodified with JDK 7:
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Default methods: npobnema

Henb3st Tak npocTo B3siTh 1 A0DaBUTL METOA B WHTEPMEC:

interface Collection<T> {
/**x @since 1.8 x/
void removeAll (Predicate<T> pred);

}

class GooAbbaCollection<T> implements Collection<T> {
// compiling unmodified with JDK 8: FAIL
// compiling unmodified with JDK 7: OK
// ...running it then (and calling removeAll):
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Default methods: npobnema

Henb3st Tak npocTo B3siTh 1 A0DaBUTL METOA B WHTEPMEC:

interface Collection<T> {
/**x @since 1.8 x/
void removeAll (Predicate<T> pred);

}

class GooAbbaCollection<T> implements Collection<T> {
// compiling unmodified with JDK 8: FAIL
// compiling unmodified with JDK 7: OK
// ...running it then (and calling removeAll): FAIL
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Default methods: pelwenne

interface Collection<T> {
/** @since 1.8 */
default void removeAll (Predicate<T> pred) {
// fallback implementation goes here
}
}

class GooAbbaCollection<T> implements Collection<T> {
// compiling unmodified with JDK 8: OK
// compiling unmodified with JDK 7: OK
// ...running it then (and calling removeAll): 0K

¥
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Default methods: cBoiicTBa

interface Collection<T> {

default void removeAll (Predicate<T> pred) { ... }
}
m default-metogbl (NoUTH) HUYEM HE OTIMYAIOTCSH OT BUPTYaNbHLIX
m Bbi3bIBalOTCS invokeinterface
m BuAHbl vepe3 Reflection
W MOryT HacJefoBaThbCs
W BCerga yCTynatoT MECTO KOHKPETHLIM peann3auusiM
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Default methods: Hacneposanue

interface T

interface W

<D
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Default methods: HacneposaHmne

1 () interface V

interface T

interface W

class B

class C

Bcerna BbIMrpbIBaeT KOHKPETHAs peann3auuns 13 nepapxmm Knaccos.
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Default methods: abuse

m obecneymsatoT HacsieaoBaHMe NoOBEAEHUA, @ HE COCTOAHNA

B VIHOTZA UCMNOJIb3YeTCs ANt OrPaHUYeHHbIX trait-oB

interface Op {
boolean isStateful ();
}
interface StatelessOp extends 0Op {
default boolean isStateful () { return false; };
}
interface StatefulOp extends 0Op {
default boolean isStateful () { return true; I};

3
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Static methods
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Static methods: cummeTpus

m 0bObIYHbIA OKaBoBbLIN cTub: interface + utility class:

m Collection + CollectionUtils

m Predicate 4 Predicates + g JDK 87
m Function 4 Functions + B JDK 87
m

B MOXKHO /I BHECTW static-meTombl B uHTepdeic?

B yXe eCTb static-KOHCTaHThI
m default-mMeToabl yXKe BHOCAT B MHTepdeiichl instance-meTogb
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Static methods: npumep

B MNO3BOJMIAKT TalWNTb YTUINUTbLI C coboii

m Hanpumep, abpuku:

public interface Ticket {
String qDublin();
static Ticket random() {
return () -> "toDublin";
}
}

assertEquals ("toDublin",
Ticket.random().qgDublin ());
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Streams
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Streams: MoTtuBauyuns

3a4eM HaM Kakume-To Stream'bl, KOrAa ¥ Tak BCE XOPOLLO?

public void printGroups (List<People> people) {
Set<Group> groups = new HashSet<>();
for (Person p : people) {
if (p.getAge() >= 65)
groups.add(p.getGroup ());
}
List<Group> sorted = new ArrayList<>(groups);
Collections.sort(sorted, new Comparator<Group>() {
public int compare(Group a, Group b) {
return Integer.compare(a.getSize(), b.getSize())
}
s
for (Group g : sorted)
System.out.println(g.getName ());
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Streams: MoTtuBauyuns

BbUK)6bIprTO HE ropoanTb KNJOMETPbI OANHAKOBOIo KoAa:

public void printGroups(List<People> people) {
people.stream()
.filter(p -> p.getAge() > 65)
.map(p -> p.getGroup())
.distinct ()
.sorted (comparing(g -> g.getSize())

