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sl —VI4EE SR T “Hello, World!” . FRATHA iGN BLLFERRA .

ThreadsLocks/HelloWorld/src/main/java/com/paulbutcher/HelloWorld.java
public class HelloWorld {

public static void main(String[] args) throws InterruptedException {
Thread myThread = new Thread() {
public void run() {
System.out.printin("Hello from new thread");
}
}i
myThread.start();
Thread.yield();
System.out.println("Hello from main thread”);
myThread.join();
}
}

X BB EIFE 8 T—ThreadSLfl, & %Mstart()FFts, myThread. run() PRI
main () BREIA T —EHLZHIT. BEmainL R HHjoin () K% EmyThreadZ Fagk#e ( B
run () FREGR[E ),

BT X BT A 45 SR T fig

Hello from main thread
Hello from new thread

AT RER

Hello from new thread
Hello from main thread
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FIERMFBITH R LR T AN LA e Tprintin() (FREJIIALE R A150% ).
ZLBGEARMEA R Z — RS TE R T REROE T, ZWIBTTIARIFAREE .

2 % BAZMAR) “Hello, World!” + %114 A T Thread.yield(), #4&48 %44 Java X
ﬁa *ﬁmi:

WBHa A B SR ARSI EANLEEGE A,
Yo R AA A Thread.yield(), & FAld#H XA —LHE, AL main KA2LF

ARLAWAT printIn() (ZAATRRIE—Z 2dott— B KN F 2 —ME: A%
AFPIRXFTRIALE, AATRSREC —E2AE, RATRALARTAIGEZ),

A4 Thread.yield() iz B4, AAAL ALt L, 4w R K Thread.sleep(1)R?

F—1BH
ZALRFNE AN, ENTEES TR Jyltfintt, FATar LI 8tk

FILRZFMER, ME—NEZESH —NRRERERA .

SRR, IHHACH

G,

public class Counting {
public static void main(String[] args) throws InterruptedException {

class Counter {

private int count = 0;

public void increment() { ++count; }

public int getCount() { return count; }
}
final Counter counter = new Counter();
class CountingThread extends Thread {

public void run() {

for(int x = 0; x < 10000; ++x)
counter.increment();

}
}
CountingThread t1 = new CountingThread();
CountingThread t2 = new CountingThread();
tl.start(); t2.start();
tl.join(); t2.join();
System.out.println(counter.getCount());
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X B ANE T — M counterdE MM EFE , B2 #f I Hlcounter. increment ()
10 0007K . XBACHSE LR A S {HAREss .

BT BACHS, IR IR AR MES R &fa =i 45 54 413850, 11867112616,
P AN S SR R N TR F counter. count X mt AR T 58 & & ( BRI T MG T
BARVERIRT T ),

WA AR X B, AR LEFRA T % e — T Javadi i 852 WAl it BR++count iy, HF1y
(PSR

getfield #2
iconst 1
iadd
putfield #2

B AR ASARIVMFEATHY, o n] DAl i X B AR Y ZE &) . getfield #2HF3KHlcount
B, iconst 1fliadd¥fR7GAYMEINT, putfield #2645 T HAY(EE [l countr ., X3 258 FR
HiE-# -5 (read-modify-write ) X,

BAnPA R RHE FHincrement (), Zf1ifTgetfield #2, FRIGF(EH42. 7ELRRIATH
fhshfEZ iy, Lff2thiihiT Tgetfield #2, KIG(H42. MERERY, BUEPI LR AR ERR 3RS AO(E
hnt, 435 mEcountd, ZEH count Akl T —k, A MK

TSR T X count AT EI F ( synchronize ) iR, —Fh oy i S2 0d Ff Javasif 42 Ji
AR RS (BB EFE (mutex ), B (monitor ) BXIIHFIX (critical section )) S [RIAE %t
increment () Y3

Thmdslo;kleounﬁngﬂxedlsrdmainljwakomlpauIbmchefICounting.java

class Counter {
private int count = 0;
»  public synchronized void increment() { ++count; }
public int getCount() { return count; }
}

e FEVE Aincrement () RS, FH3RHCounte rX G40 ARG, PREGR [mI A4 Bz a1, 5
— A 2 A — N ERE AT LA T sR A, At 2 2 V8 T ok RS i r R B B R (RS TR AT
P TR A B e — AR R B R 5t, {fifljava.util. concurrnet.atomicfu 2
b HEEE ).

PEERE, X TR 7R DIRERAES, A TR 2 IE 4SS 20000,
{EL A 18— LA 5B T — 1 bug, FRATTS BRI ETS .

EFNAE
FATH— /NIRRTy, SR — T i Be QA4 i
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ThreadsLocks/Puzzle/src/main/j
Line 1 public class Puzzle {
static boolean answerReady = false;
static int answer = 0;
static Thread t1 = new Thread() {
5 public void run() {
answer = 42;
answerReady = true;
}
+i
10 static Thread t2 = new Thread() {
public void run() {
if (answerReady)

System.out.println("The meaning of life is: " + answer);
else
15 System.out.println("I don't know the answer");
}
I
public static void main(String[] args) throws InterruptedException {

20 tl.start(); t2.start();

tl.join(); t2.join();

w,
}

AEARRI SR — RN “SEARM", IRAIEIREXTT . ARIBLRBATHNF, XY
fin tH T BB SR The meaning of life is XXS%,3 1 don't know the answer, {BA1ETF I, B4 —Fhst 5]
s

The meaning of life is: @

ft4?! *answerReady A truefifanswer] fE A0 ? X545 61T A 74T 7E B AT THR Ji2 JiE
T T HATIOUR

(HEFLFP AT RS SATRER LR . LAF BRI N H L.

Q GiFas RSO AT LITELAR TS B BRA IO ;
Q IVMIEI B S AR 2ATELA S B BT IR ;
Q BE(FAT LU RLR AT R AR RE

FERLFP AT EEMERE A, I — R AR = BB AT REX 55— NRFEA T WL, a4 run ()
.
public void run() {
while (!answerReady)

Thread.sleep(100);
System.out.println("The meaning of life is: " + answer);

}
answerReady " fEALE i true, RIBZEFT)ETCEHEH .
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MEHE FRBE, SiFEds . VM, BEEAMEFEUURAREER ., B2, EIFEET
BORSETE, SCHR SN BB TRCRETE, BT ARSI, PR AT A2
SRR AL B A

WK, T EAMERYIBEVRAT, WRERAERFRIRIVER, SRR IavaN AR .

e

JavaPN AR RYE ST Al — AR X AR IBSCT 5 — AN ERFR AT LY, JEARTR R, dniRis
LA ELRFEAMAT S, SEASBEPRUE AT WA

FiC & Wt —F R — @ KB RN B8, AR ks FE—1
LIt join () KA LB E RO LKL, fiHjava.util. concurrentflf2fitfY T E. .

REG Y ZMER— SR MALEHTFERTRY . RELh— B HTRE RAE
[, X IE L2 AT e A Ak it i b i ibug YR . B T increment () 241, getCount () %
WAHEHTEL . B/, JHgetCount () FLLFR AT REIRAS — N RRAIE (X TRl 3 B A H 4
2, getCount()FEjoin() Z/a# A, WL RABRLZ 2K, (HX Fh it A H A # M
getCounter () I CASHE T T B2/ ).

Fit, ROTHE TIEERAFFALEAT WA, X R BER T AL 2 LR B T4 R s
T HFRATE N5 =2 FE8.

Z B

ZE FRTR RS G HH—A 4518  iE BB L 2T ik RGE 1A i i 2 .
SRIMT, 3t 27 e (Al

HCXHHECRIET o RS INEARES, KEBEBLWEME, fRFAETIFEN
B MEBAIET I, SERZE8n (JavarbB— XA BN ES® ), KRZE Rk
KB

FRATPRE AR B — D2 AR P 25 (i B 2 M RRR BSE B —— T SR )R, ()7
RHMEFRESGE RS, mE2-157R, £ EEERE (REAN) #7.

PFRAPRSTHER "% E “JUR". MRYUR, TEEERMMANHET IR
—Et] (48R, XEETEREE BN, LHEERE LLEMRE—LL ), HRER, TFERRsS
TR

® http://docs.oracle.com/javase/specs/jls/se7/html/jls-17.html#jls-17.4
@ MRS G RS T R S B 8. —FE
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20!

Fl2-1  FE Rt
TS SEE T ¥R TR

Line 1 class Pfulosophe'r kext'ends Thread {
private Chopstick left, right;
private Random random;

5  public Philosopher(Chopstick left, Chopstick right) {
this.left = left; this.right = right;
random = new Random();

}
10 public void run() {
try {
while(true) {
Thread.sleep(random.nextInt(1000)); /] S —f e
- synchronized(left) { /] FrREFL
15 synchronized(right) { /] FARETF2
- Thread.sleep(random.nextInt(1000)); // 4 —f 8t/
}
}
~ }
20 } catch(InterruptedException e) {}
}

« }
$14. ISP T 55 —Fh o SO RBGT R B9 B4: synchronized(object).

ERAITAYL EWKE TR L], BT RHETRA (KRR —E ), &
FURA T2 — DI RAEIE T T K

T TRRE A T4 WERBTA P R R E 24, #RERATFUET, o

(D 55 —Fh i 2 AF PR 8 Hlsynchronized JGHt T . ——i%3# 1k
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T T T 2—FrA N — R IF SRR FAM A PR T XRSESisit il T .

— AR 2B, SR E S IEIERR AT RE. SEE AR, A — R AL AT LB
FE B —— B B — > 2R Y [ RE BN SR A B

Hrp—FpscBlan s .

Thl'“‘ P LA \m“ G i ERATE e mTR s b b e R
class Philosopher extends Thread {
»  private Chopstick first, second;
private Random random;

public Philosopher(Chopstick left, Chopstick right) {
if(left.getId() < right.getId()) {
first = left; second = right;
} else {
first = right; second = left;
}
random = new Random();

}

YYYYY

public void run() {
try {
while(true) {
Thread.sleep(random.nextInt(1000)); /] EF—fEE
»> synchronized(first) { /] FRETFL
> synchronized(second) { /] FRETF2
Thread.sleep(random.nextInt(1000)); // #&—fitiE
}
}
}
} catch(InterruptedException e) {}
}
}

FANIAFHE £ F 204 F A KIFERET, MR BT 8% 5 P95 % 5 1 H1 % 5 20981
(FADEA KOG SRR, QBRI S R2RE—EAFK ). ZIEER, KM —
EPRIAEST T R AR R

AMEREE], AR GG B, AR T Y X 2 RIUF . mix TRUSRER
AR, IR T LT, A AR ST X MDA A AN K SEPR o

1 A — A 894577 2 4k I3 8 603 (A 4 00 A B, R T @ 69 KD

if(System.identityHashCode(left) < System.identityHashCode(right)) {
first = left; second = right;
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first = right; second = left;

} else {
} |

| EAHITIF R E R TR Java i %, RRAHBAELEITZ ALY —ANAF, 12 |
R R E A R — i (BALERD, R RMMAERETREL), &Y
| RBERERAORAL, TR ALK, |

R -t i

KENEHENRE

TR A AR P i FH 38 o 2348 K ( listener ) R ffRBIRERL , 763X B, AT E— 2 M—URL
AT F#, JfHProgressListenerslT Itk .

ThreadsLocks/HttpDownload/src/main/java/com/paulbutcher/Downloader.java
class Downloader extends Thread {

private InputStream in;

private OutputStream out;

private ArraylList<ProgressListener> listeners;

public Downloader(URL url, String outputFilename) throws IOException {
in = url.openConnection().getInputStream();
out = new FileOutputStream(outputFilename);
listeners = new ArrayList<ProgressListener>();

}

public synchronized void addListener(ProgressListener listener) {
listeners.add(listener);

}

public synchronized void removelListener(ProgressListener listener) {
listeners.remove(listener);

}

private synchronized void updateProgress(int n) {
for (ProgressListener listener: listeners)

listener.onProgress(n);

}

public void run() {
int n = 0, total = 0;
byte[] buffer = new byte[1024];

try {
while((n = in.read(buffer)) != -1) {
out.write(buffer, 0, n);
total += n;
updateProgress(total);
}
out. flush();
} catch (IOException e) { }
}
}
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addListener(). removelListener()flupdateProgress()#F &4k, LB LIE
S A Pk ey i, R BEACHS AN T — 404, BT BRURRE — A FERRE B

Wik fE TupdateProgress () I T — MR T E——HX FiX MR T E— LA, Sh2
AT USRS, I 5 oh—usi. e —k, RAOTAEXH By —JCpr Mot T
AT PR, sURATEPR RN, XA AT RER SR

W — f14) e R SE b S b G AT B R TR AN B s o —Fh oy AR ) Z AT X Listenersiftfr4&
M H (defensive copy ) , FRENXT X @l A ik [T -

ThreadsLocks/HttpDownloadFixed/src/main/java/com/paulbutcher/Downloader.java

private void updateProgress(int n) {
ArraylList<ProgressListener> listenersCopy;
synchronized(this) {
> listenersCopy = (ArrayList<ProgressListener>)listeners.clone();
}

for (ProgressListener listener: listenersCopy)
listener.onProgress(n);

}

IR — A 2 S 17 . AMUETE AN 7 B:m A Rt , i B A>T Bl it
], A (bR A BeR R ERE (RIS TRRFAIELRRE ), WS FEsinTaE. PR Hlds
2T 5IF RN F— P bug—BE 5 IR YT 2§ 7EonProgress () i fflremoveListener (),
B S | EAE S T3l T R EAS

%_il%\%

F— K2 BB H . FATEIID2ES T lavaB R BRAIRARE, 7658 —KA¥EIT N2
P PEBR AL B 4 S R 5K

FE—REMNZFRTHA

AT T WA AR, I flavaXi RN BEPIEIE SR . B R TR SR 1Y
A FEEE—TCARM . FEBIMANAERT WA, e T — S Bh IR A T8 S S FE A N«

O XA 5 BT A U ) A EE R A

Q ARG LA LR

Q e R 258 1Y 4 R I SR AR B S 41 40

Q YA Bin R S R AR

Q A Br e a] R 0] g

£—XRB3

rk

Q [iE{EWilliam Pughfi) R34 “Javap AR,
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O A%£JSR 133 (Javaly ARl ) BIFAQ.
Q Javaly FERE B ANATRIE X R TR R AR AR 2 A7 JE A N A REE LR AR Z 1]

LM TFRER?
Q g WEK A" ( double-checked locking ) LA N AFRHN =
M2 S

O X FEFFMERE, FIEIT A TR E AR —2eils . Sl EH 2 K BB
AR . HEREHBHC AR AT E KM AR XL R X1 BRI LA A%
W ? BARFATEAEREF TR, RN Z AT K E BAE A LR

Q (W) ®E—BEF, EAEHRPEFEHERT, SEUNFERENTLF T XME
FZFRUAHMERE, R AJavaN AR AT REA AL TR a9 6l 7, Sk ML
S LB PRIME .

23 HFZX: BHAEN

S—KIRAT2>T T JavalyThread2E filJavaXt £ N B8 . fEd AR K —Bewtalpy, XJLF
sEJavaxi I KRR UL T A SCRE. Java Sillid5| Ajava.util. concurrent @ X MRGL.
A RIRAN T F ) X R 1G5 A B L

M EBURIRTTEERFIRE .

