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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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MoTtuBauyuns

3ayem Ham Kakme-TO Stream’bl, KOrga u Tak BCE XOPOLIO?
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MoTtuBauyuns
3ayem Ham Kakme-TO Stream’bl, KOrga u Tak BCE XOPOLIO?

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 ())
}
b;
for (Group g : sorted)
System.out.println(g.getName ());
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MoTtuBauyuns

Bbino Obl KpyTO He ropoanTbL KUIOMETPSI
OLVHAKOBOrO KOAA:

public void printGroups(List<People> people) {
people.stream()
.filter(p -> p.getAge() > 65)
.map(p -> p.getGroup ())
.distinct ()
.sorted(comparing(g -> g.getSize())
.map(g -> g.getName ())
.forEach(n -> System.out.println(n));
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MoTtuBauyuns

Laziness:
Bino 661 kpyTO paboTtaTh nonozxe (MomeHbiue):

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

.filter(p -> p.getAge() > 65) // cnum

.map(p -> p.getGroup()) // mumbuadunz
.distinct () // nokynaem iPhone
.sorted(comparing(g -> g.getSize()) // wumaem noumy
.map(g -> g.getName ()) // cnopum

.forEach(n -> System.out.println(n));< IENJIAZH!!!
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MoTtuBauyuns

Mapannennam?

Collection<Item> data;

for(int i=0; i < data.size(); i++) {
processItem(data.get(i));
b
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MoTtuBauyuns

Mapannennam?

Collection<Item> data;

for(Item item : data) {
processItem(item);

by
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MoTtuBauyuns
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Mapannennam?

Collection<Item> data;

#pragma emgomp parallel
for(Item item : data) {
processItem(item);

by
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MoTtuBauyuns

Mapannennam?

Collection<Item> data;

parallel_for(Item item : data) {
processItem(item);

by
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MoTtuBauyuns

Mapannennam!

Collection<Item> data;

data.parallelStream()
.forEach(item -> processItem(item));
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Insainn
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Inzainn

m DonblWNHCTBO KOJa yKNaAblBaeTCa B NMPOCTOA
naTTepH:

source
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Inzainn
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Inzainn
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Inzainn

m DonblWNHCTBO KOJa yKNaAblBaeTCa B NMPOCTOA
naTTepH:

source — op — op — op —
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Inzainn

m DonblWNHCTBO KOJa yKNaAblBaeTCa B NMPOCTOA
naTTepH:

source — op — op — op — gangnamstyle
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Inzainn

m DonblWNHCTBO KOJa yKNaAblBaeTCa B NMPOCTOA
naTTepH:

source — op — op — op — Sink
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Inzainn
m DonblWNHCTBO KOJa yKNaAblBaeTCa B NMPOCTOA
MnaTTEPH:

source — op — op — op — Sink

m «sourcesy: collections, iterators, channels, ...
m «operations»: filter, map, reduce, ...

m «sinks»: collections, locals, ...
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sources

B CTaHOApPTHbIE K/AaCChbl Kak NCTOYHUKN

B -+ KJ1aCCbl, KOTOpble eU.l,é HE HanncCaHbl
H -+ KJIACCbl, HAMMCAHHbIE MNOJIL30BATENIAMN
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m Collection He nogxoauT
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m Collection He nogxoauT
B HEe BCE )e CHa4ana B KOJITEKLNHO BBBOpa‘-II/IBaTb?
m [terable He noaxoanTt

m aJoBbl NpobieMbl C NocieaoBaTeNbHLIMM
nTepaTopamm
B METOAb! AN Onepauuii navykatoT uHTepdeiic
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sources

B CTaHOApPTHbIE K/AaCChbl Kak NCTOYHUKN

B -+ KJ1aCCbl, KOTOpble eU.l,é HE HanncCaHbl
H -+ KJIACCbl, HAMMCAHHbIE MNOJIL30BATENIAMN

m Collection He nogxoauT
B HEe BCE )e CHa4ana B KOJITEKLNHO BaBOpa‘-IVIBaTb?
m [terable He noaxoanTt
B aJ0Bbl I'IpO6J'IeMbI C nocnenoBaTeNbHbIMN
nTepaTopamu
B METOAb! AN Onepauuii navykatoT uHTepdeiic
m Stream nogxoauT

