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Callable&Future&FutureTask{}¢8

BiEMiEThreadsFZLMRuNnableiz BRI LABIRERLAR, (BRXEMT5EEE— NI
iR REREE, DOHEASSREGITRIVERE. FEitjaval SHHRM T CallablefzRCH
X—178, mFuturefdFutureTaskgirlAF0CallablefZ OB SEEFR(FE.
CallablefIRunnablefJX 5!
BE:. MMt4FEE Callable?

1 @FunctionalInterface

Do

public interface Runnable {

3 public abstract void run();

4}

5 @FunctionalInterface

6 public interface Callable<V> {

7 V call() throws Exception;

8 }
Runnable BYTRPE:

e  FEERE—MREHE

o FHEEHEH checked Exception
Callablefycall /7RI LABIRENE, SILAFRIILHEE., # Callable BeGHIBE— Future 3§,
@i Future ATLAT BHESHUTIENR, SEBUBESAUIT, EaREESHITRISR, XL
THAEERE Runnable #RZI#Y, Callable BITHAEEELL Runnable 38X,

I new Thread(new Runnable() {

2 @Override

3 public void run() {

4 System.out.println("i#iZRunnable 7 \PATEE");

5 }

6 }).start();

8 FutureTask task = new FutureTask(new Callable() {
9 @Override

10 public Object call() throws Exception {

11 System.out.println("iifCallable s RFUTIESE");
12 Thread.sleep(3000);

13 return "REMEZZER";

14}

15 });

16 new Thread(task).start();

17 System.out.println(task.get());



Future X EIIEE
FutureFi 23 FRIFRIRunnableziECCallableESHIMITERHTIE. ENRE K. RINEER,
HENTILLEIE get 5iERIITEAR, XHZREEEIESEEISSR.
e boolean cancel (boolean mayinterruptlfRunning) BUEESEIHIT. SEUEE=S
BIEIFUTES T, HEFHESE
e boolean isCancelled () (E52ECEHE, ESEETHARISHIGHE, WiRE
true
e boolean isDone () (5 EEEETH. mELoAIRINFRESERRILE. REH
BGH, #BiREltrue
eV get () throws InterruptedException, ExecutionException ZHEEHITE
%R, REIREVIEEIIZEE, InterruptedException LFZHHRETRE .,
ExecutionExceptionfESHITHEE, WRESHEEE, T
CancellationException
e V get (long timeout, TimeUnit unit) throws InterruptedException,
ExecutionException, TimeoutException E_LEAIgetIigE—iE, £ 7T IREBAIATIEL,
SEtimeoutiSEEATATIA, uintiSERTAANEAZ, EXERTimeUnithBIEXINE
X, WNRITFEEN, EHiHTimeoutException

thread-pool
main thread

//task implements Callable blocking queue

Future f = service.submit(new Task(); ‘ taskl ‘ task2 ‘ task3 ‘ task4 ‘ ‘
I HBEE—ZEFuture,
TR
—BESHERE RIHATES

TE | B FSRARERTAR

Es Futurern
[T t0 tl 2 9

FIF FutureTask gl Future

FuturesCfFskFFutureTasksiill, ZMNSHESTRIBHBEMNEENIHRR, BHEEY
FutureTask FFEESHIRGER, FRMESRIRES: KA. EELIE. BRkE. MEFE
ZFRY FutureTask #4EEY S Future 0, ATLABEENRBUYTSAIMELER, IEEELIREUT
SR,
FutureTaskBEET AR 24 RunnablesgihfT, a4 FuturestskECallablef9iR[EI45E.



@ = Functionallnterface

I Future I Runnable

s

I RunnableFuture |

€ & FutureTask

anfaIfsEre
i Callable SEFIZ4F FutureTask t9IEEREHISEN, SRk FutureTask BUXISR, AREX
MIRIE— Runnable XI5, MEILEBHEBREREENT, SErILIBEY
FutureTask SREVESSHITRIZER.
I public class FutureTaskDemo {
2

3 public static void main(String[] args) throws ExecutionException, Interrupt
edException {

4 Task task = new Task();
/ /¥ futureTask

(2]

6  FutureTask<Integer> futureTask = new FutureTask<>(task);
7 //{ENRunnable A%
8 new Thread(futureTask).start();

10 System.out.println("taskizfr4i®: "+futureTask.get());
1}

13 static class Task implements Callable<Integer> {

15 @Override

16 public Integer call() throws Exception {
17 System.out.println("FZFEIEEIFHE");

18 int sum = 0@;

19 for (int 1 = 0; i < 100; i++) {

20 sum += 1i;

21}
22 return sum;
23}
24}



(EARG: (REENPERERES

FHPMEEEINEETIRMAGERE (BERAREAEE. AmNE. BRER. BnE
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IPREERNHRN. MRFERFutureIENIFEIMERIKFENIRSHIED, BHES0msAE
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[EE2:59
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mEEE
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I public class FutureTaskDemo2 {

2

3 public static void main(String[] args) throws ExecutionException, Interrupt
edException {