Q —MERBERAERFNEYIMHEAREZ G, SHXEPBNzEs s
O ZERE B, ok E e
Q KN ES, U Hsynchronizeddk,
synchronized(object) {
b 2 ¥ i i
}
X P FH 32 1 PR ol 2 AR B A R OB G AR RS A 0 AR R AR [ — A iR . BAh, A
synchronizedf pRECHSE HUEAS “iBERE", HEM TR R EUAE L P T
synchronized(this) {
<« F Ak
}
Ysynchronized A [d], ReentrantLock#f T Bz Lockfluntlock ik, AILAZERE Eik L
ASBR I

FERAZES 200, Yok B/— FReentrantLock 2 il & tsynchronized T £

Lock lock = new ReentrantLock();
lock.lock();

try {
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«f Bl F K>
} finally {

lock.unlock();
}

KB, [ try ... finalWly 2RISR, Tewailir iU k4 T4, 48
A] LA RS ORE

IEFRA 12K F B ReentrantLock 2 Q{2 ik PRI 9 .

AT R BT 5R

RN EBET, b THENKBERER PN, B ATREMESIRE . HARE /M)
¥, iliE— IR P TR

ThreadsLocks/Uninterruptible/src/main/java/com/paulbutcher/Uninterruptible.java
public class Uninterruptible {

public static void main(String[] args) throws InterruptedException {
final Object ol = new Object(); final Object 02 = new Object();

Thread t1 = new Thread() {
public void run() {
try {
synchronized(ol) {
Thread.sleep(1000);
synchronized(02) {}
}
} catch (InterruptedException e) { System.out.println("tl interrupted"); }
}
}

Thread t2 = new Thread() {
public void run() {
try {
synchronized(02) {
Thread.sleep(1000);
synchronized(ol) {}
}
} catch (InterruptedException e) { System.out.println("t2 interrupted"); }
}
¥

tl.start(); t2.start();
Thread.sleep(2000);
tl.interrupt(); t2.interrupt();
tl.join(); t2.join();
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DB P KIS B BBk SR BME— A9 77 iR L IVMBET T

R RINA T A XAt 7 ik RA L — AN EAL, ARWORAZRA, PTAH X LT AN
WAEPAA Sk [Gm R AER, °

! Sk BAZ )R AT AL run() &% ia e (T i R@E M d InterruptedException),
L R, RGBT FANESRBALS, AT R L FARNKRS, FLEAL
!Eﬁﬁﬁ%ﬁﬂT%ﬁWM@ﬁﬁ%%To
|

a. http://docs.oracle.com/javase/1.5.0/docs/guide/misc/threadPrimitiveDeprecation.html

At i A Ik U X A BR A9 . FRATTAT LU ReentrantLock B AL P B4, i & 4
lockInterruptibly () J7::

final ReéntranfLock 11 = new ReentrantLock();
final ReentrantLock 12 = new ReentrantlLock();

Thread t1 = new Thread() {
public void run() {

try {
> 11.lockInterruptibly();
Thread.sleep(1000);
» 12.lockInterruptibly();
} catch (InterruptedException e) { System.out.println("tl interrupted"); }
}

Hi

X—WKThread.interrupt () Al LATEZRFRA L . (RIS EHH L Z AU IME 24— 5, XBtE RN
FRIBT PR FR AT ) — s AT,

izl 3)

ReentrantLock%M I BB 75— PR AT LR R A4 VRS B st I, 1A A
Tifie, FATATLAE L 55— 7 R AR AR — K BT 2 AR )

TR EMGIPhilosopherts, &l AR 2 MLt 2 4R A

class Philosopher extends Thread {
private ReentrantLock leftChopstick, rightChopstick;
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private Random random;

public Philosopher(ReentrantLock leftChopstick, ReentrantLock rightChopstick) {
this.leftChopstick = leftChopstick; this.rightChopstick = rightChopstick;
random = new Random();

}

public void run() {
try {
while(true) {
Thread.sleep(random.nextInt(1000)); // ZH—fiati
leftChopstick.lock();

try {
> if (rightChopstick.tryLock(1000, TimeUnit.MILLISECONDS)) {
/1 EEEFASHET
try {
Thread.sleep(random.nextInt(1000)); // #Ae—fLu b
} finally { rightChopstick.unlock(); }
} else {
» /] BARRENE FLART, ARG
}
} finally { leftChopstick.unlock(); }

}
} catch(InterruptedException e) {}

}
}

XEACH R T tryLock () . M lock(), ‘B 7EFRBUBI L Wt A HATHLE] . FATER A Y
W6 “He 2 I I8 2 BIF REE " BHED], (HX A RRAS AR AS A2 e ( BAARL TC R HFE S
T%),

R Rtrylock() 7 £ £ T RS, RXHRRE—MRBFHFE. b4, EAF
£ Rfeist pP—C RRRBET AR PHRAH TR, LR, INAFEL LI EHAL
Yo — o R R EAZR AR, SNRA TRERBAL ., & KRHEAHREHR
BT X, 123 TR FFRAIPRAFEE TR E,

H— 7 T AR BB LR, ot BASATR TR P 0 R, R HA
42 F) AL 69 JL R, {2381 3 AL R AL TR T HUR AL — A48 5 B UG RANIE T2

AT 45

&4 (hand-over-hand locking)
BARHFA TEAERER PR A A1 8, — P 2 R AN R, (B RESR B oAt A
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21

FRBEVIEER . 10T ARG E R —5, VAW R i AR A Hviin)

e, WE2-2F 7R

AAFRBERTT A, TR AL E PO AT e, | e EsERM AT T 5. W
R RZEARFHEAGE, IB2ABMBE— T, JFBUER = . iR mm
TRZIEIARRHEACE, FURDERE T8, JFBUESE I A DAUSSHE, ERERPITFE

N4

F2-2  AZEHI

APLEIARABEITT L, B BB 9795 45

X AR SRR B BT = TE ok T A B BSE B, (Eff fReent rantLockif ] IFE T 2
#9375 8 i Lock () Flunlock () . FRATHI T A2k SEEU A AC R B AY A P it

ThreadslLocks/LinkedList/src/main/java/com/paulbutcher/ConcurrentSortedList.java
Line 1 class ConcurrentSortedList {

private class Node {

int value;
5 Node prev;
Node next;

ReentrantLock lock = new ReentrantLock();

Node() {}
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10

- Node(int value, Node prev, Node next) {

this.value = value; this.prev = prev; this.next = next;
}

-}

15

- private final Node head;

private final Node tail;

- public ConcurrentSortedList() {

20 head = new Node(); tail = new Node();

head.next = tail; tail.prev = head;
}

public void insert(int value) {
25 Node current = head;
current.lock.lock();
Node next = current.next;
try {
while (true) {
30 next.lock.lock();
try {
if (next == tail || next.value < value) {
Node node = new Node(value, current, next);
next.prev = node;
35 current.next = node;
return;
}
} finally { current.lock.unlock(); }
- current = next;
40 next = current.next;
}
} fimally { next.lock.unlock(); }
-}
-}
insert () FEARUERER A FFAY : i e R B R R BIS —ME/ N THim AR S0 E, 75
XA B RHRAR Y

F26 THIE TEERM LN, FEI0ATHUE T F—T A, BRI BIA T S R
FHAALLE . WSRAE, WIAESE3ITRFEN S 1T S gkEm . BB R AR, 5533~36
TR H T SO AR A BER G R ], PIEBIA MREE M final Ly B b E4T (553847 /I
54297 ).

XN IT RAALAT LLLE Z A KA R b A T Al ASRME, AR HAbAYHE R ME L2 2 T
Ko WCAMTHERERT s, R B 4 R BT .

ThreadsLocks/LinkedList/src/main/java/com/paulbutcher/ConcurrentSortedList.java
public int size() {

Node current = tail;

int count = 0;
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while (current.prev != head) {
ReentrantLock lock = current.lock;
lock.lock();
try {
++count;
current = current.prev;

} finally { lock.unlock(); }
}

return count; -
}
ConcurrentSortedList & insert ()7 ik Mek & K P44 ok R B ROk FEIAL . size()

 F AR AR A KRR R, AR R R AN B 8 B & SR TR
B AN

ERRHATDHE, B size()FEATHA §8i—h X —HEHATHA —A L
Lok ’

T RSEMF I Reentrantlock &5 5 —AMlt—& 4 T &, . |

FHETE

I R W T EF RS A o A BAIIIMBR T SR AT AR NS AR =S | 0 A7
IR R ZE R AT A B2 ). 2R R X R e i

HEHE BT T AR G AT A AL

ReentrantLock lock = new ReentrantLock();
Condition condition = lock.newCondition();

lock. lock();
try {
while (!«& % h»)
condition.await();
«fl B F R
} finally { lock.unlock(); }

— AR R RS —EBORHE, RARAETF IS R 2 AT ARG Bl . (RIS, 4
BRESRFNRETCENE, WRFENE, REEMIDFEEEIIT.
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RS &M R, KRS Mawait (), EXRTRMBUFHESFZRMN. il
—MMRIERRT 8, TR — MR AER L&, ZRERRSHER “CRAE" F “K
RAE", MAZRKRET—F.

M5 —PEARVE ] Tsignal () aisignalAll(), EREXTMAIRMEATREAE WA, await()
W R T K 2 F T R el AR Mawait () FRECGR IR, HRERRE S0 &1 T 4k
HE, X ABEE—AER R Fawait () R E—Mawait ()R A5, fHEEHGA
HERFFMHET A, E RG] RE R Flawait () JEPHZE.

FATXA Tk “EE R BT

ThreadsLocks/DiningPhilosophersCondition/src/main/java/com/paulbutcher/Philosopherjava
class Philosopher extends Thread {

private boolean eating;
private Philosopher left;
private Philosopher right;
private ReentrantLock table;
private Condition condition;
private Random random;
public Philosopher(ReentrantLock table) {
eating = false;
this.table = table;
condition = table.newCondition();
random = new Random();

}

public void setLeft(Philosopher left) { this.left = left; }
public void setRight(Philosopher right) { this.right = right; }

public void run() {
try {
while (true) {
think();
eat();
}
} catch (InterruptedException e) {}
}

private void think() throws InterruptedException {
table.lock();
try {
eating = false;
left.condition.signal();
right.condition.signal();
} finally { table.unlock(); }
Thread.sleep(1000);
}

private void eat() throws InterruptedException {
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table.lock();
try {
while (left.eating || right.eating)
condition.await();
eating = true;
} finally { table.unlock(); }
Thread.sleep(1000);
}
}
SZHiAR, BUAER ik R —IE481 (table ), Hi%A ChopstickE, F{1Hs 354 Mxf i
TG T XPRAS BRI . (S PE R LA SRR A gt , fhA nT LA . )ik
Uh, —MIVERA P2 SORTESERE T I 1 4~ -

!(left.eating || right.eating)

H—MFRIER, EEBERRE, XERMTERREIERE, ARERLANE
RERIETERR . WREA , BAZEFZIT IR RIS . NI Flawait () DU BIAE 5.

Y M E R RAROF IR B E N, M BB s freatingit yfalse, R/ A%
AR IR T, AR s . MR W HATELESRE, IRl s, SpraifE
BR, HHIBEER LITEHE

BIRXBANEE LR W AIMR T RE L, (Bokiy=IF M B &I 7EaT—1
frpdr g ep, aw MBLAPRGLURE R — M E KRR, O HAB A BRI A — BT IR SR
Sh—MRo TERXMRRITRF, H—DFFEE EA IR (AR g ) i, s
A LA

FATE LN TReentrantLock, FEENHAR —THBEBMBER T E—IR TR,

RTEE

B —KE2ET T, AT BLRERITEE N increment () 788N T R EHE (S22
M “HS—E8E" ¥4y ). java.util.concurrent.atomicf iRt T HIFH HEE.

TMMCRSICOUMIMIIWM&M!W:WP!UMUIC«WWM
public class Counting {
public static void main(String[] args) throws InterruptedException {

> final AtomicInteger counter = new AtomicInteger();

class CountingThread extends Thread {
public void run() {
for(int x = 0; x < 10000; ++x)
> counter.incrementAndGet();
}
}
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CountingThread t1 = new CountingThread();
CountingThread t2 = new CountingThread();

tl.start(); t2.start();
tl.join(); t2.join()

System.out.println(counter.get());
}
¥

AtomicIntegerfincrementAndGet () J7iEE0fE |44 T++count ( AtomicIntegerti$2fit
T getAndIncrement /7%, %Mt Fcount++ ). Aid S++countA[F], incrementAndGet () 77k
SRR TFIRAE.

SHALE, ERRTERAESIE. B, BRITASE T EIEFRORHERERE. o, W
getCount ()& T [ M5 & i Counter A7 ] DLPE MY M DR AN 22 A2 . AR, i A Bl 2
5, XMETEREAERERSTI LI

5, JETARREAH (lock-free ) FEMLE (non-blocking ) JikAYIERE, XAE AT LIAH]
B EREFIRALMEN. THMRBHEEAIMRGERIZ R, FEME,
java.util.concurrentfd fr 2R Bl T EBCHS, FROT0T LAE— 2R B TR H
AR T RAOTKAESE = ok F3 e2  mBLTE AR SE e — KRR G — N .

BAVT A4 Java T B 4770 volatile, X4 TVAMRIE T #4695 RACELARAT, AZAT
AT (RRL22 %6 “RENHAE" 3y), &NT ¥ I§F answerReady #7itsk volatile,
R Ak Puzzle ko510, :
volatile & —#P & 44 X9 B F ., € F A M Counter #9180 (AL 22 %#) “%—
47 %), BH ¥ count 4RiT Ak volatile H# A B4R IE count++iR45 2 B F 64,
M A& IVM A WAL, FL3 4 T — 2K FF4K 694 . volatile T F69iE A %%w’kﬂﬁ“o
Jo Bk # &4 B volatile, #.3% 5 % A& java.util.concurrent.atomic &9 F 4K 8 4 i

IR,

FoREE

BATHESE — KA HEAE |, 2% T java.util.concurrent.locksfifiljava.util.concurrent.
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atomicfUfEMtMWEEERIFEN TE, FIMEMXE T HRER, HEAE =KNFEIERK
i1t & RIS Pr AR /£ E A 8,

FZRHEMNFRTHA
ReentrantLockfljava.util.concurrent.atomicZEE 1 {# AN B8 AYBRE, A HHH T
HIRATAT U E -

QO 7ER AR T

Q ¥ BRI A A [E]

Q FAT B0 R FRBUFN R i ;

0 H&MHAZRERFREANZMENE;

Q it FH J 2 sl 4y £

F-XBE3

R

O ReentrantLockfIZA 7] LA E — MR AR R, 4 “AF" fsi? {faadE
AHEHAFRS? fAHEATFRBISERE?

0 ft4 ZReentrantReadWriteLock? ‘& 5ReentrantLock {14 X517 &M T4

Q ftaZ “HEEMEE" (spurious wakeup ) ? fHARMES K4 BEMER? I AR& TR
ARADAS L R e i 2

O 4 &AtomicIntegerFieldUpdater? ¥ 5AtomicIntegerfift4 X 57 & FA+4
Yo

Q 7E AR B R T2 KR R, SRR R B e R i f & R A4
Y& 2R R R B S 2 anfRkssignal () HemlisignalAlL() & kA 47 &5 kM4
[ 77

Q NESitkReentrantLockfRHITE L, 52 KM, HEBiIt IF—FIRHIEZH MR,
FARNER, wait(). notify()anotifyAll() EHRRITEZHENE, A4 B
[tReentrantLock&Z K7

Q #EConcurrentSortedList, FH—EHICEACE. W RIMERE., CBHE R
AEFHMERE? AR ER TR B AEH?

24 F=X: hEEANBEL

java.util.concurrentf A{URHL T 3 — KA R LN BB LT A8, B4R 4 T — 265 A |
R bug/P IR BARESH A T B, FESCPRA Y, 82 A AR, FATN T 2 i
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XA ZH R T H.