B OTAEJNIbHAA LWITYKA C HY>XHO HAaM CEMaHTUKOIA
B «MAayYKaeMy» KacCbl TONbKO MeTofoM stream()
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Stream
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Stream
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Stream = «a multiplicity of values»
3/1EMEHTbI HE YNOpAA0YeHbl
He CTPYKTypa faHHbix (no storage)

BbINOJIHEHNE ONEPALN OTNOXEHO [10
nocneaHero

MOXET DbITb DECKOHEYHbBIM
HE MYTUPYET UCTOYHUK
OLHOPA30BbIN

NO3BOJISIET KaK MOC/efoBaTEbHYIO, Tak W
napanenbHyto obpaboTky

eCTb NPUMUNTUBHbIE CNeUnann3aLnn:
IntStream, LongStream, DoubleStream
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Stream pipeline

a source: Source — Stream
intermediate operations: Stream — Stream
a terminal operation: Stream — PROFIT!

public void printGroups (List<People> people) {
people.stream()
.filter(p -> p.getAge() > 65)
.map(p -> p.getGroup())
.distinct ()
.sorted(comparing (g -> g.getSize())
.map(g -> g.getName ())
.forEach(n -> System.out.println(n));
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Stream pipeline

a source: Source — Stream
intermediate operations: Stream — Stream
a termainal operation: Stream — PROFIT!

public void printGroups (List<People> people) {
people.stream()
.filter(p -> p.getAge() > 65)
.map(p -> p.getGroup())
.distinct ()
.sorted(comparing (g -> g.getSize())
.map(g -> g.getName ())
.forEach(n -> System.out.println(n));
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Stream pipeline

a source. Source — Stream

intermediate operations: Stream — Stream

a terminal operation: Stream — PROFIT!

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

Stream<People> sl
Stream<People> s2
Stream<Group> s3
Stream<Group> s4
Stream<Group> sb
Stream<String> s6

s1.

s2

s3.

s4
sb

s6.forEach(n -> System

slide 18/46.

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

.map(p -> p.getGroup ());

distinct ();

.sorted (comparing(g -> g.getSize()));
.map(g -> g.getName ());
.out.println(n));
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XapakTepuctku Stream’a’

ordered
distinst
sorted
sized
notnull
immutable
concurrent

subsized

106b|‘-IHO HE BUOHbI N HE HYXXHbl CHapy>Xu ORACLE
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Stream Sources
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Stream Sources: Konnekuun

ArrayList<T> 1list;
Stream<T> s = list.stream();
// sized, ordered
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Stream Sources: Konnekuun

ArrayList<T> 1list;
Stream<T> s = list.stream();
// sized, ordered

HashSet <T> set;
Stream<T> s = set.stream();
// sized, distinct

TreeSet<T> set;
Stream<T> s = set.stream();
// sized, distinct, ordered, sorted
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Stream Sources: YTununrobl

T[] arr;
Stream<T> s = Arrays.stream(arr);
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Stream Sources: YTununrobl

T[] arr;
Stream<T> s

Arrays.stream(arr);

Stream<T> s Stream.of (v0, vi, v2);
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Stream Sources: YTununrobl

T[] arr;
Stream<T> s

Arrays.stream(arr);

Stream<T> s Stream.of (v0, vi, v2);

Stream.builder ()
.add (v0) .add(v1).add (v2)
.build O);

Stream<T> s
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Stream Sources: YTununrobl

T[] arr;
Stream<T>

Stream<T>

Stream<T>

IntStream

slide 22/46.

Arrays.stream(arr);

Stream.of (v0, vi, v2);

Stream.builder ()
.add (v0) .add(v1).add (v2)
.build O);

IntStream.range (0, 100);
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Stream Sources: 'eHepaTOpbI

AtomicInteger init = new AtomicInteger (0);
Stream<Integer> s =
Stream.generate(init::incrementAndGet);

ORACLE
slide 23/46.