4

5 FutureTask<String> ftl = new FutureTask<>(new T1lTask());

6 FutureTask<String> ft2 = new FutureTask<>(new T2Task());

7 FutureTask<String> ft3 = new FutureTask<>(new T3Task());

8  FutureTask<String> ft4 = new FutureTask<>(new T4Task());

9  FutureTask<String> ft5 = new FutureTask<>(new T5Task());

1/ /AR

12 ExecutorService executorService = Executors.newFixedThreadPool(5);
13 executorService.submit(ftl);
14 executorService.submit(ft2);
15 executorService.submit(ft3);
16  executorService.submit(ft4);
17 executorService.submit(ft5);
18 //IREPATE R

19 System.out.println(ftl.get());
20 System.out.println(ft2.get());
21 System.out.println(ft3.get());
22 System.out.println(ft4.get());



23
24

26
27
28
29
30
31
32
59

34

36
37
38
39
40
41
42
43

62
63
64

System.out.println(ft5.get());

executorService.shutdown();

static class T1Task implements Callable<String> {
@Override

public String call() throws Exception {
System.out.println("T1l: &R MEAREE...");
TimeUnit .MILLISECONDS.sleep(590);

return " A EEAE BA WD

}

}

static class T2Task implements Callable<String> {
@Override

public String call() throws Exception {
System.out.println("T2: & HE MM, ..");

TimeUnit .MILLISECONDS.sleep(50);

return "R SRS EW LT

}

}

static class T3Task implements Callable<String> {
@Override

public String call() throws Exception {
System.out.println("T3: &R MEE. .. ");

TimeUnit .MILLISECONDS.sleep(50);

return " S EFEWIRLTL"

}

}

static class T4Task implements Callable<String> {
@Override

public String call() throws Exception {
System.out.println("T4: &R MmEF...");
TimeUnit.MILLISECONDS.sleep(50);

return " B BRI

}

}



65 static class T5Task implements Callable<String> {
66 @Override

67 public String call() throws Exception {

68 System.out.println("T5:&EHEMHEERS...");

69 TimeUnit.MILLISECONDS.sleep(50);

70 return "R ERSERRI"

71}
72}
73
74}
Future FS5HIR
o 4 for IEMMLEIREN Future BUZERIYE S block, get 75AERRTMNER timeout
PR

o Future (UESEHIAREEE. —B5m 7S, BMXAEET "B’ AR
&, FEEMNKEk

B (FHCallable FOFuture F=4EREILFE T1T?

Futuref9/5R 14
MARE LW, FutureRm—4REITHEISER. BIRM T isDone O KENITERSBEE5TH,
FEHEHEERE, L@ et O ZERBGTESR. RS ITEF, FuturefBSt2 N ERE
RENEO. B2, BRNASERIEFEEITESIRG:
o FHENTZES: Future AR T 9et()DiEFRNGER, FEHEBEMN. ATLA, bR
TERFRBITME;
o TiEWSMESHITHENER: NRFRFEETEESTAREIITIFENE, thal
AR, {BFutureiliRBIRAUXFERIRE
o  FTEHESZMES: NRRETT10MES, FHREREE(ISBITEREITE
EME, BBATEFuturedIXZTCEENHY;
o SERELIE: FutureZOFSEXTHREUIERNGE;

CompletionService

Callable+Future AJLASEEIZMaskH1TH14T, (BRNFREZRIEATtaskf TRIBINHRE
PEEESRIEAtaskii TR /aE task A BEBELER. MCompletionServiceRYEEINEEFE—
IBERES —RBESHIRENE. LRSS FHITESZBASEEEE, aTLASCISH
TR RER, ABIKEMESINE T .



1, & CompletionService
m = poll(): Future<V:=
m' = poll(long, TimeUnit): Future<V:=
m & submit(Callable<V=>): Future<V:>

submit{(Runnable, V): Future<V=
m & take(): Future<V:=

CompletionService[RFI#

WEREIEBEZERAS ! + FutureTask, SEINT{ESSSesepal U7cRENE], BESRIRIRSTstia
e, RERE— Nt eHrIBEZERAY, BT RFEENITARIFuture, BITEAERY
take73;x8kpol 77 AR LEREEI— 1 EEHIT5eMAIFuture, B ERAFutureZOSCINZE
AYgetTTiZSREN R RIEE

EdE
BNMER: BFARRBESEMN, FHREFNE

e 3EH “ThreadPoolExecutor+Future” fIFE: REMITEANAGBRE
1 // GIELRE

2 ExecutorService executor = Executors.newFixedThreadPool(3);

3 // FLIAHEESIHG

4 Future<Integer> f1 = executor.submit(()->getPriceByS1());

5 // RAFHEES2HH

6 Future<Integer> f2= executor.submit(()->getPriceByS2());

7 // FRECERES1IRMN I F P RAT

8 executor.execute(()->save(fl.get()));

9 // IRECERES24RAN I 7B R AF

10 executor.execute(()->save(f2.get())

SNSRIRENEE RS 1 IRANTAIAERTIRIS, ABARMEIRENEE RS2 AVFERTIRE, BREILRES2RMN
AU EFRHIT, ERXNEEAZEEE £ 71.9etOBR(F L,

o ({EACompletionServiceEMFeIRENRIIRIN FiRTFEIEIERE

1 //BIEE R

2 ExecutorService executor = Executors.newFixedThreadPool(10);

3 //f)##CompletionService

4 CompletionService<Integer> cs = new ExecutorCompletionService<>(executor);

5 //5PRIHERESIHN

6 cs.submit(() -> getPriceByS1());

T //5B IR RS2

8 cs.submit(() -> getPriceByS2());