BB L A2 Z LR AR

B—RKIA¥F T T T RIBRL R, (BFEERRR AR D2 HEAI LR . 2607, T
— AR AT A IR S5 A (] AR A R -

ThreadsLocks/EchoServer/src/main/java/com/paulbutcher/EchoServer.java
public class EchoServer {

public static void main(String[] args) throws IOException {

class ConnectionHandler implements Runnable {
InputStream in; OutputStream out;
ConnectionHandler(Socket socket) throws IOException {
in = socket.getInputStream();
out = socket.getOutputStream();
}

public void run() {
try {
int n;
byte[] buffer = new byte[1024];
while((n = in.read(buffer)) !'= -1) {
out.write(buffer, 0, n);
out.flush();
}
} catch (IOException e) {}
}
}

ServerSocket server = new ServerSocket(4567);
while (true) {

> Socket socket = server.accept();
» Thread handler = new Thread(new ConnectionHandler(socket));
> handler.start();
}
}
}

pric RO FCRS T HI T 52 — S HGR RO Rl — M B R . X RER I RARBEIER T
fE, (BAFEPMNEE: B—, QRARARNTRATRE, EhREB6EE2ZMNRE, Mg
PEARARAE D TIX MU B, WSRO ERR IR —NRRR, YR R o T AL 1 %
RAGHEBERT, REMABREB M B, RSWEHEIERS EEZ A, XA R
55 e AT R A8 IR 55 MOl 9 A2t T T3z AL ”

FRATAT LA T o o i 6 ok 2 ) R
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ThreadsLocks/EchoServerBetter/src/main/java/com/paulbutcher/EchoServer.java

int threadPoolSize = Runtime.getRuntime().availableProcessors() * 2;
ExecutorService executor = Executors.newFixedThreadPool(threadPoolSize);
while (true) {

Socket socket = server.accept();

executor.execute(new ConnectionHandler(socket));

}

BRI T — i, LA R/ AT RIALEE SRR A 240 o An R[] — i () A7 i
LR/ execute () IRAFLE, #H BRI SEATHEA BRI BRI . BUAEFRAT AN P
A ERARHAE R BORGIR A", 1Ml ELAR 55 S¥7E m G & SR B BBk iz 5 ( ARREPRIENR 55
for Xof A R R 137, (B ZE /A AR o o —8 43 )

SYN:BE -k

S — K IRAT8G 2 ) i eI R AR Al e e M V8 FH ST 2%, 24 EupdateProgress () 4
HT—MRPHEER (SW2.2%H “SRASRTERNEE" FB5). JavabrifE AL T ELHER
AL 7 E—CopyOnWriteArraylList:

Thmadsuckslmtpbmludlenulﬂdmahﬂmlw“ulbmmownbadmjan
private CopyOnWriteArraylList<ProgressListener> listeners;

public void addListener(ProgressListener listener) {
listeners.add(listener);

}
public void removelListener(ProgressListener listener) {
listeners.remove(listener);

}
private void updateProgress(int n) {
for (ProgressListener listener: listeners)
listener.onProgress(n);

}

4% B X, CopyOnWriteArrayList{#ifH T R4 PEE HlAY KNS, &I A EAEm 5 R T
i, MEES R BT, ELBAMHRERISSE YR IHEIA, xR TiF2
MBI AER, BIEFERTRITY TSR,

B4, T CopyonWriteArrayListf RS SARSIER ik . L FFR T € Llisteners
HIFR A AE, HAHS 5 ER M AELRRR L 2R RRA A A X 3. Hk, (A1 3 @ik,
KA FATTAS A S R IE HlupdateProgress () B #RAIEERIAS, il H7E Listene rs gl BT G # P
] ( B listeners FHERAE XL ),

O FER T ER O A LR, MALRIENAR. —%HE
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B BAARREX AR ERRS, Pliefeibit, BAESR CPUFEYIER IO
FEA REARAESARRES, THRS LR B LT b,

EEAo, BRAELEBBEN: T CPU FEAMIES, BADE kB4 TT A
¥ FFI0OFRUAGES, BALTUAREFR XE,

R, RENFTERRE T —ANAEILTHE )R XA ERAE,

— P EENERF
S FIRT Lk FRAT 3 > T 26 TR (R B 1A e phe— 1 SEBB9 /N B : Wikipedia
R R BT R4

FE EEXR Y AE— AT E FEXML dump XY, RIEE —MEF AT E A1 B
FATLAT o (HdumpSAFZEARZH40 GiB, AbFRRTE—Lnfia], AT E AT LMEMITHRM
HIEfT?

FEMNFEA G RITR

i
e
!
i
l
|

ANRT LA ERATRRFSE T HT100 000 ( page ) AT TG AL B & A 7

Th g 3 L= P B N e T gl T Tl - T Ay S S S
ThreadsLocks/WordCoun 0 ;
- e i . &

15941 ]
A 4

public cléss WordCount { \
private static final HashMap<String, Integer> counts =
new HashMap<String, Integer>();

public static void main(String[] args) throws Exception {
Iterable<Page> pages = new Pages (100000, "enwiki.xml");
for(Page page: pages) {
Iterable<String> words = new Words(page.getText());
for (String word: words)
countWord(word) ;
}
}
private static void countWord(String word) {
Integer currentCount = counts.get(word);
if (currentCount == null)
counts.put(word, 1);
else

(D http://dumps.wikimedia.org/enwiki/
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counts.put(word, currentCount + 1)
}
}

TEFE fiMacBook Pro -, X7 24E3% 10580,
ABREiZ AT AL T F-0F & AT RRA 7 F 538 15— IR IE IR AR 5E i T W AME 5 —— 8 SE
MrXMLI{H)i&—"1Page, #KJ5 “THP%" X page, Xfpager N ASE M, u
XA AT PLH S Ry —Fh 28 MR ——4 & % —5 % & ( producer-consumer ) #i58, #HI A
H— B A=A, AT ABEM LR — M ErmE— 2
", EX—1Hr"#EParser:

ThreadsLockleordCount?;bducerc_busuﬁier]Srdmainljaiéltomlpéulphichérl?ar'sgr,jivaf; il e
class Parser implements Runnable {
private BlockingQueue<Page> queue;

public Parser(BlockingQueue<Page> queue) {
this.queue = queue;

}
public void run() {
try {
» Iterable<Page> pages = new Pages (100000, "enwiki.xml");
> for (Page page: pages)
» queue.put(page);
} catch (Exception e) { e.printStackTrace(); }

}
}

run () Y75 AR Z AT ER AT RRAS SN2 IR, (HRTT P4 B page S EIEGEHAM, T 2¥%
page/iIl ABIBAFIA FE .

R, EX—TIHTH

ThreadsLocks/WordCountProducerConsumer/src/main/java/com/paulbutcher/Counter.java
class Counter implements Runnable {
private BlockingQueue<Page> queue;
private Map<String, Integer> counts;
public Counter(BlockingQueue<Page> queue,
Map<String, Integer> counts) {
this.queue = queue;
this.counts = counts;

}

public void run() {
try {
while(true) {
» Page page = queue.take();
if (page.isPoisonPill())
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break;

Iterable<String> words = new Words(page.getText());
for (String word: words)
countWord(word) ;

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

}
}

PRATREC 58 T, Jrk MR Z AR AT AR NZEER,  AABAZ BLAREUm A o
. BIEPIAERE
N PR

ArrayBlockingQueue<Page> queue = new ArrayBIockxngOueue<Page>(160)
HashMap<String, Integer> counts = new HashMap<String, Integer>();

YYYy

Thread counter = new Thread(new Counter(queue, counts));
Thread parser = new Thread(new Parser(queue));

counter.start();
parser.start();
parser.join();

queue.put (new PoisonPill());
counter.join();

java.util.concurrentfdH ijArrayBlockingQueuesd—/~ i & BAF, dE# &S LA
F-HP AR, R TR I &R I kput () Fitake (), XS ESTELERIPHIE . HXf—
A2 BRI A F take () B, FRIF2PHZE B BIBASNAE HAEZS 5 4% — N AF A Hput () B, FRIFE
FHZE ELRI BB A 225 1) .

java.util.concurrent & RILIEME T BT, EIME T —HEF LR, RERE S
- #., dFMEMRF| ConcurrentlinkedQueue, T E4 M ERAEFRHA, AL EXA
R TEARR—AIFEM T TR

1 ARBAETEFEANRATRAS LFARTAR) REMRGEE, e, B4 2%
A BRTH R AR AN, WP e RAK, Wikipedia 49 dump £ 1< 2 4 40 GiB, &%
Balib K7 KR A B EF,
AZT, BERRFIAAHLE A NERL— AR LRI H KAk E, 2RoMid
&%,
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T3 — AT R T R T B A U] S T e 1 2B

if (page.isPoisonPill())
break;

A (poison pill ) J&—MEIRIINT S, HURHSE “BIECLBGE T, IRATRERH 77, X
JEH RBATF C/CHH Nl F 75 AT R A 25
I = - B F R TR S . FRP B T T —— N 10SEMR TH 5 79580,

WTFATAT LIMSAS B Gr o A= = S B B P SO T T RO T 2= F 2, b il 1A
FAEZ AN P B TH P - .
AR FATT N 2% B A 7 5 1 R R SR T 2R TR 7 MBS 5 T KR as T

)7 WeRiIERE— TS, RiEfrA =& sy, 2&BaHrii100 0005 ER T IT 1086,
fFEAE— T LT DU REX AR . Sl R TRROASAE 3% T 10580, 1M 7= % 1 3 AR AE 2%
TO5Eb . WARMRMTSCIFAEDY T 1080, MigeiHasiAE s 7 o5#b. ALl Yt Mae i ttrat, #ikiz
Ak [i] 23 0 3 5 A B B[] ——95 0
LAt AL, SEXN G SRR I T, AR E2-3 R T RATE M
ESL P

A%
— e
Wt \ R
_.\ TR dvark—?3
Dy b I v
ump I Acrobat—12
Advert—6

B2-3 @S2 MEE, WS R T T
IR AL E RGN, B2 — ROy ok A count s Y4 A9 ]

B, A5 HCollectionstifiisynchronizedMap () #2411 B 69 map. HEIRAY XK
[F2E ARG IF AR T -5 10 7 5, FFLAARERE I &A1, Unsffi FiHashMap, sta%i B
O SB[ () [R5
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TG MG countWord () :

ThreadsLocks/WordCountSynchronizedHashMap/src/main/java/com/paulbutcher/Counter.java
private void countWord(String word) {
»  lock.lock();
try {
Integer currentCount = counts.get(word);
if (currentCount == null)
counts.put(word, 1);
else
counts.put(word, currentCount + 1);
» } finally { lock.unlock(); }
}

WG, BUURETZ N

ThreadsLocks/WordCountSynchronizedHashMap/src/main/java/com/paulbutcher/WordCount.java

ArrayBlockingQueue<Page> queue = new ArrayBlockingQueue<Page>(100);
HashMap<String, Integer> counts = new HashMap<String, Integer>();
ExecutorService executor = Executors.newCachedThreadPool();
for (int 1 = 0; 1 < NUM COUNTERS; ++1i)
executor.execute(new Counter(queue, counts));
Thread parser = new Thread(new Parser(queue));
parser.start();
parser.join();
for (int i = @; i < NUM _COUNTERS; ++1)
queue.put(new PoisonPill());
executor.shutdown();
executor.awaitTermination(10L, TimeUnit.MINUTES);

SZRTHEAFALL, XBAUHM R TR, M EEEES R, RITELHE
FHIE RO AR AL, PRUIETH R R FE AR AT LR H

—UIERRERIESR, HENTAEBBRPRERK T o 735000 & — T — 18 923 s~
e PTAE DRI (] (i bR T8 TRAS ), naR2-1F7

®2-1 ERA—NHREMREHRE L REREL R

HEE BfiEl (#) INSEEL
! 101 1.04
2 212 0.49

AT ARG —NTH 9 SRS 7 T L8 T ki —f 2 £

BEFRIEN AL £ F—d DL ZKF R A — R, FERAITORF S, W5
AR BEIN () S5 R g A TF 98 4 BUE M counts, BT 1M S RFAS (] HLSCPRis Bt A B, ek

(D e b A B AT R T I IR O AT S A TR ) B0 L (. —— %8
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FEABZIAERE T %

UFTEFRNIA LIRSS . java. util. concurrentfdf¥jConcurrentHashMapiF &3k i &
B EAEREE T B FIE-8-5 i, SR T E &I &5 (BFRA 8558 (lock striping )
FHAR) ",

THE R T Concu rrentHashMapB’-Jcoun.tWOrd( LR u

ThreadsLocks/WordCountConcurrentHashMap/src/main/java/com/paulbutcher/Counter.java
private void countWord(String word) {
while (true) {
Integer currentCount = counts.get(word);
if (currentCount == null) {

if (counts.putIfAbsent(word, 1) == null)
break;
} else if (counts.replace(word, currentCount, currentCount + 1)) {
break;
}
}
}

AT ZEAL AT B (] e BE A XML . HAbE T putIfAbsent () filreplace () BHUE Bk Y
put () /77, putIfAbsent () AHECRYENT

Yo RIGEHRA L RMAKXIR, MAFHTRE T AT AK, L5 ATRDH K 5|
R BA R

if (!map.containsKey(key))
return map.put(key, value);
else
return map.get(key);

replace () BFHIE TR AN T .

G E BT AARIK, HIET L BIHMERITAK, L E5ATRDH K
A EELARF M.

if (map.containsKey(key) && map.get(key).equals(oldValue)) {
map.put(key, newValue);
return true;

} else return false;

4K SRR , A LI (R W 7 A RS o SRR RS,
Eij—to
BRSBTS ABERI T, 22075

(D ConcurrentHashMap B F T8 Befe AR, 7T LR FHHIF & dERE. ——% 8
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%2-2 {#MConcurrent HashMapFBf{£ 226 (8] B EL 4%

HEEE FffE) () IR EL
1 120 0.87
2 83 1.26
3 65 1.61
4 63 1.67
s 70 1.50
6 79 1.33

$RAE | U] LAE i AN T 2R AR TR . A s B4~ LA E BT S R
TR TG T e

HIROIFLHY AT LL B AT 10SFPE 15 2, (B BREA RN $RE . T AIMacBook 4 /Y
S R T AP

RATEEFRNE & N counts A — L RN E TS, 5 H T M P& #ILZ R — 1 counts,
AWEFNE TR E S A4 — D1 map, XX mapit T4 JF -

ThreadsLocks/WordCountBatchConcurrentHashMap/src/main/java/com/paulbutcher/Counter.java
private void mergeCounts() {
for (Map.Entry<String, Integer> e: localCounts.entrySet()) {
String word = e.getKey();
Integer count = e.getValue();
while (true) {
Integer currentCount = counts.get(word);
if (currentCount == null) {
if (counts.putIfAbsent(word, count) == null)
break;
} else if (counts.replace(word, currentCount, currentCount + count)) {
break;
}
}
}
}

XU PR AR P SO T — 4, angk2-3fR .