Stream Sources: 'eHepaTOpbI

AtomicInteger init = new AtomicInteger (0);
Stream<Integer> s =
Stream.generate(init::incrementAndGet);

IntStream s = Stream.iterate(0, i -> i+1);
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Stream Sources: lNpouee

Stream<String> s = bufferedReader.lines();
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Stream Sources: lNpouee

Stream<String> s bufferedReader.lines ();

Stream<String> s Pattern.compile (myRegEx)

.splitAsStream(myStr);
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Stream Sources: lNpouee

Stream<String> s bufferedReader.lines ();

Stream<String> s Pattern.compile (myRegEx)

.splitAsStream(myStr);

DoubleStream s =
new SplittableRandom().doubles();
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Intermediate Operations
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Intermediate Operations

Stream<S>
Stream<S>
Stream<T>
Stream<T>
Stream<S>
Stream<S>
Stream<S>
Stream<S>
Stream<S>
Stream<S>
Stream<S>

slide 26/46.

“ .

n n n n n O n n n n n

.filter (Predicate<S>);
.map (Function<S, T>);
.flatMap (Function<s§s,
.peek (Consumer<T>);
.sorted () ;
.distinct ();
.unordered () ;
.limit (long);
.substream(long);
.substream(long,

Stream<T>>) ;

long) ;
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Intermediate Operations

Stream<S>
Stream<S>
Stream<T>
Stream<T>
Stream<S>
Stream<S>
Stream<S>
Stream<S>
Stream<S>
Stream<S>
Stream<S>

Stream<S>
Stream<S>

slide 26/46.

n n n n n O n n n n n

“ .

.filter (Predicate<S>);
.map (Function<S, T>);

.flatMap (Function<s§s,

Stream<T>>) ;

.peek (Consumer<T>);
.sorted () ;
.distinct ();
.unordered () ;
.limit (long);
.substream(long);

.substream(long,

long) ;

s.parallel ();
.sequential ();
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Terminal Operations a.k.a. PROFIT
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Terminal Operations

B TEPMWHAJIbHbIE Onepaunn OAtOT PE3YybTaT

slide 28/46.

napasiefbHO MAN NocaefoBaTensHo (B
3aBNCUMOCTI OT TOrO, 4TO Y€ eCTb B Habope
onepauuii)

MO>XXHO BblAENTNTb

«untepatopbly: forEach, iterator
nonck: findFirst, findAny

npoeepka: allMatch, anyMatch, noneMatch
arrperaTopbl

B reducers
B collectors
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Short-circuting

B HEKOTOPbIE OMepaLun MOryT «bpocuTb» MOTOK

B NO0JYyHatoT CMbICA onepaunn Hag beckoHeYHbIMY
NMOTOKaMM

m npumepsl: find*, *Match

int v = Stream.generate (() -> x++)
.findFirst () .get O);
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«WNTepaTopbi»

B [1eat0T AeliCTBIE HAZ KaXKAbIM 3/1EMEHTOM
noToKa:
IntStream.range (0, 100)
.forEach(System.out: :println);

B MOXXHO BbITAaCKMBATb 3JIEMEHTbI U3 MOTOKA MO
ouepeaun:
Iterator<Integer> =
IntStream.range (0, 100) .iterator ()3;

260sblue HEOBXOOMMO AJISi COBMECTUMOCTH

3ep,VIHCTBeHHaH JNIEHNBadA TEPMUHANbHasA onepayns
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Reducers

Hy>xHa cymma anemeHToB Stream<Integer>.
Y710 genaem?
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Reducers

Hy>xHa cymma anemeHToB Stream<Integer>.
Y710 genaem?
public int getSum(Stream<Integer> s){
int sum;
s.forEach( i -> sum+=1i );
return sum;
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Reducers

Hy>xHa cymma anemeHToB Stream<Integer>.

Y710 genaem?

public int getSum(Stream<Integer> s){
int sum;
s.forEach( i -> sum+=i ); // Compile error
return sum;
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Reducers

Hy>xHa cymma anemeHToB Stream<Integer>.

Y710 genaem?

public int getSum(Stream<Integer> s){
int[] sum = new int[1];
s.forEach( i -> sum[0]+=1i );
return sum/[0];
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Reducers

Kakoii byget pesynbtat?

IntStream.range(0,100) .map(i->1)
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slide 34/46.



Reducers
Kakoii byget pesynbtat?
IntStream.range(0,100) .map(i->1)

100
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Reducers
Kakoii byget pesynbtat?
IntStream.range(0,100) .map(i->1)

100

IntStream.range(0,100) .map(i->1) .parallel()
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Reducers

Kakoli bynet pesynbTaT?