9 //FT RSN

10 cs.submit(() -> getPriceByS3());



11/ /R g R b R A7 2 a0 e
12 for (int i = 0; i < 3; i++) {
13 Integer r = cs.take().get();

14  executor.execute(() -> save(r));

15 }

SCIRE{El Dubbo B Forking Clusteripst
Dubbo shB—fUfi Forking RISEHER, IXFREEHMEIN T, SR HTIEAZ MRS
B, REF—HIIHIREIESR,

1

Do

geocoder(addr) {

3 /)T AT LR 3N E AR SS
4 rl=geocoderByS1(addr);

5 r2=geocoderByS2(addr);

6 r3=geocoderByS3(addr);

7 //RErl,r2,r3H R
8/ /R E

9 return ri|r2|r3;

10 }

2 // BIEZEM
3 ExecutorService executor = Executors.newFixedThreadPool(3);
4 // flECompletionService

5 CompletionService<Integer> cs
6 // HT1RAFutureXt%

7 List<Future<Integer>> futures = new ArraylList<>(3);
8 [/ RIZAAAES, FHRfFfutureFfutures

9 futures.add(cs.submit(()->geocoderByS1()));

new ExecutorCompletionService<>(executor);

10 futures.add(cs.submit(()->geocoderByS2()));
11 futures.add(cs.submit(()->geocoderByS3()));
12 // R B RS AT 45 R

13 Integer r = 0;

14 try {

15 /) REH-ADREIRE, Nbreak

16 for (int i =0; i < 3; ++1) {

17 r = cs.take().get();

18/ /Ty BRI I ) 2 SRS B 15 B TR [

19 if (r != null) {

20 break;

21}



2
2 finally

24 //BUHPTAAES

25  for(Future<Integer> f : futures

6 f.cancel(true

8 // RFEILHR

29 return r

MABIGRE2ES
o HEENMERRBISISRIBHEREIRFERECompletionService,
CompletionServicelg&AgitiExecutorfIPEZERAF!BlockingQueueRIThEERI S TE T —
2, EHMERSESHNEEE R,
o  CompletionServiceggtBLt R ESHMUTERBF L. FTHITTAISCHAEZE
Fl, FIBXMEE, (RAIENEIEEAMENE R, BRITIBENERS, RFNEALL
HEsCIEANForking ClustenX##HIER,
o ZiEitfEE. CompletionServiceXz#FH CEIELAZ M, XM IREMaEER L MT
BFERTHUES HES RN ARIXEG.

CompletableFuturefEHi¥{%F

EERAMESS, FFutureIRIVGERAYF, BERIFHTIRINSINRESES, FEFARMT
B, REZHRSZENEFESTIRE]. 7. BREHIXR. NREBEIFaNMA Fueture
K, RIFERRTEY.

CompletableFutureZFuturelZOA9H EFIiEiE. CompletableFuturesLI 7 Futurez
O, HEER R TTFESHMY B, FEMRANT Future EIARIMFN O, FEHEERIR,
CompletableFutureSciil Y ¥HESAYGHEEET]. BENXTIEEN, FATRTLARIAMBALRAENE
SHETIE. MULARGR. NEMRE LR, XTEENEErw%Oeen. mEbiE, 8%
#d CountDownlatchZFE T Bt el LASCIESHGRHE, (ERESHMNZENE, MUGEES
TEXELAER,

jdk8 APISZ#Y: https://docs.oracle.com/javase/8/docs/api/
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I & CompletionStage D & Future
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€ & CompletableFuture

CompletionStagei&: HITHE—1ER, Bl NMAITEEER. BEHAIT, BAZE
&R ForkJoinPool.commonPool()

MARHS
R RERCER |

1. thenApply() IBRIEFSESRIER, RKiER[EMIFunction

2. thenCompose() FSRIEER MEIKIMKXRINES, EREEZMESIRE
fEidandREXER:

1. thenCombinefEE&FH, BIRENE

2. thenAccepetBoth:FIMES TG, BRI EthenAccepetBothiEiE,

FoR[EHE.

3. runAfterBoth: I MESERI TR, HUTN—2#4E (Runnable) .
fEiRorReXAR:

1. applyToEither: I MESERITHIR, SUERIF—ER, BRENE.

2. acceptEither: AMESIERATRIR, FUEFEIP—1ER, TRENE.

3. runAfterEither: 82— MESHUTER, #H1T F—2#{E(Runnable),
HiTHhiT:

CompletableFutureziH 2 B2t 7 anyOf()FlallOf() B F 2452~ CompletableFuture

FHTHIT

SERIIRE
CompletableFuture 27N IERBIE— N FESERE:
1 public static CompletableFuture<Void> runAsync(Runnable runnable)

2 public static CompletableFuture<Void> runAsync(Runnable runnable, Executor e
xecutor)

3 public static <U> CompletableFuture<U> supplyAsync(Supplier<U> supplier)

4 public static <U> CompletableFuture<U> supplyAsync(Supplier<U> supplier, Exe
cutor executor)