*x 23
HEE RiE) (F5) PRsEEE
1 95 1.10
2 57 1.83
3 40 2.62
4 39 2.69
5 35 2.96
6 33 3.14
7 41 2.55




24 F=K. SEEAMRAEL 37

PAE R PEREAMN Bl 2 1 B R BG i pRos $2 7, 7 ELE 4 28 Je e Re A s dk a4 7.
X AL R 3R i MacBook 215 “HRZkFE” ——H SR R 413, {H £availableProcessors ()
2R [F]8,

FE2-4/8 R T = ANFERRAS TR O PEBE

% /~ConcurrentHashMap

ConcurrentHashMap

S bk

[@ 2 fJHashMap

1 5 3 4 5 6 7
e e .
E2-4 2 EABHEAARGE R R HERE H 5

TR RIMERE S KE 5 ML, BRI REP R K, 2R aRsE, RArEE
REIMAE, RPN RE I 2 T R

HAEREP—FRATE LT T4 BT — MR IR E N R ERT, 2%
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RATE LM T LSRRG — K2
E=ZXEMNFRT 4
java.util.concurrent@42(tH TR RRWBEER S, 1 ELELUT iR FE %
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BTN W7 2 U Z AR, bR TiEHUE S, sUR R EOR RS, 25K,
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’ %R A NS T UG, T AR TARIP B it — e gk MR AR 0 R AR ) T A
R ——— IR b R ARSI, A28 AT — B AL 4R R E

Bk A F ik R TR R BT 5| IRt ie T, L REF NI E, 2T
RE A S SRR — A 618

HiiEs

R RADITIVME LR AL 585, fjava.util. concurrentfl ifE & 125 (K Java
Concurrency in Practice [GoeO6 /& NI S . ARIEF 20, S4BT o] fEH ir A
[, (EATEFRATA 20 00 A 5 ], L6 sk S . DS B R A | RS
) 31 22 BN A AR A 40 . R BT Bk O i FH A2 i .

(EAF AR, BARIRNIOGTIE T lavaliy AR, (H2 S WAF DR TR AT AR
1kJava, KEHGE F A AR AU 52 B 8958 S, 1A WA 8B SLF SR TIaT i % 4 LA e 4
il %A . FEIX Jy iJavale ek #, M — e iE LN FHIES . CRIC+HZTEC 1A
CH+ LIAREF A M T T NAEREAY

&g

PEBER FARPBRAL, 75T UL AR R SR AN — BB E AT RITMB2AEZ R ET
I A H A — LA FH A AR AR

F—E A M) RS, EAME AT AR, MTTEE e T 2072 5 SRR (AR S B
RIEEPRANTT RS R RGO RS, A ek B A 75 )5 10 AR A M E——FR AT UR 2 2T IR &
H RAILN T X e



. £
i o

PRS2 ( Functional Programming ) $£%—#imiim . Bridl 9 SUARHA G, BARERY 2
ffH, H-HERRIMMWAEBRESEEART S,

PR S 52\ (Imperative Programming ) ARl 4 sNdmfe i Cish— &5z
LRSS BB AR, 1T o 4 X G A2 MK T L R S S ik s OR M . X k= h 4l e ok
RO R, X LR sRBUR SR — X 5 (FRATTAT AMSERE B — R RS — 250 ) JF B Rl
EM. B TFERARIER, REHETUESSHBILRESE, FIEIES TR, Xt
TEIRATF T S —A T LA B ST R AT RO AY

3.1 HAE, MARERR

PR BIAA KBIA—LE N, HCR O TR Al 2 i Al AR B —— i skt 2
£FTRRE, MXNTRENEE, SLEAERB AT LAZ 23T 51

BB T 2RI R AIEAT R PR BN 2 Qs | ATE H—— e 8 n AR, i
AAS 2 188 5 phy 3 5 ] PR O 5 A [

AZE P IRATH F Clojureii 5 R4 REGUSRE , XRE—1 TiEEFT7EIVM L [fILisp /7 7 . Clojure
RTESRAET, MRYERubysPython 27 51, HEASIILEFIFAA: . BIAClojure NE—I']
A R EEUE T, AAT RETHE H R BEUIRHE . A4 RAEHT A4 Clojure, WIHRARIAAE
A2, HEFE B Stuart Halloway fll Aaron Bedra%i 5 Y ( Clojuref2Fi%it) *.

F—K, ROV RBCURBAERY, IF TR — BB %, K, A
¥ 2] ClojureffjreducerfE42, LA RTEIZMELE F 2 AMAHATIFATILAY . SB=K, ¥EBEHNIEIT5H
Ik, FIH futuref5i B flpromisetSi 61— 51 & 1Y s Web Ik %5

(D http://clojure.org
@ iZAT SO Hhy A RSB HS BRI . —— S 1



42  FHI3FT LHXHBE

3.2 H—XR: MFATKS

ST VIS BECRARN 45— ST R BE—IE AR5 A AT RE AR it
CIPRTF I R R, BORURTAEN) . T HLIE 5 frd st R
RES ¥

AFATAIHEIAT, Tl PR QIR — T AABRBGUAT . R TR A O AL

R BRI Tavall il T . B 4 RS T T IR

PRI AT TR

FHEAAARA W RS, B LRI RARE 2.

FunctionalProgramming/DateFormatBug/src/main/java/com/paulbutcher/DateParser.java

class DateParser {
private final DateFormat format = new SimpleDateFormat("yyyy-MM-dd");

public Date parse(String s) throws ParseException {
return format.parse(s);
¥
}

(B Z A LA X AR [E]— X Gt IS T ATEA BRCERM R, B isfTalfg
SAFEI T R R

Caught: java.lang.NumberFormatException: For input string: ".12012E4.12012E4"
Expected: Sun Jan 01 00:00:00 GMT 2012, got: Wed Apr 15 00:00:00 BST 2015

FRRGEAT, AR LB AR
Caught: java.lang.ArrayIndexOutOfBoundsException: -1
B EWas T, PR STRE S AR

Caught: java.lang.NumberFormatException: multiple points
Caught: java.lang.NumberFormatException: multiple points

AR B H A — R AR e, i Egr i A28 (Bifinal ), {H B4RX B LM A
IEARRNL LS, Mamg?

1N 5] B JE A & SimpleDateFo rmat N #547 BEUB A AT IR AS . R T B2 A M 3X 7 1% 41~
bug', HXFHAPRUEARbug FAEE , JavaiX Bl 5 H TS R F 8, ZEpam 7l
RS, XA FRATT I B W] i 423 & A ) JE—— M APTIG I ] i SimpleDateFormat J& 7 2 4k
R4,

(D http://bugs.sun.com/bugdatabase/view_bug.do?bug_id=4228335
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B TR T AR AR AN IE A T — 5 2 B R R R, FRATHRE—

IR EY AT RS

BRI A — P EE LR AIWebIR 55 . TR EREE B —zsh gk, RS
AL

public class Tournament {
private List<Player> players = new LinkedList<Player>();

public synchronized void addPlayer(Player p) {
players.add(p);
}

public synchronized Iterator<Player> getPlayerIterator() {
return players.iterator();
}
}

E—F L EXBAHEELBRL 2 —players 2 FAH 4 &, (L #f addPlayer() fil
getPlayerIterator()ffiffl, HMJrik#bric T synchronized. SRiE I A RLREL 20,
[Klf1getPlayerIterator ()& [FIRE{CERTI5 1 H T players WY Al AR R E——n R AEE(C A%
BEfE RS, 55— ARV H T addPlayer () ik, AB4fEFit &4l ConcurrentModification
Exceptionsi &2 5 A, sk Ui ] ZRZS MTournament i S BB 47 F ki 1.

TEIF AR, BRuRt A bt AR P AT AR RS R BB —— B AR L2 HALKUR . R fE
FFN— P AT RIS T8, SUAT LORETF X SRy, 3 IE 2 rR B RE A F A T R B . .

ClojureHE Xz jfe

T f#Clojure Lispifiiz R 5 JLA 4.

R 56 Clojure i fa] B 73 2 {# & AYREPL ( Read-Evaluate-Print Loop ), AJ LA T lein repl
FJAFREPL ( leinjfEClojurefFg7 T B ), 7EREPLH G AACHS, {CHDEAB T ZIPFT, BEA T &
G S, AT B E, XAEHITCASILKa 2 M AE I 7, REPLIEEIE, S&FW
TR

TEHER AT 5 b AR Clojuref CRZH: 7 Z095 04T .

ClojurefCfith i s-F ik XM, AT LUK s-FIA XM NS S 1991, FHiE S P Mmax (3, 5)
{EClojure 5 i, :

user=> (max 3 5)
5

HersFruRERmFRR TR, tinl + 2 * 3, il




4 F3F 2B

user=> (+ 1 (* 2 3))
7

i Fldefn] LLE L.

user=> (def meaning-of-life 42)
#'user/meaning-of-life

user=> meaning-of-life

42

R AT LS fiis- Rk :

user=> (if (< meaning-of-life ©) "negative" "non-negative")
"non-negative”

Clojure) K ZH0E A #E— 1 s-FRAK, KRMbBANHIGIS., K (Bl ) FrdEHTE
SRR

user=> (def droids ["Huey" "Dewey" "Louie"])
#'user/droids

user=> (count droids)

3

user=> (droids 0)

"Huey"

user=> (droids 2)

“Louie"

map ¥ il it 2 FAESS 5 R -

user=> (def me {:name "Paul" :age 45 :sex :male})
#'user/me

user=> (:age me)

45

map I 5EEE F O X 8 F (keyword )", KFLLE Sk, IEH LT RubyF BIFF5 ( symbol )
i Java IR B F4FH (interned string ).

i ffidefni] LIE LRk, PRESERRBILAN:

user=> (defn percentage [x p] (* x (/ p 100.0)))
#'user/percentage
user=> (percentage 200 10)

20.0
Clojurefie L2 iR LA . LARFRATIE S/ 4 Clojure iy HoAth 744
E—TERERIEF

Tl 1— E PR B R R A R ) b R AN AT AR, (H— B 26 B0 . BRAE R AR
FE—BiF .

@ Mekb KT RARClojure P I EHEA R, WIFIEHRET hifor, whilelX—4XKMT ., —FHiE
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X—MEERA, R Javaix fiir 2 RIEF, 25T mXAE

public int sum(int[] numbers) {
int accumulator = 0;
for (int n: numbers)
accumulator += n;
return accumulator;

}

Bt haccumulator @ AT A8 . 7E forfEER R A RERS BT, TRt BE AR A AN 2 bR 4k
K. HLZ T, HClojuref i R nT LAAE A ZRAR S

(défn“fecd;siVé~su
(if (empty? numbers)
0
(+ (first numbers) (recursive-sum (rest numbers)))))

RIE— R R ——recursive-sumiBHMIEH A S . R numbers A%, N&[E O,
A0, KnumbersfIFE—NITE (first) SHAITE (rest) BOFIAEIN, FR LS HE,

AT RIEAATH, (HIRREBASELF . T X A0 7 2T R 8L A -

(reduce (fn [acc x] (+ acc x)) © numbers))

X AL I T Clojurefti reduce %, HA 3NS5

MERTREL . — IR EA—1

B R FnE SCT —ANEA LT R, HARZ BN S BOTR EI S EHI . 3108 44 1k 1T PR
#itesireduce, reduceyfEf iR — A ICREEH —RALH RB—E—K, WIG1E (A<p
FR0) MG PR — N IURBAL AR R B, WIS i =
PICRIELAALH R LAEHE

SR, BATEAT AR ——+ R BRI R, BZA N SHOHRESHR ., B
T+ R e B 40 AT R R

(defn sum [numbers]
(reduce + numbers))

BAERT A T o BAVGEN T — A ir XN RT3 T AR, XA AT LA i
2 7 SR PR B O S 4 i R
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sum F % 69 7 AR P KAV A @ reduce EA04E1h

(reduce + numbers) i

| i?%%ﬂﬁ%%&%,h%ﬁr@uéﬁk—éikééiiﬁZ?@iﬁ*hﬁﬁ'
- JE%, JFA reduce 249 0:

§ sum.core=> (sum [])
0
A2, reduce ofTre@ MiZEE 0 (MAREM, Wi 1 K nil) 7 XF A Clojure
TR 5 RAE A RA AN — Rl il B SO AEAE (identity value) RAH2Z, WA+
FHEAG, ETUESEEHDGAK, a6 0 K.

user=> (+ 1 2)

3

user=> (+ 12 3 4)
10

‘ user=> (+ 42)
.’ 42

‘ user=> (+)

\ 0

LR OSSR R BB, BRI = e ik e 4F AR, Bp O,
i RiAH, XA RiEOAFLEME, PP 1,

- user=> (*)
1

4o RRH reduce MR, AR reduce HE A 0 AR A& 2, 3 R AR A A0 h
| |

\ AR —3, i THT AR L E T AR, BAMNALT LA apply k%0 sum 3 apply
TG AR A RE, B SR RIA KRR &R 1

(defn apply-s;.«;i [n;u;lbeirgli
(apply + numbers))

? o i L T SN S At T T 0 o B
|

2%, 51 reduce "R, 4/ apply &9 K474k 4 5 A T1L.
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BIFHIT

FMesf 7By, IRE 21T TR? FRE B sumpkiZe? H B
TR /N B -

FunctionalProgramming/Sum/src/sum/core.clj

(ns sum.core
(:require [clojure.core.reducers :as rl))

(defn parallel-sum [numbers]
(r/fold + numbers))

— s ek X B clojure. core. reducersfd (U di FH 48 S r ) $24LH fold
PRECE R T reduce.

FIHGEREPLEY—HiztT45 %, JBR TIEREMIPET

sum.core=> (def numbers (into [] (range 0 10000000)))
#'sum.core/numbers

sum.core=> (time (sum numbers))

"Elapsed time: 1099.154 msecs"
49999995000000

sum.core=> (time (sum numbers))

"Elapsed time: 125.349 msecs"
49999995000000

sum.core=> (time (parallel-sum numbers))
"Elapsed time: 236.609 msecs"
49999995000000

sum.core=> (time (parallel-sum numbers))
"Elapsed time: 49.835 msecs"
49999995000000

X B SEH intorR ECkE051 10 000 0002 [B] (I BCF AN E—A~23 o o, DUHAR i — 00 bh
it PR M time kA TENSE B RAS A T ] . i FARRS SEET7EIVMAP | SR B L UGz f Tt
i, DMEFHRIITH RS, XA GBS 2 LA & iz 1 T ]

TEFR DU Mac b, i foldi bR AIEF AT 125 msP&3] 750 ms, Hnsd L 42.5, 45
RPN T A ) fold I SE IR T, IUAE SCR B A Z 1T Wikipediali UG8 HHK I, SEEH:
PRI AR AR

Wikipediai@ gt it Y ok 230 b A<

AT 'S — Wikipediaiadl 48 H 19 HB 4T
AR =R

Q pR%lL, #5252 Wikipedia XML dump, i [B]dump 4 51 5 751

Q R, $EZ—T0m, R R EAE )

2= ,a

bR



48 % 3F RHXHIE

Q K%3, 22—, R B E A A map.

AN AR R A BRI &, MIARXMLELF A #3ALBE (FH5C
WATES WABBENT ). EHEETHS TS ITHASE, B2 5 A TR XX 37
frieib .