.forEach(g -> System.out.println(g.getName());
}

Eweé xouercs:

m paboTa Co CTaHAAPTHLIMU Kiaccamm
m napannesnsm’?
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Streams: [dwn3zaiin

m bonbwunHcTeo KOLa YKJ/1aAblBa€TCA B I'IpOCTOI7I MnaTTepH:

source
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Streams: [dwn3zaiin

m bonbwunHcTeo KOLa YKJ/1aAblBa€TCA B I'IpOCTOI7I MnaTTepH:

source — op
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Streams: [dwn3zaiin

m bonbwunHcTeo KOLa YKJ/1aAblBa€TCA B I'IpOCTOI7I MnaTTepH:

source — op — op
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Streams: [dwn3zaiin

m bonbwunHcTeo KOLa YKJ/1aAblBa€TCA B I'IpOCTOI7I MnaTTepH:

source — op — op — op —
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Streams: [dwn3zaiin

m bonbwunHcTeo KOLa YKJ/1aAblBa€TCA B I'IPOCTO|7| MnaTTepH:

source — op — op — op — gangnamstyle
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Streams: [dwn3zaiin

m bonbwunHcTeo KOLa YKJ/1aAblBa€TCA B I'IpOCTOI7I MnaTTepH:

source — op — op — op — Sink

«sourcesy: collections, iterators, channels, ...

«operationsy»: filter, map, reduce, ...
«sinksx»: collections, locals, ...
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Streams: sources

B NCNONb30BaTb CTAHAAPTHbLIE KNACChl KakK NCTOYHUKN !

B -+ KJ1aCChbl, KOTOpbIE eLLI,é HE HaMMCaHbl
B -+ KJ1ACCbl, HANNCAHHbIE NONBL30BATENAMU

m Collection He nogxoguT
B He BCE )e CHa4dana B KONNNEKLNHO 3aBOpa'~|VIBaTb?
m [terable He nogxognT

m 3/10Bbl NpobaemMbl C NocnefoBaTENbHBIMIU UTEPATOPAMU
B METOAbl ANA onepauuii nadkaoT uHtepdeiic

m Stream noaxoaunT

B OTAENbHAA LWITYKA C HY>XHO HAaM CEMaHTUKOIA
B «Na4vykaem» Kacchl TONbKO MeTogoM stream()
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Streams: Stream

Stream = «sequence of elements»

onepaunn Hag Stream obbiYHO NOpOXAAtOT Apyroli Stream

BbINMOJHEHNE onepaumﬁ OTNOXEHO A0 nocneaHero

HEe MyTUPYET NCTOYHUK

O[HOPA30BbIN

public void printGroups (List<People> people) {
people.stream();

Stream<People>
Stream<People>
Stream<People>
Stream<People>
Stream<People>

s1
s2
s3
s4
sb

sl.

s2

s4

sb.forEach(g -> System

filter(p -> p.getAge() > 65);

.map(p -> p.getGroup());
s3.
.sorted(comparing(g -> g.getSize());
.out.println(g.getName ());

distinct ();
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Streams: Stream Sources

B KOJUIEKLWN:
List<T> list; Stream<T> s = list.stream();

m reHepaTopsl:
Stream<Integer> s = Streams.generate(() -> x++);

B YTUWINTBI
Stream<Integer> s

Streams.intRange (0, 100);

m etc:
BufferedReader r; Stream<String> s = r.lines(Q);
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Streams: Operations

H onepaunn OHMCHBaKﬂ'AeﬁCTBMﬂ HaZ, MOTOKOM
B [Ba MJ1aBHbIX ThNa:

1. intermediate: Stream — Stream
2. terminal: Stream — PROFIT!

public void printGroups(List<People> people) {
Stream<People> s = people.stream();

Stream<People> sl =
s.filter(p -> p.gethAge() > 65)
.map(p -> p.getGroup())
.distinct ()
.sorted(comparing(g -> g.getSize())

sl.forEach(g -> System.out.println(g.getName ());
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Streams: Sinks

B TEPMWHANIbHbIE ONneEpaunn Oat0T pe3ynbraT

B B 32BUCKMOCTU OT TOro, YTO Yy>xe B Habope onepauuii:

1. Bbivmcastor lazily nan eagerly
2. napajsieibHO AW NOCiefoBaTENbHO

m rnasHble sink'u:
1. reducers: reduce, findFirst/Any, all/none/anyMatch
2. collectors: cNOXUTb B KONNEKLNIO
3. forFEach: chenaTb feliCTBUE HAA KAXKAbIM 3/1EMEHTOM
4. iqterator: BbITAaCKNBaTb Pe3yNbTaTbl NO OGHOMY
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Streams: Sinks/Reducers

m OepyT NOTOK W JAtOT HEKOTOPbIA CKaNsip:
int s = intRange(0, 100).reduce((x, y) -> x + y);
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Streams: Sinks/Reducers

m OepyT NOTOK W JAtOT HEKOTOPbIA CKaNsip:
int s = intRange(0, 100).reduce((x, y) -> x + y);

m HekoTopble oTgatoT Optional<T>, 4TobbI OTAUYATH NYCTOTY:
Optional<Integer> o =
stream.reduce((x, y) -> x + y);
Integer 1 =
stream.reduce(0, (x, y) -> x + y);
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Streams: Sinks/Collectors