XN TTEX BT



e runAsync 73;ELARunnableREEIEORELAHSE, IBIREIZER, supplyAsync
73 =SupplierBBREEHEOEE IS, REIZRER WU, Supplier EOHY get() 7574
=BIREER (SEE)

o &HiIETEExecutorfyGiE&ERForkJoinPool.commonPool() {E BRI
TR, NERIEELERED, NERIEERSE ST,

o  EIABRT CompletableFuture £fFMBATAY ForkJoinPool &fEith, XIS
A BIERRIZFEEZE CPU RUIZEL (BATLAEE JVM option:-
Djava.util.concurrent.ForkJoinPool.common.parallelism ig& ForkJoinPool Z42
THAVLRIEE) . GNERFE CompletableFuture HE=—/N&FEith, BBA—BHEESHIT
—LEARIBAY 1/0 #E, MaSEEREtFELIEEREER /0 BEL, NSRS
i, HMWBENRFMRE. L, EZENRERER RS EEEER R
Zizith, LIBRERTIN

runAsync&supplyAsync

1

2
3
4

o

Runnable runnable = () -> System.out.println("#T iR [FI45 8 FHAES");

CompletableFuture.runAsync(runnable);

14 CompletableFuture<String> future = CompletableFuture.supplyAsync(() -> {

System.out.println("HATHREMELIFHLAES");
try {

Thread.sleep(5000) ;

} catch (InterruptedException e) {
e.printStackTrace();

10}

1 return "Hello World";

120 1)

3 String result = future.get();

14 System.out.println(result);

PITRIREIERNF SIS
PITEREENSSES

IRANVEER

join&get

join()fget() /7 &EPRAFIREXCompletableFuture 25 Z [ERUIREIE. join()7iAHBHAIRE
uncheck®E (BIRENENER) ASEFIFAENEH. get(mEMEHINERESTIINENS

&, ExecutionException, InterruptedException EEFAFFIE (HiHEk#E try catch)

R4S



ZCompletableFuturefUitEERTH, SHEMNHFENRHR, FHATTLBRITHER Action,
FEERTENGE:

I public CompletableFuture<T> whenComplete(BiConsumer<? super T,? super Throwa
ble> action)

2 public CompletableFuture<T> whenCompleteAsync(BiConsumer<? super T,? super T
hrowable> action)

3 public CompletableFuture<T> whenCompleteAsync(BiConsumer<? super T,? super T
hrowable> action, Executor executor)

4 public CompletableFuture<T> exceptionally(Function<Throwable,? extends T>
fn)

e Actionf92EBIEBiConsumer<? super T,? super Throwable>, BRILIAMRIFER
ITEER, HEBREER.

o TiEARLIAsyncEERE, BRREActionfERBERNEIENIT, MAsyncRgERERE
ERNEEENTAIRERERNERER, BosEsmE— N EEEHT).

o  XJINEEEISIREICompletableFuture, HActionfl{T5REeEENERIREIRE
AYCompletableFuturefJitHE Rk EIREIFE

whenComplete&exceptionally
I CompletableFuture<String> future = CompletableFuture.supplyAsync(() -> {
2 try {
3 TimeUnit.SECONDS.sleep(1l);
4} catch (InterruptedException e) {
}
6 if (new Random().nextInt(10) % 2 == @) {
7 int i =12 / 9;
8}
9 System.out.println("H#UT4EHR! ");

(2]

10 return "test";

1 });

13 future.whenComplete(new BiConsumer<String, Throwable>() {
14 @Override

15 public void accept(String t, Throwable action) {

16 System.out.println(t+" PATITER! ");

17}
18 });
19

20 future.exceptionally(new Function<Throwable, String>() {
21 @Override

22 public String apply(Throwable t) {

23 System.out.println("#ATEM: " + t.getMessage());



24 return "FExxxx";

25}
26 }).join();
TR
test H1T5ER%!
e
PITEM . java.lang.ArithmeticException: / by zero
null $1475ERK!

LR

FMBERILR, M L —RIESIHITERIEAT —IMRESHASSSENTE, M4
AR,

thenApply

thenApply ZIN—MREUFASE, (ERIZRELTE E—1CompletableFuture JERRYZS
R, FRE—EBLEERAFutureXds,

1 public <U> CompletableFuture<U> thenApply(Function<? super T,? extends U>
fn)

2 public <U> CompletableFuture<U> thenApplyAsync(Function<? super T,? extends
U> fn)

3 public <U> CompletableFuture<U> thenApplyAsync(Function<? super T,? extends
U> fn, Executor executor)

I CompletableFuture<Integer> future = CompletableFuture.supplyAsync(() -> {
2 int result = 100;

3 System.out.println("—FE: " + result);
4 return result;

5 }).thenApply(number -> {

6 int result = number * 3;

7 System.out.println(" —FE: " + result);

8  return result;

SRS
10

11 System.out.println("HZ4s 5.
—ER: 100
ZBE®: 300
EREZLER: 300

+ future.get());

thenCompose
thenCompose F9£%5—NR[E] CompletableFuture SCEIRIREL, 1ZREFHISEZ AT
BLRAER,

1 public <U> CompletableFuture<U> thenCompose(Function<? super T, ? extends Co
mpletionStage<U>> fn);



2 public <U> CompletableFuture<U> thenComposeAsync(Function<? super T, ? exten
ds CompletionStage<U>> fn) ;

3 public <U> CompletableFuture<U> thenComposeAsync(Function<? super T, ? exten
ds CompletionStage<U>> fn, Executor executor) ;

I CompletableFuture<Integer> future = CompletableFuture
2 .supplyAsync(new Supplier<Integer>() {

3 @Override

4 public Integer get() {

5 int number = new Random().nextInt(30);