K #xmap
FAFR— L E A I map,  BERF ZHL#Clojuref B mapib FH K $i—qget Flassoc:

user=> (def counts {"apple" 2 "orange" 1})
#'user/counts

user=> (get counts "apple" 0)

2

user=> (get counts "banana" 0)

0

user=> (assoc counts "banana" 1)

{"banana" 1, "orange" 1, "apple" 2}

user=> (assoc counts "apple" 3)

{"orange" 1, "apple" 3}

get Mmaprh A4k EE, QNI B WE BIXFR(E, AN EIEIAE. assoctEZ— P mapFfl—4
BREXT, 72 mapAYRERE bR Al —ANa A8 2 FE X A9 Frmap.,

ASTG i eR 3

A C MR ISR AL T, XA R BEESZ —MAFS, IR Ml —map, X1 map
AR IR], (ER IR H B OO

FunctionalProgramming/WordCount/src/wordcount/word_frequencies.clj
(defn word-frequencies [words]
(reduce

(fn [counts word] (assoc counts word (inc (get counts word 0))))
{} words))

X BRI — 25 ) map { ME IR IR {EIE % reduce., FiXfwordstH i@ I0E, HHEHMAK
o, iH—T .

user=> (word-frequencies [“one" "potato" "two" “potato" "three" "potato" "four"])
{"four" 1, "three" 1, "two" 1, "potato" 3, "one" 1}

Clojurebr e/ O 2 ETE T IRNTHTIE —424E T frequenciesri%l, iZpRskEES X3RS,
i A TR AN TR M HBIREL

user=> (frequencies ["one" "potato" "two" “potato" "three" "potato" "four"])
{"one" 1, "potato" 3, "two" 1, “"three" 1, "four" 1}

e eee2 TS HA, )T BB R 5 XMLAL S A%k
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LS FIEXHES
o T B#A R NS, fHHE S S FIMDCHLE . B, A Eimap

user=> (map inc [0 1 2 3 4 5])

(123456)

user=> (map (fn [x] (* 2 x)) [0 12 3 4 5])

(0246 8 10)

map PREEZ — PR ELF R —ANF S, JFR [ —N8 8, % T4 A8 R R e E AR
F—R ek % F, FFLOTEMEEA TR SE, AR I A8 51 4 e &

RIG, Mréfipartialeki%l, F|Hpartialed &nT LK Em{CHS S SRR E—TF .
partiaU&sz — 1 eRERIE TS24, R8s AR R .
user=> (def multiply-by-2 (partial * 2))
#'user/multiply-by-2
user=> (multiply-by-2 3)
6

user=> (map (partial * 2) [0 1 2 3 4 5])
(0246 8 10)

R, B — A BRI, T I i 2 A e B P R

user=> (defn get-words [text] (re-seq #"\w+" text))
#'user/get-words

user=> (get-words "one two three four")

("one" "two" "three" "four")

BIR, M FELFRFE Hget -wordsiHFf i, £158]—4 4k .

user=> (map get-words ["one two three" "four five six" "seven eight nine"])
((llonell Iltwoll Ilthreeli) (Ilfourll Ibfiveli llsixn) (l'seVenll Ileightll "nine") )

Q0T B T A A —4E R, AT LA Fmapcat ;

user=> (mapcat get-words ["one two three" "four five six" "seven eight nine"])
(IIonell Iltwoll "three" lIfoUrll Ilfivell usixll “Seven" lleightll Ilninell)

— U MERS RS, BUE T LAZHEEIRN ARG i eR 8 T -

S

AR XA Rl G R ¥ A 44 A count -words - sequential, EHE7 AN GUHIFS, [FHTR
A X R il ) map «

Functional?rogramminngondCountlsrdwordcountlcore clj

(defn count-words-sequential [pages]
(frequencies (mapcat get-words pages)))

© 2B, (BRAH — R Ef (a,b, ), partial(f, 1)iR[EIEEHCFREF(1,b,c), RENESHaC 281
AT .. —iF&TE
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X BUHS B 4o (mapcat get-words pages ) 0t il JF 5 L AL GIA 751, P iR R B AE 45
frequencies,

S5Z i A XRA (202499 “— AR $4 ) Mk, BRBECRAS R R L SE
— KA BN ENIE .

s — = 4F

-
ﬁﬁﬂ~A$@¢ Wﬁ EEAEHL,

LBRIG A SEXRE, A Clojured FEHI R iME 49 (lazy ) ——HAP (970 ZAAE 5 B i Bl sk
{H. 20 .

range RS = — 1)

user=> (range 6 10)
(01234567 829)

T BN AEREPL 23 58 4 SR AE 4t o

FIEARERH L ARG — K A TR, (EXREM, PRAY s ARAT T REAE I — & AR B
JABL. HCGn R i X AT, T SR SR AR B () A AR B . (SN ):

user=> (range 0 100000000)

AR R E BT, BB ZI18 B4 -

user=> (take 10 (range 0 100000000))
(01234567 829)

th T take A7 ZHBWAETI0M LR, Hikrange AT E =410 0K . XAMHLELE LR
JZRHHRE -

user=> (take 10 (map (partial * 2) (range 0 100000000)))

(0246810 12 14 16 18)

HEATLME ISP N, iteraterf%e RERRE R sR &0 FIFIWIIAE . B—K AR
R, 55 —UKAYR [ - A RTG53 -

user=> (take 10 (iterate inc 9))
(01234567 829)

user=> (take 10 (iterate (partial + 2) 0))
(6246810 12 14 16 18)

NEFIT40 GiB, T count -wo rd s H A 1]

PR PP SR (), AUERE HAETT R (WATREAGEARH B ) AL MUFSIEILE,
EEWREIFIISTRAEMNE (WRAHETEMA) TBE R, i, Fras & EiasT
— B, (A FER A
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user=> (take-last 5 (range 0 100000000))
(99999995 99999996 99999997 99999998 99999999)

(A )54 1, get-pagesil [H] i UL i Fy 51 2 EitE (9, (A count-words 5% 4 1] LAAL#H40
GiBiyWikipedia dump. % MNXEBACHIRE S #OF T, BIRFEEARN4.

%_%IE\?E
B RI2EAEER T o 5 KM Sxbing i il MEIRA T i foldeR .
F—RXEMNFRTHA

p s TR A ARRE , A R F BT R R AR A MERE R LG Y . R G R .
g THEARRE, IR RE LR ERESMER S, AP T LT RR.

Q HimapakmapcatXf—4 3BT R TBUG
Q HIFS) e FE AR AL B KT8, HE R TCF T
Q Hreduceld/FolfLia h—1 (BB R 2209 ) 1H;
Q i fold¥} reduceitfrif4r1k.

F—KE

ik

Q [#i%EClojureff)cheat sheet, PRI A [E]Clojuref)H H pR%L .,

O [iElazy - seqi ISR, ffifilazy-seqnl @ #— Mg 751

O 5 ZRHEGEF AR, ClojureJF A SFFREMAINFR (tail-call elimination ), P H.Clojure
L R AME %I, ES recursive-sumei% ( B RAY “E— P REEEE"
43), HloopHilrecurifiisig,

Q #%5 reduce- sumpR% ( S AT “SE—A~ R BEERF" #41 ), FHEEEES 7 ( reader macro )
#() B (fn ...)

3.3 HEIX: REBAHIT

A RSk 2] ik Wikipedia il i 5t T HF2 P A T1E,, SR FHRAWDIG fold R B4, L)
18 Gy FH pR R R S BT 7

@/A—J\

BRIV TmapeR %, FOREAE R EURVON HI TH ARSI B0 R, IFR 8] o 505 1
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G IS, (X At R H S A B SR T T—Clojuref2 fit T DIREZE{ FmapApmappR%L
RV pR R e B O LAJFAT Y . pmapTERs S 45 Ra o] IOFATIHHE., BV TR Z M AR 2
TREE R, XAFFERC F R (semi-lazy ) .

PR i 1 SR ] A4 T Hofs Wikipediaf) 5T 5 31 5 4 i i) Al map ) 51 «

(pmap #(frequencies (get-words %)) pages)

AR P RS 224 (L L) RS ML S pmap Y pRAR,  SEEES 7 AT AR G B 4% bR, PRI
S EGE %1, 2%k, R EA—N28, TGRS ThRiR :

#(frequencies (get-words %))

5N S A
(fn [page] (frequencies (get-words page)))
Heilif—F
wordcount.core=> (def pages ["one potato two potato three potato four"
# => "five potato six potato seven potato more"])

#'wordcount.core/pages

wordcount.core=> (pmap #(frequencies (get-words %)) pages)
({"one" 1, "potato" 3, "two" 1, "three" 1, "four" 1}
{"five" 1, "potato" 3, "six" 1, "seven" 1, "more" 1})

BUAE AT LR A5 0 SR T A — T map, M IS B3R AT 75 2200 1R 558 5850, Fh AT PR 1% FR L
THLE I map :

Q i map A B2 PRI A map A S A0 4R

O HHEAAET— 4% Amap, ABTESS HmapH B XN (8 %5 76 5 AmapH A9 X R {H 5

O AL T W% Amapt, ARTER Hmap A 4 X 57 {8 25 7 55 A map H A8 X6 28 B A

WmE3-15R .

T AR — ML RE, B (5LUE—F) RHEFEC SR T AER K. APIICRY
mF.

(merge-with f & maps)

merge-with¥fmaps 1 H A map S I F%E — P mapH, & [FlA 5 Fmap——a1 R £~ map
B E A, ARZEEXT R M ZMEK g (MR A ) A EI45 Fmaph, &3F09 R

(f val-in-result val-in-latter).

(D David Edgar Liebke4; {1 — 1~ 8 25 5) BRf@ (4834 . http:/incanter.org/downloads/ficlj.pdf, ——iF#&E
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I one l potato two [ potato ] [ three l potato I four '
[ |
A A4
one:1 three:1
two:1 four:1
potato:2 potato:1
one:1
two:1l ]
three:1 — — > Huitkiasn
four:1 .
potato:3 | | T > AR

E3-1 H§Wikipedial) ¥ 5145 31— i) Simap

ZHIFATE ) it partial sk %L, HR Bl — 45 A B s %L, FrL) (partial merge-with +)
AT RLR [E]—> T8 I map i R &, XA~ pR U FH+ X 6] — M i) 2 T A F -

user=> (def merge-counts (partial merge-with +))

#'user/merge-counts

user=> (merge-counts {:x 1 :y 2} {:y 1 :z 1})
{:z 1, 3y 3y 1% 1}

He EAE SRRk, USR] T I TRRA ARG R -

(reduce (partial merge-with +)
(pmap #(frequencies (get-words %)) pages)))

fisE , BRI —FrERE.

F R HEA IR E M RE

TEFRMacBook Pro -, FIERATRRAS A1) 55140 1172 7 4L BE Wikipediaf¥ fif 100 000 51575 22 1 2%
140Fb, HATHRA T EAEDR94FD, TN HLE1.5, HAELMAFATER THRME, BRI,

5 ZRIELBR S8 i EEZERL (Z002.47% ), B TSIt S S80cE
A IR . A SRBEXT T AT HEALER , B K AR DS IR E R, aniE3-25 % .
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[ttt [oumidtt2 | Uitk [l st |
, T T T T
s 1] | | | |

4 \4 \4 4
[isamapt] [ssimap2]  [issimaps]  [ia%imepd]

o }--—>firmesswi]

[ttt | DU m e | v s | SUmHeas |
T T | T

[iasimap2] [iimap3] [isimaps]  [iismaps]

N\
(7T g HETOTE)

\ [ttt [ttt [tmittas] stmitixe |
T T T T
| I I |

L4 v v v
[isamap3|  [idgimap4| [idsfimaps] [islsaimaps]

——> it
------ > AN

N
[i+ st ob-->il ez 33
[E3-2  tthbF AR A iR g i
ZEBBERH , K100 0T VE I — LR T AL PE, word - countRASIERL AT .

FunctionalProgramming/WordCount/src/wordcount/core.clj

(defn count-words [pages]
(reduce (partial merge-with +)
(pmap count-words-sequential (partition-all 100 pages))))

XHEAF| T partition-alle&%L, HaJ LLE— A Faliong ot (8frirx ),
F31

user=> (partition-all 4 [12 34567 8 9 10])
((1234) (5678) (910))

1% Ai—#E, ATLLHcount-words-sequentia U 44tk o1 i #Hf TiRARSE T, RIS SIS 5.
AR, X — AL B WikipediafI AT 100 00071 75 ZAE TR 4480, $2333.21% .
AR

K, W8G2 foldE it reduce k13 TR AT AUPEREIR . A EH foldiyJFU,
FE R Clojurelf) reducersf% .
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161 & (reducer) iR TXHEES TR AL, 8 AR HmapiZZ— 1~ ek g —A> (1]
fERttE Ry ) FEA, JFRES—A (ATEERMEER ) o,

user=> (map (partial * 2) [1 2 3 4])
(246 8)

fMiclojure.core.reducersfZ{itiymap W Afa], #E5ZHIFEIMSE, (HiR EIRYZE— B2
reducible:

user=> (require '[clojure.core.reducers :as r])

nil

user=> (r/map (partial * 2) [1 2 3 4])

#<reducers$folder$reify 1599 clojure.core.reducers$folder$reify 1599@151964cd>

reducibleANREME M{E B B, TRIEASEBE S reduce:

user=> (reduce conj [] (r/map (partial * 2) [1 2 3 4]))
[2 4 6 8]

EiR T, conj R HISH — PSR~ ES (WIRIHRZSEE]), HEH A4S
HEHE—NSHeh . FIX B ZE R S5 R Tmap 2 R AR

intorR BN ERMEAT T reduce, PR WX BT 1 AR B S5 i -

user=> (into [] (r/map (partial * 2) [1 2 3 4]))
[2 46 8]

clojure. coref®{H i K45 51 4b 2 R AR A % 7 (AL T B AR AR, A48 2 il ULt iymap F1l
mapcat. Hclojure.coref2fitAypRESEMl, HALR#RRA R AT LB R B .

user=> (into [] (r/map (partial + 1) (r/filter even? [1 2 3 4])))
{3 5]

— Mg, AR REOR RS, MR R 45 5 4% 2 —— L i reduce
s foldZ A, Lt ASHEATRIE, X EEA PN EFAL

Q HRE Y REGR [ fa] 8% LR [ 51 R B, PR R TR A F )RS A 31 5

Q XMENRERENESERIE, TUAfoldiE Ik,

HERAR

R T BRI A% 09 JEE, FRATDRE B — W R SR AT AR AL 2B F clojure. core.
reducersf¥fE. BT ZHE# Clojurefl#3 ( protocol ). WMAEH 2 Flavarf (4% 11— &
—RINTENES, e X T — SIS . Clojuref) 4 &5t /2 i CollReduce UK 345
TR -

(defprotocol CollReduce
(coll-reduce [coll f] [coll f init]))




56 #3%F FJHRXHE

CollReducer ] T —/~pi#{coll-reduce, X/&—/ [ZEZ4L ( multiple arities ) PRE—H]
PHEZPIANZE (coll, f), WiTLHEZ =138 (coll, f. init), H—1SHEM Flava
i this, ZFFLEMESIR ( polymorphic dispatch ). K& FHiX BClojureftid .