IntStream.range(0,100) .map(i->1)

100
IntStream.range(0,100) .map(i->1) .parallel()

79, 63, 100, ...
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Reducers

m OepyT NOTOK M JatoT HEKOTOPbIV Ckansap:
int s =
stream.reduce(0, (x, y) -> x + y);
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Reducers

m OepyT NOTOK M JatoT HEKOTOPbIV Ckansap:
int s =
stream.reduce(0, (x, y) -> x + y);

m HekoTopble oTAatoT Optional<T>, 4yTobb
OT/AINYaTb NYCTOTY:
Optional<Integer> o =
stream.reduce((x, y) -> x + y);
Integer 1 =
stream.reduce(0, (x, y) -> x + y);
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Sinks/Collectors

B CK/1aAblBalOT COAEPXKMNMOE MOTOKA:

List<Integer> list =
IntStream.range (0, 100).boxed ()
.collect(Collectors.tolList ());
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Sinks/Collectors

B CK/1aAblBalOT COAEPXKMNMOE MOTOKA:

List<Integer> list =
IntStream.range (0, 100).boxed ()
.collect(Collectors.tolList ());

B MOTYT NPUHNMATb CJIOXKHbIE KONNEKUNWN!

Map<Integer ,Integer> map =
IntStream.range (0, 1000).boxed ()
.collect (
Collectors.toConcurrentMap (
(k) -> k } 42,
Functions.identity (),
Collectors.lastWinsMerger ()
)
);
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Parallelism
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parallelism

B MHOIMe UCTOYHUKM XOPOLLIO BbIOTCS Ha YacTy
B MHOIMMEe OrnepaLui XOpoLLo NapasiennsyroTcs
m Onbnuoteka genaet BCO paboTy 3a Hac

B «nof KanotoM» mcnonb3dyetcs ForkJoinPool
B HO: HYXKHO 3KCMINLWTHO MPOCUTL brubnnoreky

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

Q: MNMoyemy He umnanuUTHO?
A: Bbinrpbilw cuabHO 3aBUCUT OT:

m N — Konn4ecTBa 3/IEMEHTOB B UCTOYHUKE
m () — CTOMMOCTM onepauun Haf 31eMEeHTOM
m P — gocTynHoro napafennum3mMa Ha MalluHe

m C — konnyecTBa KOHKYPPEHTHbIX KITNEHTOB

ToyHo 3Haem Tonbko N.
Hennoxo npeacrasnsiem cebe P.
VYmeem xyno-bearo cnpasnatscs ¢ C.
() 04eHb CNOXKHO OLEHUTb.
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Splitterator
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Demo
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Pecypcsbl
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Pecypcbl lNone3Hnble ccblikn

m JDK8 (was Project Lambda):
http://openjdk.java.net/projects/jdk8/

m Binary builds:
https://jdk8.java.net/download.html

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

ORACLE
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http://openjdk.java.net/projects/jdk8/
https://jdk8.java.net/download.html
mailto:lambda-dev@openjdk.java.net

Q&A7Y
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yet another example

for(Method m : enclosingCandidate.getDeclaredMethods ()){
if (m.getName () .equals(enclosingInfo.getName (D)) ) {

Class<?>[] candidateParamClasses = m.getParameterTypes ();
if (candidateParamClasses.length == parameterClasses.length){
boolean matches = true;
for(int i = 0; i < candidateParamClasses.length; i++) {
if (! candidateParamClasses[i].equals(parameterClasses [i])){
matches = false;
break;
}
}

if (matches) { // finally, check return type
if (m.getReturnType (). equals(returnType) )
return m;

}
}
}

throw new InternalError ("Enclosing, method not, found");
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yet another example

return Arrays
.stream(enclosingInfo.getEnclosingClass ().getDeclaredMethods ())
.filter (m->0bjects.equals(m.getName (), enclosingInfo.getName ())
.filter (m->Arrays.equals(m.getParameterTypes () ,parameterClasses))
.filter (m->0bjects.equals(m.getReturnType (), returnType))
.findFirst ()

.orElseThrow (() ->new InternalError ("Enclosing;method not, found");
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