6 System.out.println("ZE—FrE: " + number);

7 return number;

8 '}

9 1)

10 .thenCompose(new Function<Integer, CompletionStage<Integer>>() {
11 @Override

12 public CompletionStage<Integer> apply(Integer param) {

13 return CompletableFuture.supplyAsync(new Supplier<Integer>() {
14 @Override

15 public Integer get() {

16 int number = param * 2;

17 System.out.println("Z —FME: " + number);

18 return number;

19 3}

20 });

21}

22 });

23 System.out.println("m&4EH: " + future.get());
FE—Eg: 10
FEMER: 20

BREZER: 20

thenApply #1 thenComposefIX5l
o thenApply EZ#RAVEiZEIPRISER, IREIRYZERE—1CompletableFuture;
e thenCompose &HEBAY CompletableFuture JERRFFEFAFERL—
CompletableFutre {EFRIERE F—EHI CompletableFuture ARHTEE, 24

B— N #ri9CompletableFuture,

I CompletableFuture<String> future = CompletableFuture.supplyAsync(() -> "Hell
0");

2

3 CompletableFuture<String> resultl = future.thenApply(param -> param + " Worl
d*);



4 CompletableFuture<String> result2 = future

5 .thenCompose(param -> CompletableFuture.supplyAsync(() -> param + "
World"));

6
7 System.out.println(resultl.get());
8 System.out.println(result2.get());

Hello World
Hello World

ERiHH
S RAMBFNERERRTRERE— MR CompletableFuture RE, FEERHZERERYIHEY
HyJERM TAction, TAREIFHIITE/E.,
RIENERINEL R, SREERBN D
o thenAccept&R?%l: XERNMERIITIHE
e thenAcceptBoth&%l: XM NMERFITIEE
o thenRun&E%l: FXROER, RXYERMITAction

thenAccept
BISMRIZ R RMISEHERE AT, efiIRREEIEAConsumer, XMEORBHA, iR
BIRENE,

I public CompletionStage<Void> thenAccept(Consumer<? super T> action);
2 public CompletionStage<Void> thenAcceptAsync(Consumer<? super T> action);

3 public CompletionStage<Void> thenAcceptAsync(Consumer<? super T> action,Exec
utor executor);

1 CompletableFuture<Void> future = CompletableFuture
2 .supplyAsync(() -> {

3 int number = new Random().nextInt(10);

4 System.out.println("ZE—FE: " + number);

5 return number;

6 }).thenAccept(number ->

7 System.out.println("Z “FE: " + number * 5));

9 System.out.println("mZai: " + future.get());
F—MER: 8
FTMER: 40
BRARZER: null

thenAcceptBoth
thenAcceptBoth EREIHIERRR, ZH® CompletionStage EIEETHRITEIINRE, S
TRARaction BB N FENER,



I public <U> CompletionStage<Void> thenAcceptBoth(CompletionStage<? extends U>
other,BiConsumer<? super T, ? super U> action);

2 public <U> CompletionStage<Void> thenAcceptBothAsync(CompletionStage<? exten
ds U> other,BiConsumer<? super T, ? super U> action);

3 public <U> CompletionStage<Void> thenAcceptBothAsync(CompletionStage<? exten
ds U> other,BiConsumer<? super T, ? super U> action, Executor executor);

I CompletableFuture<Integer> futruel = CompletableFuture.supplyAsync(new Suppl
ier<Integer>() {

2 @Override

3 public Integer get() {

4 int number = new Random().nextInt(3) + 1;
5 try {

6 TimeUnit.SECONDS.sleep(number);

7} catch (InterruptedException e) {

8 e.printStackTrace();

9 }

10 System.out.println("ZH—ME: " + number);

11 return number;

12}
13 });
14

15 CompletableFuture<Integer> future2 = CompletableFuture.supplyAsync(new Supp!
ier<Integer>() {

16 @Override

17 public Integer get() {

18 int number = new Random().nextInt(3) + 1;
19  try {

20 TimeUnit.SECONDS.sleep(number);

21} catch (InterruptedException e) {

22 e.printStackTrace();

23}

24  System.out.println("Zf —FiEt: " + number);

25  return number;

26}
27 });
28

29 futruel.thenAcceptBoth(future2, new BiConsumer<Integer, Integer>() {
30  @Override

31 public void accept(Integer x, Integer y) {

32 System.out.println("®Z&LER: " + (x + y));

33}

34 }).join();



FETMER: 1
B—MER: 2
REER: 3

thenRun

thenRun RIS ERI—FNHZEREL, SthenAcceptRERIZ, thenRun &7E E—
fYER CompletableFuture i+ & 5AIFHEHIT—Runnable, RunnableFHAEHIZ
CompletableFuture 3+EHI%E

I public CompletionStage<Void> thenRun(Runnable action);
2 public CompletionStage<Void> thenRunAsync(Runnable action);

3 public CompletionStage<Void> thenRunAsync(Runnable action, Executor
executor);

| CompletableFuture<Void> future = CompletableFuture.supplyAsync(() -> {
2 int number = new Random().nextInt(10);
3 System.out.println("Z—FrBt: " + number);
4 return number;
5 }).thenRun(() ->
6 System.out.println("thenRun #4T"));
7 System.out.println("H&ZER: " + future.get());
FMEr: 2
thenRun #117
RELZER: null