(coll-reduce coll f)
5ix B AU S0 i Javaf Ui 2

coll.collReduce(f);

reduce R H R B coll-reduce, M EARAESITNIACAESA S, RITHOL
L2, reduce pRES A FH 1 3k A4

FunctionalProgramming/Reducers/src/reducers/core.clj
(defn my-reduce

([f coll] (coll-reduce coll f))

([f init coll] (coll-reduce coll f init)))

X BACH A ] T — A Z AT it iy de fnfftE——de fn il LUE X BN BOR R ) 24 R 5
( Af 2P SEON =280, my- reducefi T S50 & % coll - reduce, RBIF—TF .

reducers.core=> (my-reduce + [1 2 3 4])

10

reducers.core=> (my-reduce + 10 [1 2 3 4])
20

BUAEA LB — 2 imap iy eR &L -

FunctionalProgramming/Reducers/src/reducers/core.clj
(defn make-reducer [reducible transformf]
(reify
CollReduce
(coll-reduce [ f1]
(coll-reduce reducible (transformf f1) (f1)))
(coll-reduce [ f1l init]
(coll-reduce reducible (transformf f1) init))))

(defn my-map [mapf reducible]
(make-reducer reducible
(fn [reducef]
(fn [acc v]
(reducef acc (mapf v))))))

X B € LT make-reducer R &, H 52 — N1k 1 2% reducible H1— % 3 oR %
transformf, JfiR[a—/~CollReduceflM¥ 5], FlreifySisl— oMY, 2 F7EJavarh
new | & — % O 4 & 2 521091

iX~CollReduce M5 2 fl reduciblefficoll- reduce 7. Hffltransformfxff1
AR, JF IR REE R (DR —1 R%k ) 1E &4 coll- reduce i — 455,
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# Clojure  FX|& (L) BFHARERNOLRAKAARE, THARBTAEK:

(coll-reduce [this f1]
(coll-reduce reducible (transformf f1) (f1)))

12 B F %) & T A A # A Ak this £ kA 49,
R DR T = T SRR e e

X FE4make - reducerf i sk it ransformf, HIEZ — 1 pREE RS, IR XA PR
B AR IS RIRRAS . Limy -map A AO54 3 s ECH 191«

(fn [reducef]
(fn [acc v]
(reducef acc (mapf v))))

YN, RS, MEASTFREAN TR — AT R B 1 R —
PMEPRZAMEFE LR (acc), FE-ANSHEEESPHFENITE. L, fEmy-mapt, Xtk
fAi g reduce FHIS NS5 E Mmapf (mapfi2fEZimy -mapfIsR% ) #E1T464R ., SRIGUF— T :

reducers.core=> (into [] (my-map (partial * 2) [1 2 3 4]))
[2 46 8]

reducers.core=> (into [] (my-map (partial + 1) [1 2 3 4]))
[2 3 45]

MK, my-mapt AR ETE M .

reducers.core=> (into [] (my-map (partial * 2) (my-map (partial + 1) [1 2 3 4])))
[4 6 8 10]

WAREA T EEAE, S R R T T —RARf . fL R U (partial * 2) I
(partial + 1) &5 eR%L.

e gz ] 1 efaas i fe Lo BRAE i 2 Tk 22 S 8@k fold 2 Infafi AL fij 45
YEIATIER) o

Smia

BZ BN ITCE M EG TR, foldMf =5k, B, fold (Ir&RE) ¥iES
YR, AL RN RIL, LA, BB B U N TR BRAE ( BRIALE
2512), Hik, foldd @t iTBE N u M b . B, &N BHTmmiait, i
BT — N ERANGE R, BRI TR, mE3-30s.
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~.
.

.
"
e
-~

~.

[€3-3 fold — X H
H A fold ( FlflJava 7HFork/JoinfE4L ) G& T — AT 55 A9 FRRE, (LfTHER & 45
AGUFFATHAT o ALBHRVEER AT 5 T, T —900 S5 E—00 S a5 51
NIRRT R I BRI — T R 25, ERIRAORRT A, R R — 2 55 5,
WAL LG Foldiy sR B — 1~ ( ZRTAE 2+ ), 3 sRE0k o T e 4 Jf 4

Y. ARHBTEE LR pRECS S R BORTR], LURIRMTEF T Flix—

ST BN
A AT S E S AMUE % 7 CollReduce MY, 155 7 HFCol1Fold i

(defprotocol CollFold
(coll-fold [coll n combinef reducef]))

B FAL R A E AL coll - reduce, HTE#/ENBEZFE4S coll-fold:

FunctionalProgramming/Reducers/src/reducers/core.clj

(defn my-fold
([reducef coll]
(my-fold reducef reducef coll))

([combinef reducef coll]
(my-fold 512 combinef reducef coll))

([n combinef reducef coll]
(coll-fold coll n combinef reducef)))

MIEZ WA SHE = ZHT, my-fold Hcombinef FindRfi T ¥RIAE, JFMAI AT, M4
Z VST, my-fold¥iE HI4E S i coll- foldpR%L.

A T ikmake-reducer LHET &R, N5 % ilmake- reducersZFiCollReduceiy [l i {52
i CollFold:



FunctionalProgramming/Reducers/src/reducers/core.clj
(defn make-reducer [reducible transformf]

(reify
» CollFold
» (coll-fold [ n combinef reducef]
» (coll-fold reducible n combinef (transformf reducef)))
CollReduce

(coll-reduce [ f1]

(coll-reduce reducible (transformf f1) (f1)))
(coll-reduce [ fl init]

(coll-reduce reducible (transformf f1l) init))))

S:BCOLLFoldE T 2 F-IHCol IReduce— B Akt SHL I LT AGHFTHR . SR IH1G
ZHtE % reduciblefcoll-fold., KIGUE—TF .

reducers.core=> (def v (into [] (range 10000)))

#'reducers.core/v

reducers.core=> (my-fold + v)

49995000

reducers.core=> (my-fold + (my-map (partial * 2) v))
99990000

1B T O W NI SE 4 & b g A A e

A& ScIiRnsge it

ol 1) Z Jiia g 55, Flfold kLB f requencies REAT, JEH & A 6 FHANIR A pR B0
TrL R AE I

EunctionalJProgrammlngmgducqn/src/uduﬁﬁlmﬂtel;ﬁqﬂqﬁikadj ;

(defn parallel-frequencies [coll]
(r/fold
(partial merge-with +)
(fn [counts x] (assoc counts x (inc (get counts x 0))))
coll))

IXLEFRATTARS 14 K R i 2] (94t AL FERUAS ) count -wo rd s—— R — L B AL ] iiimap
$RJGit (partial merge-with +)i#FfT43f.

Ak T fold A HEIE M THE 720 (A b ik X eE e v gk dr — 4y ), R & I 1
Wikipediaf) GO fold. {H AT LUH— AR A BEDLEUF 51 e SE A AL

repeatedly K ¥ s 53R I 15 A9 oR 80K A8 3 — A T 95 B9 W e 91 o A 061 b 4 A Y 2
rand-intef%, EKIEAH rand-int &8 8] — P BEPLEE L

user=> (take 10 (repeatedly #(rand-int 10)))
(2628859255)
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FHF T (A% AT ARG 3 — MR R BEHLEUF 51 -

reducers.core=> (def numbers (into [] (take 10000000 (repeatedly #(rand-int 10)))))
#'reducers.core/numbers

FRTESy 9 frequenciesfiparallel - frequenciesXiZFHLEUF ¥ (1 B U R 1401 -

reducers.core=> (require ['reducers.parallel-frequencies :refer :all])

nil

reducers.core=> (time (frequencies numbers))

"Elapsed time: 1500.306 msecs"

{06 1000983, 1 999528, 2 1000515, 3 1000283, 4 997717, 5 1000101, 6 999993, --
reducers.core=> (time (parallel-frequencies numbers))

"Elapsed time: 436.691 msecs"

{0 1000983, 1 999528, 2 1000515, 3 1000283, 4 997717, 5 1000101, 6 999993, -

A L E R B T TR frequenciesizfT 11500 ms, MiHAThHIAIZST 7400+ ms, $E#EIT3.50%,

BIRRBL
FATFESE — K iHE T el F Clojure SEERIFAT . BA OB 5 1 4ne] FH future R AU Fllpromiset U
ST, VAR R e T T BE R 42 ( dataflow programming ).

FZRBEMNFRTHA

Clojure ] LUK BRI THRAVERRAS B SR HOIFA T4k

Q pmap Al LA BRETHERAVEIFATIL, #E— 2415 Amap.

Q FflHpartition-alln] LAX AT B BRETERAESE A THEAD BE, DASR B AL FRRCE

Q foldff /A TiAZ BIHNE, 7T LA L RIEREIA T,

O clojure.core. reducersfu42 2 Bimap. Zfmapcat. FEMUFilterft BE%E0R [ 1Y I
AEFY), MiRfkfEigireducible, A LA Ak TR 1E 0 KHR AT TE

FZXB3

Ak

O W& Rich HickeyfEQCon 2012 41 Z reducers 9 #L53 ,

Q [iEiEpcallsflpvalues I HHE R —X P R Spmapf fH4A X 517 ZHGEF| Hpmap
FAIEA]?

S

Q 7Emy -mapHYFERE I E#my - flattenfimy-mapcatef%l. FE: 148 Hmy-map ¥ & 2%,
(R A 5 B i AT 9 ) — oo X R B4 R P — A e e, @B R XER AT LIS
WABRERG,

Q flEmy-filtersA%¥l, Etitbmy-mapER Ay, F AT AHAFIEITE NS
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34 F=X. RERAH%

RIFIRIRAT— BAEXRIEIAT, SRS EBAFEI K. TEXZHT, BATEE—FRT R
oR R S RE R 50 M SEBRIF T4k

EIHMLEH, TERKEIRF

[l 2K, AT — HFISEE Rl —> T8 — ek U AR vT LA B R 1 iR
(EF . AP E A TS, SR DME R LHEX AN R B AR AT, G ik E
fiF17.

T oS, W AR, REIREEMLE R . BAHAMMARRSS, HEMUEEAR
R A 3464 7R A -

(reduce + (map (partial * 2) (range 10000)))

X BRI TE — AN T WS 5 B S ¥ 51— M 7 ) B T R B R T SR (E I

(reduce + (doall (map (partial * 2) (range 10000))))

X BARY B et i maph i i 751 ( doa\UsEiA R 751 %t 23U R A TRIE ), SRJ5 AT
A

(reduce + (pmap (partial * 2) (range 10000)))

X BACHS TR — W 1 F 5, XANFIRIFATRER .

(reduce + (r/map (partial * 2) (range 10000)))

X B FH A TR RO — M e 5 A T4 18T, 2L sR g+ (partial * 2)4H&
(07548

(r/fold + (r/map (partial * 2) (into [] (range 10000))))

X B E S iE range 4 P51, ARJE QI A TALIRT NG IF RO BIA , JFARAIE R X e
F AT I AT AL AT

fEJavaix Kan 2B F o, KT 5 EWFAE A IGF REME. BAHESAZTR
(runtime ) BRI AEGE M —LEALFPAT ( EINFRATHETHELRR S8 — HER BN ALFHRITRE,
Z 2.2 “YEREINAE" T4 ), BBk, SR 5HAEARS  RIRT EEA B

PRECTE S A —Fh B A XBWE L. RBERFIFARIR “WfsRIE LS BIZER", i

AEfiid “HBURNERATARER)" . Hit, TERRBGRARRET, WAL HER (EIDUT e R A
FEXE A, X IR PR AR T AR A AT (4 BT TE .

T A7 T A AR BN REE nT ABCROR E0UF , M4 20E 5 2R BA XA EE S .




62 %3% F2HX%pa

5| FiERAM:

FEAKE R R ECIE F R, BREGEREA 51 A B 9 AT AT FH eR B e 5, AR AT A pR R
AT R BT, A SXRIF = IER . KE—Lfbi+ .

(+ 1 (+23))

S5 FEACEEEN

(+ 15)

oz, ik eRBEUARS DAT 77 S — R i 2 AT sR B T4 R s ek B 8, |
FIRFRRAG R . PIIEIR T A =20 (+ (+ 1 2) (+ 3 4)):

(# (#12) (+34)) - (+ (+12)7) - (+37) — 10
AL AT AR i AR (B
(# (+#12) (#34)) - (+3 (+34)) — (+37) ~ 10

MR, IANGEIEXT Flavalf)+#E A . SlavaR iR, RECHENEA REE A 5|
FLBEAPE . S ETRATTHE % 4 Hh 8 8% pR BCR (B Y B I A

; T—% &M 455 3 2| Clojure & — 17 4k#5 9 ) 4 X35 T ——4& Clojure ¥ T A M AA
CEMERE R, IHGHBTEAT A&V,

] ARBRFRATLERRKY R, BHF LY Clojure KAk AINER, A kN
J ERH2FERAR, A—LANBET SR ATEEARL L, RESEX LA A

KT #E 8 i oy K AR A A R EA, .

B

Rl PR — TR T R a . B-RBHOR (+ (+ 1 2) (+ 3 4)) 9
i

T (+ 1 2)F(+ 3 4) ZIRATROBUCR , FTLIE bR AR E AT,
SR . AR BT, BRI T
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®—>1o

~
4/@_>7

3
E3-4 (+ (+ 1 2) (+ 3 4))05dER .

P I, A Al DL IR A Ze it &, el S HEDE” K. S5 SR BT MR Y B8R AT
AT, RO AT AT 1. FirfT pRg (/028 e b ) #RaT LARI AT . st oy sk
h# AR R AL (dataflow programming ) . Clojuredfit T futuref& 5 Fflpromiset Y 3¢ 37 # i
frr.

Futuret®#!

futurepf 8] DIEZ—BUUY , JFE—> i Y2 rh PAT ik BoA RS . R [0 — > future
IOE ¥

user=> (def sum (future (+ 1 2 3 4 5)))
#'user/sum

user=> sum

#<core$future call$reify 6110@5d4ee7d0: 15>

A AR Filde re fal {7 5 @ future X RIEF TR S L, SRARBOLACRAY(AE :

user=> (deref sum)
15

user=> @sum

15

X} futureXF R TIR S | PR BELAE AT, ELRHACSRA EAEFF AT T (BB PR Ak A8 ), B
FEFRATT AT LA R i HY P 3-4 )77 B BE i 13 1

user=> (let [a (future (+ 1 2))
# => b (future (+ 3 4))]

#=> (+ @a @b))

10

A E et (future (+ 1 2))K%%a, JFFF (future (+ 3 4))I%b, X (+ 1 2)
M+ 3 4) FRAE AT LA SIEAR RGP U T, Sa, N2 — HH%E, HRINERng:
SR,



64 % 3% aHX%pE

R, XTI EOR B E A, futareBEELR KM /NH—2Z R Bl ik 2

A ISR LB . At SEk T ##— T Clojureff)promisef 5 ,

Promisef&#!

K FfutureXf %, promiseXf G EF A RN, tiliiddefersief#s| H, fERERTHAH
FELLFE . AR —promiseXf L /5, ffi HpromiseXf RIS IEA S L ZIBAT, Mi25FF)
fldeliver AypromiseXf RMKME /G A 247, FHIH— 1 REPLZEARZE i .

user=> (def meaning-of-life (promise))

#'user/meaning-of-life

user=> (future (println “The meaning of life is:" @meaning-of-life))

#<core$future call$reify 6110@224e59d9: :pending>

user=> (deliver meaning-of-life 42)

#<core$promise$reify 6153@52c9f3c7: 42>
The meaning of life is: 42

B, Wik T — " meaning-of-lifefJpromiseXi% . X5, Hfuture%if)d—LE
FFTENHAE (XA H future R BAI B2 L A2 2 Clojure 519 ). )5, Hldeliver ApromiseXf
SWR{E, ZAitIE LA FHET

FANTE 2522 T futurefZ Y Fllpromiseti Y, FRAE &8N — A E LN .

KA WebBR 55

AT — 1 WeblilR 55, FISRIEUCEER B SOAREAE (Blan, — A~y A ), ik
T, SUAREE M B (snippet ) R, B BAER A S . LA ST - £ 2 /REVFF1EJabberwocky
(A (BB A )) B3 R86, KA BOX S

0 Twas brillig, and the slithy roves
1 Did gyre and gimble in the wabe:
2 All mimsy were the borogoves,

3 And the mome raths outgrabe.

WA E 7 Bro$2 22 3 Web iR 55, SR EADE — K1 /snippet/ORIPUTHEK , HNAR “Twas
brillig, and the slithy roves”. Bz U¥f#% & /snipper/1, VIS

RN R AAPL, SR SEHERIFAGE LRI ARE, Bk, RBEEfTE—1
IR Webllle 55 LAY, XEEZORICASRER R 20, HIK, R TFMZ&EE, LR —
SERRIRTEOL, Bl B Rk, Ei. EERSMELF#RA.