B CKNaAblBAaOT COAEPXKNMMOE NOTOKA (B KO}'I)'IeKLI,I/IPO)Z

List<Integer> list =
intRange (0, 100).collect(Collectors.tolList ())
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Streams: Sinks/Collectors

B CKNaAblBAaOT COAEPXKNMMOE NOTOKA (B KO}'I)'IeKLI,I/IPO)Z

List<Integer> list =
intRange (0, 100).collect(Collectors.tolList ())

B MOTYT NPUHNMATL CJIOXHbIE KOJIJIEKUUN C NOCTNPOUECCUHTIOM!

Map<Integer ,Integer> map =
Streams.intRange (0, 1000).collect(

Collectors.toConcurrentMap (
(k) -> k % 42,
Functions.identity (),
Collectors.lastWinsMerger ()

)

)
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Streams: Sinks, forEach /iterator

W JeNatoT AeliCTBME Haf KaXKAbIM 3J1eMEHTOM MOTOKa:
Streams.intRange (0, 100)
.forEach(System.out: :println);

B MOXKHO BbITAaCKNBaTb 3JIEMEHTbI U3 MOTOKA MO OYepean:
Iterator<Integer> =

Streams.intRange (0, 100).iterator();
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Streams: Lazy vs. Eager

| Lazy: TAHET 27N1eMeHTbl N3 NCTOYHWKaA MO O,£||HOMy
m iterator

m Eager: obpabaTbiBaeT BeCb NOTOK pasom
m no4yTu Bce reducer bl
m nouTu BCe collector'sl
m forEach
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Streams: Short-circuting

W HEKOTOpbIE onepauuy MoryT «bpocuTe» MOTOK Ha NeTy
m Ja)Xe B eager-pexxumel

B NOJYHatoT CMbICAT onepaunn Hag DeckoHeYHbIMM NOTOKaMM

m npumepsl: findFirst, findAny

int v = Stream.generate(() -> x++).findFirst();
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Streams: parallelism

m 00blUAs HaCTb UCTOYHUKOB XOPOLLO DbETCS Ha YacTw
m 0OoAbluasi 4acTb onepaunii XopoLwwo napasfennsyemMa
m Onbnnoteka aenaet BCO paboTy 3a Hac

B «nof KanotoM» mncnonb3dyetcs ForkJoinPool

B HO: HY>KHO 3KCMJIMUUTHO MPOCUTL brbnmoTteky

int v = list.parallelStream ()
.reduce (Math::max)
.get O);
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Streams: explicit parallelism

Q: Mouemy He uMnANUUTHO?

A: Bbinrpbiw oT napannenusauuy CUIbHO 3aBUCUT OT:
m N — KONM4eCcTBa 3/1EMEHTOB B UCTOYHIKE
m () — CTOUMOCTY OnepaLuu Haj OAHUM 3J1EMEHTOM
m P — pgocTynHoro napanennusma Ha mMalluHe
m (' — KONMYeCcTBa KOHKYPPEHTHbLIX KIVEHTOB

To4yHo 3Haem Tonbko N.
Hennoxo npeacraensiem cebe P.
VMeeMm xygno-benHo cnpasastecs ¢ C.
() 04eHb CNOXKHO OLEHWUTb.
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Streams: gemo

Parallel vs. Sequential

https://github.com/shipilev/jdk8-lambda-samples/blob/
internal/src/main/java/com/oracle/streams/SeqParBench.
java
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https://github.com/shipilev/jdk8-lambda-samples/blob/internal/src/main/java/com/oracle/streams/SeqParBench.java
https://github.com/shipilev/jdk8-lambda-samples/blob/internal/src/main/java/com/oracle/streams/SeqParBench.java
https://github.com/shipilev/jdk8-lambda-samples/blob/internal/src/main/java/com/oracle/streams/SeqParBench.java

Pecypchbil
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Pecypcbi: 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/shipilev/jdk8-lambda-samples

=’Java ORACLE
Slide 45/47. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. -


http://openjdk.java.net/projects/lambda/
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Backup: performance model

C=1, P=32, 2x8x2 SB, seqg/par ratio [min, 10ms thinktime]
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