SZRHES
thenCombine
thenCombine 5%, GHRNEEESHNER, HiH—SAIE,

I public <U,V> CompletionStage<V> thenCombine(CompletionStage<? extends U> oth
er,BiFunction<? super T,? super U,? extends V> fn);

2 public <U,V> CompletionStage<V> thenCombineAsync(CompletionStage<? extends
U> other,BiFunction<? super T,? super U,? extends V> fn);

3 public <U,V> CompletionStage<V> thenCombineAsync(CompletionStage<? extends
U> other,BiFunction<? super T,? super U,? extends V> fn,Executor executor);

1 CompletableFuture<Integer> futurel = CompletableFuture
2 .supplyAsync(new Supplier<Integer>() {

3 @Override

4 public Integer get() {

5 int number = new Random().nextInt(10);

6 System.out.println("Z—FBt: " + number);

7 return number;



8 '}

9 1);

10 CompletableFuture<Integer> future2 = CompletableFuture
11 .supplyAsync(new Supplier<Integer>() {

12 @Override

13 public Integer get() {

14 int number = new Random().nextInt(10);

15 System.out.println("Zf —FE: " + number);

16 return number;

17}

18 });

19 CompletableFuture<Integer> result = futurel

20  .thenCombine(future2, new BiFunction<Integer, Integer, Integer>() {
21 @Override

22 public Integer apply(Integer x, Integer y) {

23 return x + y;

24}

25 });

26 System.out.println("H&LE: " + result.get());
F—MER: 9
BMER: 5

REER: 14

(F55RE

FMBZiEaz e, BIEKMNSEESRNERNERERLR, ZB—ErIRIEHT T —L4E,
applyToEither

PNEARESTER, FERBHUTERRY, BIHZERH T T —LRIEER(F,

1 public <U> CompletionStage<U> applyToEither(CompletionStage<? extends T> oth
er,Function<? super T, U> fn);

2 public <U> CompletionStage<U> applyToEitherAsync(CompletionStage<? extends
T> other,Function<? super T, U> fn);

3 public <U> CompletionStage<U> applyToEitherAsync(CompletionStage<? extends
T> other,Function<? super T, U> fn,Executor executor);

1 CompletableFuture<Integer> futurel = CompletableFuture
2 .supplyAsync(new Supplier<Integer>() {

3 @Override

4 public Integer get() {

5 int number = new Random().nextInt(10);

6 System.out.println("Z—FiBtstart: " + number);

7 try {

8 TimeUnit.SECONDS.sleep(number);



9 } catch (InterruptedException e) {
10 e.printStackTrace();

1}
12 System.out.println("

v AN n

% —FrBend: " + number);

13 return number;
14}
15 });
16 CompletableFuture<Integer> future2 = CompletableFuture
17 .supplyAsync(new Supplier<Integer>() {
18  @Override
19 public Integer get() {
20 int number = new Random().nextInt(10);
21  System.out.println("% —FiEstart: " + number);
22 try {
23 TimeUnit.SECONDS.sleep(number);
24} catch (InterruptedException e) {
25 e.printStackTrace();
26}
27 System.out.println("#5 _fiBend: " + number);
28 return number;
29 }
30 1});
31
32 futurel.applyToEither(future2, new Function<Integer, Integer>() {
33 @Override
34 public Integer apply(Integer number) {
35  System.out.println("HREEH: " + number);
36 return number * 2;
37}
38 }).join();
=—E&start: 6
FE_ME&start: 5

E T E&end: 5
RRER: 5

acceptEither
PNELASESELR, FTRIEHITERAY, FXNZERHT T —SRIEERR(E.,

1 public CompletionStage<Void> acceptEither(CompletionStage<? extends T>
other,Consumer<? super T> action);

2 public CompletionStage<Void> acceptEitherAsync(CompletionStage<? extends T>
other,Consumer<? super T> action);

3 public CompletionStage<Void> acceptEitherAsync(CompletionStage<? extends T>
other,Consumer<? super T> action,Executor executor);



1 CompletableFuture<Integer> futurel = CompletableFuture
2 .supplyAsync(new Supplier<Integer>() {

3 @Override

4 public Integer get() {

5 int number = new Random().nextInt(10) + 1;
6 try {

7 TimeUnit.SECONDS.sleep(number);

8 } catch (InterruptedException e) {

9 e.printStackTrace();

10}

11 System.out.println("Z—FE: " + number);

12 return number;

13}
4 });
15

16 CompletableFuture<Integer> future2 = CompletableFuture
17 .supplyAsync(new Supplier<Integer>() {

18  @Override

19 public Integer get() {

20 int number = new Random().nextInt(10) + 1;
21 try {

22 TimeUnit.SECONDS.sleep(number);

23} catch (InterruptedException e) {

24 e.printStackTrace();

25 }

26 System.out.println("Z —FrE: " + number);

27  return number;

28 1}
29  });
30

31 futurel.acceptEither(future2, new Consumer<Integer>() {
32  @Override
33  public void accept(Integer number) {

34 System.out.println("mMR&5E: " + number);

35}
3% 1).3oin();
BIE: 3

=RIRER: 3

runAfterEither



MNEIEESELR, BEREI—MUTT, T N —2E8E, TROEIT4E
1 public CompletionStage<Void> runAfterEither(CompletionStage<?> other,Runnabl
e action);