IR B S By (BD R B AL S R BBk IR 55 s O B) S 05 6% ), a7
SREMIRSE B Br O 2 el . WRLE i Br el Ab B, YRR B BRI, TR B A R AT LAk S
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FEH B, XAMEF ARG, (HAFRANTFE— T W] H 4 ok b v — 17 A ik %
F3-5J8/R T 5%
Web/l % 2 £ BT Ji B AL P

REPE B
ALRE B2

] 1 \
. | 1 1
! 1]
PUT /snippet/3——>1 g fries | 2 §i
: K —
! |
] AT R EES
:
1
1
I
1
1

REBE B4 (FEFF)

PUT /snippet/5———>

FE3-5  SORBE Ak P fE

Pl 3-5H) Ze i Web IR 55 #v B RO 2R AR, HIRAL IR AGESK s Ao B A TAb B i BER 2R, I
1RSSR F— M R B, P =T T8 snippets&ity, HoRwH TR Z M H.,

W R
FAVH T S RIC T 2w i B

FunctionalProgra

jramming, ndler/src/server/core.cli
(def snippets (repeatedly promise))

snippets /& — 1~ By promise X G #4 i 1 G 55 #1517 40 . RS B Bl e,
accept-snippet3k& A% N fYpromise it 4 Mk ;

anscriptHandler/src/server/core.clj

(deliver (nth snippets n) text))

SR THIAC B, R RIS — AR, S promise X R A TES | FHENAT ., Fildn,
T AR R LA B A T A e B

c/server/core.clj

Function

(future

(doseq [snippet (map deref snippets)]
(println snippet)))

doseqZs A TALIE—ANFF . A, doseqib BRI FH) 2 d 5 | TS () promise X 444 i 11
snippet#gal IEFEAL PRI TR .
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R0 TAE SR T A X L2 5 i — 1 Weblil 5. F A ACFSHI T Compojuref&E " :

FunctionalProgramming/TranscriptHandler/src/server/core.clj

(defroutes app-routes
(PUT “/snippet/:n" [n :as {:keys [body]}]
(accept-snippet (edn/read-string n) (slurp body))
(response “0K")))

(defn -main [& args]
(run-jetty (site app-routes) {:port 3000}))

KPR E LT —ASPUTES 1. HoB 8 fHaccept-snippet %, FAME R T /4 B 1Y Weblli
% filetty’ —— 5 K ZHWeblR 55252501, Jetty 24 R, PILERICID RALR LM,
e LA tein runfgahizifk s, JFiEad curUap S i—2eusir . b hn & % FBLo .

$ curl -X put -d "Twas brillig, and the slithy toves" \
-H "Content-Type: text/plain" localhost:3000/snippet/0
0K

e 55 4 5 F A
Twas brillig, and the slithy toves
USRAE SR B B Z i ik i B2, IR AN S T4t -

$ curl -X put -d "All mimsy were the borogoves,™ \
-H "Content-Type: text/plain" localhost:3000/snippet/2
0K

HEAT RS B

$ curl -X put -d "Did gyre and gimble in the wabe:" \
-H "Content-Type: text/plain" localhost:3000/snippet/1
0K

BAE B B vl i

Did gyre and gimble in the wabe:
All mimsy were the borogoves,

LR KR — B BOR A R, KR Y promiseX] 4 B AW EG . H KA Hdeliver
WAL AAETSNE. FrLAR 62 A2 R 8, WAL AT .

$ curl -X put -d "Did gyre and gimble in the wabe:" \
-H "Content-Type: text/plain” localhost:3000/snippet/1
0K

F, FAMD 285 2) AT B, DR — L T A B R AR AN T

@ https://github.com/weavejester/compojure
(2) hitp://www.eclipse.org/jetty/



PRI Webll 55, SRAEM— TACIS, (AT Web R 55 47 XA B

aF

FE27 2] Qe I8 BRI AR 55 22 A1, 250 i BT 5 i) T BT 91 . A0 F R4 A T g
IUAE BT RS, BT AR BT B Bal A T Bk 591, DU A7

B, FRIAF 1Y S R T 4

FunctionalProgramming/TranscriptHandler2/src/server/sentences.clj
(defn sentence-split [text]
(map trim (re-seq #"["\.!\?:;]+[\.!\?:;]*" text)))

re-seqiisz — P IENFA AR ICHL )+, R [BIVCHERAFFS . v LAt rimiH BRAS 20 B2 (K 25 4% « u

server.core=> (sentence-split "This is a sentence. Is this?! A fragment")
("This is a sentence." "Is this?!" "A fragment")

A, A — A ENFIA AR DT R4 AN — A e e ) 1

FunctionalProgramming/TranscriptHandler2/src/server/sentences.clj
(defn is-sentence? [text]
(re-matches #"~.*[\.!\7:;]1%" text))

server.core=> (is-sentence? "This is a sentence.")
"This is a sentence."

server.core=> (is-sentence? "A sentence doesn't end with a comma,")

nil

e, KX ”bfﬂtﬁﬁl\iﬁ%f —iie, f)istrings->sentencespki¥l. ZKREIEZ — N FI5 B
J¥41, —}T-ﬁfﬁ S IFA

FunctionalProgramming/T rans;ribtﬂahdte‘rzlsrcl'sewerlsentgqiggs‘.dj
(defn sentence-join [x y]
(if (is-sentence? x) y (str x " " y)))

(defn strings->sentences [strings]
(filter is-sentence?
(reductions sentence-join
(mapcat sentence-split strings))))

X HFHF T reductionseR%. 448 X, reductionsiki% 5 reduceZefbl, ME— X B2
R[] —{E, IR (] f B — 2L TR A v (M{EAY B AY P31

server.core=> (reduce + [1 2 3 4])

10

server.core=> (reductions + [1 2 3 4])
(136 10)

TEMLALH 7 sentence-joinfE AL AL, WSS — S SEUEA 5L 8] T, R [ — A
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S8 B, SR EEPINSE () SRR SR

server.core=> (sentence-join "A complete sentence.” "Start of another")
"Start of another"

server.core=> (sentence-join "This is" "a sentence.")

"This is a sentence."

Yreductions & i :

server.core=> (def fragments ["A" "sentence." "And another." "Last" "sentence."])
#'server.core/fragments

server.core=> (reductions sentence-join fragments)

("A" "A sentence." "And another." "Last" "Last sentence.")

flis-sentense?it E45 5 .

server.core=> (filter is-sentence? (reductions sentence-join fragments))
("A sentence." "And another." "Last sentence.")

PFERRAS BN T FIFS, BT LUK HAZ 45 R S BiR R IR 88 T
#EaT

{ F future B R 9 — A~ LR 7 52 5 HAMAR 55 48 Z (B B9 A5 . futuretSEBY R i/F FLARIEATAT,
R V5] P25 2 FE B RAFIRAE TS — 2 LT . T Ztranslaterfi%l, Hig[E—/MfutureXi%,

XX A future X GOR(EKS ARG RS BBIR R OG5 R :
FunctionalProgramming/TranscriptHandler2/src/server/core.clj

(def translator "http://localhost:3001/translate")

(defn translate [text]
(future
(:body (client/post translator {:body text}))))

X BHACHS I3 T clj-httpE R LAY s ¥l c lient /post, KHEATPOSTIF R IFHRBURIE . BEA]

LIMdiftranslaterdi$t, % 2ZHistrings->sentencestiés Bt THIE, HERE—-1ES.

FunctionalProgtammlngnfranscrlpmmdle@mdscfvwcm.dj, whE
(def translations

(delay
(map translate (strings->sentences (map deref snippets)))))

XIAE] T delay R, HAE— MG ) E—CEBR S | ARTA SEARE .
B3
T T A SCAS B Web il 55 11 52 8 AR5 -

(D https://github.com/dakrone/clj-http
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Line1 (def snippets (repeatedly promise))
(def translator "http://localhost:3001/translate")

5 (defn translate [text]
(future
(:body (client/post translator {:body text}))))

- (def translations
10 (delay
(map translate (strings->sentences (map deref snippets)))))

- (defn accept-snippet [n text]
(deliver (nth snippets n) text))

(defn get-translation [n]
@(nth @translations n))

- (defroutes app-routes
20 (PUT "/snippet/:n" [n :as {:keys [body]}]
(accept-snippet (edn/read-string n) (slurp body))
(response "0K"))
(GET "/translation/:n" [n]
(response (get-translation (edn/read-string n)))))
25
- (defn -main (& args]
(run-jetty (wrap-charset (api app-routes)) {:port 3000}))

XBAEG R AN T —1GETA 1, FRIEBBIRAYLE R (552377 ). HiP (i Tget-transla
tioneR%L (5H1647 ), HZEijjlaltranslations/¥3.

BUAETT ST — FRATMBR T o e o LI aIEi s 4, A5 R SR BRI SR
B ST 4%, Wiz TTranscriptTestf2lF ([MFERAERCEICID T ), BRI 24 AEFR Bk
Jabberwocky %) B ETE :

$ lein run

Il brilgue, les téves lubricilleux Se gyrent en vrillant dans le guave:

Enmimés sont les gougebosqueux Et le mémerade horsgrave.

Garde-toi du Jaseroque, mon fils!

La gueule qui mord; la griffe qui prend!

Garde-toi de l'oiseau Jube, évite Le frumieux Band- a -prend!
Kowu»

2 WA T Hir MEREia T BT . futureF T | promisef& Y (15 4 (1 - & Web
MR %5a% . HAPEAMATARS, WA, WEHGSRIES TSN m L, i
M7 R B 5 15
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@b Web R 1€ R T mAM5 4 7). snippets #= translations, #24—HAHA ‘
EAMNFFOGRAE (AL 32 FF “ME—a4F" ), BRIANSFAR—EK,
AL LA B AR RAL 3 09 4, |
. TFT—%&MHF % 3 4T A Clojure #9531 Al X 2 AMEXARE, F5% Webi 4, it ‘
TR S AR B, '

R

E N Y~

AR T = KA2E2 L xRS T ] F R B A s RUh SE B T RO &

FZRXEMNFRTHA

PR B G B ) PR ESCELAT 5 I L R R 3R T DA e 4 b X e S0 SR (B 14 7 0
W MIASEWRBNFERFALETT . (A —FR0E, RO REME T LA R 1 A R A 5080 i o
BUF A ST, X AR A B F AR ( Clojuret it future i I Filpromise i A Xt Hib 47 34 ).
g —AF, SRR L T WebliiR 55 (195588

E=XKBE3

Ak

Q futurefuture-callH A7 ] HH Ap—A~SEBL 5 —A~7

Q ] % 50— future Xt SR EAHE ST THHIE? TG — 1> futureX) 427

Lk

O Mz AR A SCA L FEAR 45 %%, b3 % fi/translation/:nAYGETIF 2RI, USRI 1S4

FHELE R, ERAUEATRHZE, MR FPIRZEHS409.

Q M UE S LA R 55 4% . HR A5 pREGKRRA —FERTIG7 Il (e e A7
TEAS AN

35 &3

VP ANRFHAT R BRI ATAE — DR —— IR I AT—E PR AFE T, WERASERT TR T,
AR AT THEAS REMKH AL — RO A TN Y2520, bzt 20 845 S 5 2% 1
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MR, A — I R TR —E SN A AT . O E R A AT i ——A —SLi R R
AR T . (AR EEIRE T R TR AR A B E T . B, XT0E10 0002 [ %L
SR, B SR AT O AT, ASEESS R TG 2 AR B> Wikipedia dump
PTG T, AR B A

TEAH AR SR AR F b, KREEOERY S8 S SR EA K [ TR B (1 A e 1
1117 S B T o Ay v

PR LA 5 B, A AT AR S R AT , AN 2 R S 2 S R
FRATAT LUGUER i 35 b3 1 KR e 57 %) R BOFA TP T——ARTE 19 () o 1) PR XA S 4 ) bl e 8K
AACHIFATIL T .

P A

E BENBHBRA AR — LR FHERTHE, PlleftF 2FH, Lkt
. (Category theory), £MM T —¥FRABHH G4, HEAATRIEHE, HH 22

‘ A2/ R BALIE S A BIFRAALE LA TFEZTHEAR A4, 28 Java, Scala Z £
BALARETHIKE, 54K Ruby, Python Z £)ah A A E T HARBRZ T ANE N,

HERDETBOAFRLTFRLMAFERGEL, AARIHEGRM, HFEA
REAREAHRAE LT ER, LA ALTAMAIATHRE,

A AN ES RBEALS R LTI s R A, 12425 R BARIETH 4 4 £ 042
BEEAFREEA A,
’ Fo iy e X S A2 69 T % AL MR A LA 50, 1R Haskell iX A 4 4 £ A 64 o % X352 )
TR EBFRERA DAY AGIEM T AT DI T A F ke X 4 T L
RGE B, LR S 69 B B oT L4 ) 4K 4 6 &) 46 F
Z4% A Clojure B, & 3 X 3 S & 2 520 LB AEFA H 3, 12 Clojure 4 F 65 7<
| RBAAVEAG, ARNBAERFBRAGERNELRK, F—F @, §TFHEZERL
| AMBREER, BRAR RLAF AN EAEE R R ER LR, KR RENT
AR R 49 fide,

P oo

s

o7 1 e o P B R A S TR AT T AR 5 P P R AR BB IR T A 4 7 g A il — B BT
X AT RETT ZAELLRT 8], AR & P aE” SRRt ), HR%MiamSXRE,



72 3% HHXHpE

RBGURR P 2, HASHER, E T,

WARFENE T —A RT3, I eRBERE 095 | FHEWITE, FAT10T LU A ot A
e, sEE—DIFRE TEZ TR h T REGUIBAM AR, K HFETR
e 5 BT P A O A bugfif B P R

R

TRZ NI pR A TS LR S ) i & SUACR ORI . X TS Sy SEAFFE PR AR K
(RGBS AR REAS IR (I T T B o 7 ELF AN VR PR R 2R SR S HURE Fr (e AN FR M i 4R 7
SEfHAH,

HiiEs

AT, Java SURHN T —RIVHFEE, (X LR ] I A S S H R B, Hdis
% W jt lambda e iA5" Fistream API® . stream APISZ {5 4-484F, H2EML T Clojurefreducer, AJ LA
AT H AL B

BT A B PR BN AR AR # 2 / 2 Haskell . ARSI 2 J5 B 5255 428 09 BT A B AR A Haske IR AT AR
F . Simon Marlow [ F " 2F 2] Haskell F4 T 4w B2 FN T & 4 P2 Y 48 (506 4%

&R
AT T RBGURBAEIE & ST E I, AT AT A LT, AT

R 2P Flad, fEnl BULAPRR, nARRE R —HEMERNTAA . T—ERITE¥S
Clojure 4y 4b B pRECR BRI, [l SCAREERS I S i 345

(D http://docs.oracle.com/javase/tutorial/java/javaOO/ lambdaexpressions.html
(2) http://docs.oracle.com/javase/tutorial/collections/streams/index.html

3) http://haskell.org/

@) http://community.haskell.org/~simonmar/par-tutorial.pdf
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Clojurezig——

Jﬁ; TFr s

ﬁ 1:\1/\ lﬁ'{kn_.\ f

Fﬂ.ﬁﬂﬁiﬁéiﬂﬁgilﬁlﬂﬂ‘%ﬁI*JJWILW@?MJLE’WE,@ MR, A LA, A
i S A, AR R, 5226081, Clojureti 4@t T—Fh 75k, IRA T gt
A ASRAS—— X PP Pl T B, O I RS A 45 . u

41 RENHE

PREG A X T3St [ LR AR B G FIAY , (HX TR 5 R i ) I AR . R e B
AT LA SRIX K ), (B SEH B b I I S —2, b —F P4 T Clojuref 4L i
Borsk, MARPRIHREZATNE, 5> W] FHClojure & ki TR H4H AR fift ke 2 ()