2 public CompletionStage<Void> runAfterEitherAsync(CompletionStage<?> other,Ru
nnable action);

3 public CompletionStage<Void> runAfterEitherAsync(CompletionStage<?> other,Ru
nnable action,Executor executor);

I CompletableFuture<Integer> futurel = CompletableFuture
2 .supplyAsync(new Supplier<Integer>() {

3 @Override

4 public Integer get() {

5 int number = new Random().nextInt(5);

6 try {

7  TimeUnit.SECONDS.sleep(number);

8 } catch (InterruptedException e) {

9 e.printStackTrace();

10}

11 System.out.println("Z—FE: " + number);

12 return number;

13}
14 });
15

16 CompletableFuture<Integer> future2 = CompletableFuture
17 .supplyAsync(new Supplier<Integer>() {

18  @Override

19 public Integer get() {

20 int number = new Random().nextInt(5);

21 try {

22 TimeUnit.SECONDS.sleep(number);

23} catch (InterruptedException e) {

24 e.printStackTrace();

25 }

26 System.out.println("Z —FirE: " + number);

27  return number;

28 }
29  1});
30

31 futurel.runAfterEither(future2, new Runnable() {
32  @Override

33 public void run() {

34 System.out.println("B4&HF —MELTHT");



3%}

36 }).join();
F—MER: 3
BERE—MESTH T

runAfterBoth

MNEIRESELR, MM RITRK, ZHIT I —28ME, FARUIEITER.
I public CompletionStage<Void> runAfterBoth(CompletionStage<?> other,Runnable
action);

2 public CompletionStage<Void> runAfterBothAsync(CompletionStage<?> other,Runn
able action);

3 public CompletionStage<Void> runAfterBothAsync(CompletionStage<?> other,Runn
able action,Executor executor);

1 CompletableFuture<Integer> futurel = CompletableFuture
2 .supplyAsync(new Supplier<Integer>() {
3 @Override

4 public Integer get() {

5 try {

6 TimeUnit.SECONDS.sleep(1l);

7} catch (InterruptedException e) {

8 e.printStackTrace();

9 }

10 System.out.println("Z—FrEt: 1");

11 return 1;

12}

13 });

15 CompletableFuture<Integer> future2 = CompletableFuture
16 .supplyAsync(new Supplier<Integer>() {
17 @Override

18 public Integer get() {

19  try {

20 TimeUnit.SECONDS.sleep(2);

21} catch (InterruptedException e) {

22 e.printStackTrace();

23}

24 System.out.println("% . 2");

25 return 2;

26}

21 });

28



29 futurel.runAfterBoth(future2, new Runnable() {
30  @Override
31 public void run() {
32 System.out.println(" EHAMESEHATRH - ");
33}
34 }).get();

F—ME: 1

BIMER: 2

FEREMESEBITERL T .

anyOf
anyOf 75EHISEE S MATER CompletableFuture, MERUHIT—NERE, 7ERE]
X1~ CompletableFuture,

I public static CompletableFuture<Object> anyOf(CompletableFuture<?>... cfs)

1 Random random = new Random();

2 CompletableFuture<String> futurel = CompletableFuture
3 .supplyAsync(() -> {

4 try {

5 TimeUnit.SECONDS.sleep(random.nextInt(5));

6 } catch (InterruptedException e) {

7 e.printStackTrace();

8 }
9 return "hello";
10 });

12 CompletableFuture<String> future2 = CompletableFuture
13 .supplyAsync(() -> {

14 try {

15 TimeUnit.SECONDS.sleep(random.nextInt(1));

16} catch (InterruptedException e) {

17 e.printStackTrace();

18}

19 return "world";

20 });

21 CompletableFuture<Object> result = CompletableFuture.anyOf(futurel,
future2);

22 System.out.println(result.get());

world

allof



allOff5EFAsRsLI % CompletableFuture BEIRTIRE],

1

21
22
23
24
25
26

27

public static CompletableFuture<Void> allOf(CompletableFuture<?>..

CompletableFuture<String> futurel = CompletableFuture
.supplyAsync(() -> {

try {

TimeUnit.SECONDS.sleep(2);

} catch (InterruptedException e) {
e.printStackTrace();

}

System.out.println("futurels€! ");

return "futurelZEmk! ";

1)

CompletableFuture<String> future2 = CompletableFuture
.supplyAsync(() -> {
System.out.println("future2€m! ");
return "future25ERk! ";

1)

CompletableFuture<Void> combindFuture = CompletableFuture
.allof(futurel, future2);
try {
combindFuture.get();
} catch (InterruptedException e) {
e.printStackTrace();
} catch (ExecutionException e) {
e.printStackTrace();

}
System.out.println("futurel:

+ futurel.isDone() + ", future2:

future2.isDone());

future252ak!
future15eak!
futurel: true, future2: true

CompletableFuture £G4

+

. cfs)



CompletableFuture.runAsync(Runnable)

runAsyncik Bl CompletableFuture<Void>: TR E{&
supplyAsyncik ElCompletableFuture<T>:% 3R E{&

ERIABE AForkloinPool.commonPool & 25t
SEPT—AERE CompletableFuture.supplyAsync(Supplier) tﬂ?iéi{xeoutori}ﬁié ‘%ﬂi 1B Aget(). join(iR EIB EEFFLFREER
BI—TZ
thenApply thenApp\ S ne: T%E‘Tif—kkﬁ ﬁﬂ‘ﬁ SR HiREE
thenAccept REBI—MERREER, HHE. TR EHE
thenRun REEB—ANEIEMER. NTHIBE FiREE
whenComplete KER— M EENERARE, HHR. A E— 4R E{E
HELEFEN, 17, —MRBRwhenCompleteBe &5,
BRFECERBENAMERSLE
exceptionall #thenApply().thenAccept().exceptionally() HEEE
4825 FwhenComplete+exceptionally
2N RRACRINAT handle RIBRE L RE NI elses IR £B1E HEEE
thenCombine AN GEMEHROE SRMER. EREFER. HIREHE
thenAcceptBoth AGERERREE. EHMER. EREAIER. FiREIE
SEN BN TR runAfterBoth NLELEERREE. ERHEER. NTHBE. TR EHE
applyToEither AN ERMEFEOE, FHE—RER. HRAER. HREHE
acceptToEither ANLEMEFROE SRE—RER. ERHER. FiREE
FHADEBRE—HUTE  |runAfterEither NEBELREFREE, EHE—ER. NITHMEE. TR EHE
CompletableFuture.anyOf(cfl.cf2.cf3) join() SMEEE—RITRENEE. HiRE{E Object
ENEEEE CompletableFuture.allOf(cf1 cf2.cf3).join() SANEELRNITEIRE. FiREE

{ERZG: SCHMRMR "RKER" 2R

ERHFREBRAER (RFDIER) XRNEENE T —MRKERGF, PRI
R FrMiZ2 N EX

Sk | sk o
(15384) S o
Iy
| Es | SR | o=
| (158 | 2% ™ G

W FRIKERXNMEF, — MRS TIHER: BRNERE T1 f T2 KEbKiEsREzR,
T1 RERFKE. FFK, BRX=ZETR, T2 AFERE. A, Ex=E1F, H9
T AT ERXE L FINEREESF T2 ;*EEJZ%%THE’\JIF%

EFFuturesEi

I public class FutureTaskDemo3{

2

3 public static void main(String[] args) throws ExecutionException,
edException {

4 // BIEAEST2/FutureTask
5 FutureTask<String> ft2 =
6 // BIEAFEST1HFutureTask
FutureTask<String> ftl = new FutureTask<>(new T1Task(ft2));

Interrupt

new FutureTask<>(new T2Task());

-~

9 /) KRETIPITES L
10  Thread T1 = new Thread(ftl);

11 Tl.start();
12 /) LRET2PATESFE2



13

14

16
17
18

20
21
22
23

24

26
27
28
29
30
31
87
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

Thread T2 = new Thread(ft2);
T2.start();
/] SERFERETIAT 4 2R

System.out.println(ftl.get());

// T1TaskF BT AT
/] VoKAE. BEFK. S

class Ti1Task implements Callable<String> {

FutureTask<String> ft2;

[/ TUES T ET24E % FutureTask
Ti1Task(FutureTask<String> ft2){

this.ft2 = ft2;
}

@Override

public String call() throws Exception {

System.out.println("T1:¥E/K4E
TimeUnit.SECONDS.sleep(1);

System.out.println("T1:5F /K. ..

TimeUnit.SECONDS.sleep(15);
// FREXT2EFE A H:
String tf = ft2.get();

System.out.println("T1:Z2|ZH : "+tf);

System.out.println("T1:¥9%5. ..

return " 75" + tf;

}

}
// T2Taskd ZHAT KIS :
/] VEFRAE Vet ERM

class T2Task implements Callable<String> {

@Override

public String call() throws Exception {

System.out.println("T2: 5540
TimeUnit.SECONDS.sleep(1);

System.out.println("T2: ¥AHF. ..

TimeUnit.SECONDS.sleep(2);

R I

");

")s

A I

")s



System.out.println("T2:EXKNH...");
TimeUnit.SECONDS.sleep(1);

return "JEJE";

}

¥

HF CompletableFuturesLij

1

27
28
29
30
31
32
83
34

36

public class CompletableFutureDemo2 {

public static void main(String[] args) {

[/ME%L: WK - >khedfk

CompletableFuture<Void> f1 = CompletableFuture
.runAsync(() -> {
System.out.println("T1:¥e/KiE...");

sleep(1, TimeUnit.SECONDS);

System.out.println("T1:BIF/K...");

sleep(15, TimeUnit.SECONDS);

1)

[11ES2: Pk - >Te AR - >&=5ent
CompletableFuture<String> f2 = CompletableFuture
.supplyAsync(() -> {
System.out.println("T2: %4550, ..");

sleep(1, TimeUnit.SECONDS);

System.out.println("T2:¥E4AF...");
sleep(2, TimeUnit.SECONDS);

System.out.println("T2:Z 4. ..");
sleep(1, TimeUnit.SECONDS);

return "

})s

/153 AEFINUES 2 BUE AT : 7%

CompletableFuture<String> f3 = fl.thenCombine(f2, (

System.out.println("T1:ZE2|AH " + tf);
System.out.println("T1:J87%%...");
return " 45" + tf;

1)

[ 1ERHE S 3T 45 2R
System.out.println(f3.join());

}

_ ., tf) > {



37
38
89
40
41
42
43

}

static void sleep(int t, TimeUnit u){
try {

u.sleep(t);

} catch (InterruptedException e) {

}

}