F—K, WATEITIER TR, ERClojuret2 iy I T I K My T B HUE AL, FA Tl
Qe ol T AR AR AR S5 AR 7 BE AR TR SRS o B8 K, % 2J Clojure ) HoAty ] A8 B 4544 -
BRI 55N SRR, B AR B AMSTMEE B — N, JFHE PR R T B
Gl 8

42 F—X: RTEESHARIELGN

s A e BT F S A SRR . MILLZ R, Clojurefg 7 2h 4% 69— H R AR i I &
et T KRR SRR AT AR R Gl A AT AR R AR A BRSSO S SR A
), ATLLRET ARG R i h AL S al AR S R 091 £ (1,

@ fEMHFmutable variables/datai®hy “TIAFEE", BoAXsE “B" (EEA: A B AR T RE RS . (ERCES
o REIFRHCE CERT, B R —RERBSURT ISR RIS HA TR AR, SR S
“EAME AR R T REBCE R VPR, R RIRE, W AR R, AN ERMAEET W
B (R RER E L EABUER R ) M R (BAME GRS R YRR ). 4h, TRt variable
FidataBefih “B", R TRARKRHIES, AR mZEHME, —F&ETE
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74 % 4% Clojure Zi&

TEMCERF R A A R GRS 5 5 a2 il F AR, 7 & UEF b, AAREAAR
RELER, NS EUrEE. mfk T%ﬁéﬁ%ﬁfﬁﬁ%ﬁ , EEINRREA S ER,
WSALAE + b B A ﬁ%iﬁlﬂ*ﬁé %F&‘ﬂ] EER fﬁJﬂCIOJureH’J_IHEE. ] AFEPRAEZE 2 PEF
Bl — Ve RN, bR T AR ZSAHT RA RIAE

A RIATE S~ anfeT il T T A2 B AR A BB S5 H R B AR SRS . RS R, Z4HE
AT AAE RS (YRR A ERR KUK ) Dilal ] A8 &, Rl AN 233,275 o A28 1 XU
( g n] AR ARk A AR R ). FokFE B Clojuret AR R FRAV AT B HEE M — R+ % &,

RFEZE

JRFAE R B PR i, AR BT 2.3 A R B (3555 Clojurefi 5
T E 2 fEjava. util. concurrent . atomicyJEA - #E 7 /Y ). i 9 ) H T 00 E R AR
FFARBUHAR «

user=> (def my-atom (atom 42))

#'user/my-atom

user=> (deref my-atom)

42

user=> @my-atom
42

i FlatompR ¥ T LIGI A T8 i, HSHUERFAE R PG {E. #iddeferai@n] LRSI
FAFEIE.
{i FH swap ! AT LS 5 b 4

user=> (swap! my-atom inc)
43

user=> @my-atom

43

swap £ — AN REL, PRI AR R Y AT AL 25 Z R 8, 1% PR B IR [MHERHE N T2 i
B . tn] LUK B o S8 45 R B, Bhn .

user=> (swap! my-atom + 2)
45

125 PRE 3 — DS EUR TR RO YT, dn s swap | A HIAN S5, W SR IAL 2% PR Bk
A, R EGHEE (+ 43 2).

—PAKHE K REUEreset !, MTLIADRE &AM, TR T2 R4

user=> (reset! my-atom 0)
0

user=> @my-atom

0
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Ji A i AT LA AT S B ——AR 2 Web S FHAR & I T map R A7l 2l Bdla 19, fil4n -

user=> (def session {atom {}))

#'user/session

user=> (swap! session assoc :username "paul")
{:username "paul"}

user=> (swap! session assoc :session-id 1234)
{:session-id 1234, :username "paul"}

FAIC L@ REPL T % 15T/ ) — 255, BUFERF — PR 7

BEATERENZLIEWebiR S

3.270Ne T —MEAEM ] TE L FERI WebilR 55 . X — TR A& 5EHLMIX T WebiR %, I
= 2J o] 5 I Clojure A5 A B 45 16 >F ikt S Javarb 26 3% T 2R bR S 14 JXURSS

Clojure/T: qurmment&ﬂéilgélsdwlcoréi’l]~;~: M
Line 1 (def players (atom ()))

(defn list-players []
(response (json/encode @players)))

(defn create-player [player-name]
(swap! players conj player-name)
(status (response "") 201))

10 (defroutes app-routes
(GET "/players" [] (list-players))
(PUT "/players/:player-name" [player-name] (create-player player-name)))
(defn -main [& args]
(run-jetty (site app-routes) {:port 3000}))

X B E LT AN th——& £ /playersGETIE R 2R A X4/ iz 1 51 3 ( ISONAE
A ), KfE/players/namefPUTIHE RN ERIN—AEsh 5. 5 F—B 1 WebilR%—FE, BTl
HiJetylR 5 a5 R 240, LT EZRIECEEL B L LN,

TECHE X BUURS A TAR R A, ek EHEREZ— T mTRAZEMAT i M cur L7l .

$ curl localhost:3000/players
[]

$ curl -X put localhost:3000/players/john
$ curl localhost:3000/players
["john"]

curl -X put localhost:3000/players/paul
curl -X put localhost:3000/players/george
curl -X put localhost:3000/players/ringo
curl localhost:3000/players

‘ringo", "george", "paul”,"john"]

— ¥ B B »



76 % 4% Clojure Zi8— FAFREKRAE

PAE KT B core.clif) THEIRHR, T8 Eplayers (55 14T ) $iAiR1LAZ 512 () - i@idconj
A LA N 932 30 7 (55747 ), IR BIHTTPIRZS201 ( R ERIE ) ZS iR, @if@ikiitplayers
fOE, FFLAISONTEIR [Blizsh R 53R (55447 ).

—YIFE L AARE R (Ehs Bttt ), HA —FHFRLERNT. list-playersHl
create-playerk ¥ #fiilnlplayers—Hft AX RIS A S A Z AT ik ] AR ZAS A [a] 817 4n
AR ARIE LR T players 4 HAE R M ISONMS R, 1M 55— R AR R [l players R TG
R, WaskEtar

Clojure(URHELS MR A, X BN A REABRE LM,

FrAHIRLEH

FATX BB FFA” AR R AR R s A RV B b, TR FE R4S
wefE et SOR R HZ AT, AT LIS —BU BRI A . R FAIREPLE —/Mfi 4
¥«

user=> (def mapvl {:name "paul" :age 45})

#'user/mapvl

user=> (def mapv2 (assoc mapvl :sex :male))

#'user/mapv2

user=> mapvl

{:age 45, :name "paul"}

user=> mapv2

{:age 45, :name "paul", :sex :male}

FEABARSS BB S A L R AR T — SR AEIA R A BAE 4 H7E S B o B
SR AIAS, IOKE R H RO B A BRHI AR K (AT LA H2.4715 41 4333 I CopyOnWriteArray
List ), EiZMZE, FFABIEGEWRSTIESR TR, HhfHT 2544,

T PR R ARG RS R . RF— AR B 5] F -

user=> (def listvl (list 1 2 3))
#'user/listvl

user=> listvl

(123)

Ea-1ER T _EiRSIFRENFPRIEIIER,

E4-1 listvifENFPIRIER
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HAE H cons B EARFIRMBEBR, consik BIFIRIBIAIFAERIA M E B LiRin—1J0%

user=> (def listv2 (cons 4 listvl))
#'user/listv2

user=> listv2

(412 3)

BHNRA LASE 3L B R A 454

ATERTES, ME4-200R,

N —

El4-2 listv2fE N RIE
PR S — ook, nE4-3R .,

user=> (def listv3 (cons 5 (rest listvl)))
#'user/listv3

user=> listv3

(52 3)

/

sl 2 o] s

E4-3  listv37ENFFFRIFRIIERX
A PRI RAIEE T JRFN R AR 254, (B FEHITE SR,

A LB LT AN BERE R R B o A 2[R R 51 2 1T DAL A4
M REsm, BERREREATRM T 201088

user=> (def listvl (list 1 2 3 4))
#'user/listvl

user=> (def listv2 (take 2 listvl))
#'user/listv2

user=> listv2

(1 2)

RPN REA A



78 % 4% Clojure Zii—5 BAFR5KE

FEl4-487R T HAENfF R e,
1 > 2 > 3 > 4
1 = 2

Kl4-4  HATAE R s 5 R AE A7 i R BUE K

Clojuref AR EFFAM . FFAKvector, mapFlset/ESLH EERHLAIEREZ A%, (HILALFRATL
T HGE E IR TS5 K, IF H 5 RubyflJavar it B (4 AE R A 25 F9 HA AT 9 PERE

LIEHEXESTTRATRUEHFASBELE MY, KANECEE Java P& 2T — 4| F
| (CopyOnWriteArrayList), @ B Clojure #9475 % 4B 440 X 38 5k 2 & Java B & #), 7 Java |
#AliE R HE A A Clojure, FRARMHIEHF KBS RA TR B ASIBLEMG,

| |
 ERdes, MR R AN B 0 R R E AR
R ERAARAGABETTRA CROAETRY, TARKE A CEARAL,
C RRZT, SRKGKBHMRLLARAN, |
RS

USRS T REABRAEH , T 3R B O X R AT
0. PR AR H A& AR IR, FA THRR Cidentity ) SR (state ).

WA G A 220007 BAEX —ZI T REA — i . — B LS IMA rTRELT 2 T, Fad Loy
e CYERISEME ) AR T . R ERE S B—MRR, RS R —EHAESUER,
g, PR EERE—RIIARF{E—2012-02-23 12:03, {HA20.53; 2012-02-23 14:30, {EH &
0.12; 2012-02-23 14:31, {H/Z£1.00.

R IEF S, —PMERERA TR SRS MR AEEA —ME, XiERATRES
Mg — A ARSI LSRR R — RIUE. FrABARSS MR IR S RS B Tk ——
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SRR T — MR IR YRR, TR MR ERM B, FREUR AR RS A2
B T A4S (Heraclitus ) S X FERTIR X AN BEEH)

E 2 Q "]BH @ y,f T,@ b
VF 22 PG 5 AR R R TR R AN AR B SR T Clojure A ] i 2 — EL7EMUEE 1

=it

i FClojure & AT, HIF AR B TCE A ——IL RSB 1 java. util. concu-
rrent.AtomicReferencefdi it compareAndSet () J5 ik, I S 25 A RCRR & B
SR EBHZE (CYRWA A FEAA AR ). (HIX L ER swap LAZAIALFE T X FAME AL : Y swap !
FAHZHR B (RP RS EUE AW R0 P=A 8 (R ARAE R AR S (B, HABZE R Bk
TIHRFAERME,

Q[l%ﬁ??i;ﬁ“fﬁbﬂ swap ! Hi B HIK (retry ). swap URHCFE NS ERE R B AOME, IF
FHIE 75 it (030 (i E R e T S 80k 8. ?izﬂ]f'd24w¢' ZH{ConcurrentHashMaptt Wit 2L AL
il Ifsx/kswap.ﬂﬁéiﬁ PRBSC AT AT A . TEHIART XL RIME T BB S R AE 2R

SEI ), B R A R A RIVERIRY . Clojure) pREUR M LEFRATTRE S 11X 1N FRIST

RS
R IRAT B AR U E R AR (RN R TR R n] LR fE— M2 50 & (validator )

user=> (def non-negative (atom 0 :validator #(>= % 0)))

#'user/non-negative

user=> (reset! non-negative 42)

42

user=> (reset! non-negative -1)

IllegalStateException Invalid reference state

R i — AR, ol I R EAT ST R e . WIS 8RR it rue, BEAIFIXIR
B, A ELHFEX B,

B RRE R PR B (O R BT . ST IR 35 &4 swap ! 9 S MR ML
KL, Mswap ! HETEIKI, RRRAFATRESBIMHZR. HILER AR NA R,
BEALES

AT LA TR R — A % -

user=> (def a (atom 0))
#'user/a




80 % 4F Clojurexii—% HAFR5KE

user=> (add-watch a :print #(println "Changed from " %3 " to " %4))
#<Atom@542ab4bl: 0>

user=> (swap! a + 2)

Changed from 0 to 2

2

BN AL G B B — DR E A — R LR R S T X AR LA (i, A&
ARSI, AU o SRR PR — R R A MR Do TR AR B A (B B R i 2 18 R A 2%

L AHEZ 28—k fladd -watchittH 5 € AU . R8BS 1 . B 728 i Y H fE AR
TR AHE .

AR TR AR AL . L) RE LE A REL, X RBUH TTENE AR R AYIH{E (%3)
FUHE (%4 ).

SRR, SRR TR R SR EAPIRA, HEiEswap! E{ZK, W
s R gl —k. ik, WEasal IEARIER . EE. SR, ErEemEn]
AECL 28 PR BN, L IR AR 5 A S RO SR BE BB, AN RESE o xS AR B A 75 |
HARIBHTEL -

SRIERXWebfR S

1E3.47 0, FRATHClojuref| 2 T 4k R B A WebR 55 . R EiE1T BRI, HFER B
B BR | ——A REAL FR— A SCAR KR, I H S HAENAT . RIS 7E (R B R i iR B A
PERGIRIRY, ZEmx AN BR I

REEHE

FNHF5I A2 (session) X MEE, HWeblR% ZFFEZANXAEIE. BSEWMA —1
—HRCTARIR, T T A4 R AT AR BRI

Clojure/TranscriptHandler/src/server/session.clj

(def last-session-id (atom 0))
(defn next-session-id []
(swap! last-session-id inc))

X 2B FE A i last -session-id, GEH 2GR IRET 200 IR A8 B (R . Bk
Jinext -session-id#f£759 5] b Z B K1 —4MHE

server.core=> (in-ns 'server.session)
#<Namespace server.session>
server.session=> (next-session-id)

1

server.session=> (next-session-id)

2

server.session=> (next-session-id)

3
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WHIR TR fEsessions, T RS iabril B 2235 map, FlHsessions il LLE Ex
HTTE R ) 230
(def sessions (atom {}))
(defn new-session [initial]
(let [session-id (next-session-id)]

(swap! sessions assoc session-id initial)
session-id))

(defn get-session [id]
(@sessions id))

B Fnew-session & A— 1 HIH(E, W LLAIEE—4SH Y2216, new-sessionfé4kHL—
ASF 23R, I swap L &GN E|sessions ., [flget - session A ih (1) F st
B S S b T A R

SiEITHA

SR B Web IR 5 RS HAE N A (RIS, s i B — Fh L ik S M B ANl P A 22335 . B8R AT

DL s H AT RS ( Feanfdi—~delete-sessionpf% ), {HXTTF—/4~WeblR %Ki, ASREMCH:
F& s B A 2SR B LI ATh LR . et Z BT R i — /N ike 2 .

Clojur [ fiptHandIerlsrdsmer[sgssmn <
(def sessions (atom {}))

(defn now []
(System/currentTimeMillis))

Yy

(defn new-session [initial]
(let [session-id (next-session-id)
> session (assoc initial :last-referenced (atom (now)))]
(swap! sessions assoc session-id session)
session-id))

(defn get-session [id]
(let [session (@sessions id)]
» (reset! (:last-referenced session) (now))
session))

BT Bl R B now 23R [0 4 /i E] . Finew-sessionfl it <Gy, &5 & A oG amEE
P£:last-referenced, X/&&A Muiital i 7256, Y Hget-sessionif[al&iGmt, H
reset ! B H X A (]

PAER D ZUEHLA  last - referenced@tE. BFSEMIGATARLIE, MG BT —
FERF RN BEA BT, BT LI 2iE i

(defn session-expiry-time []
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82 % 4% Clojure Zif

(- (now) (* 10 60 1000)))
(defn expired? [session]
(< @(:last-referenced session) (session-expiry-time)))

(defn sweep-sessions []
(swap! sessions #(remove-vals % expired?)))
(def session-sweeper
(schedule {:min (range 0 60 5)} sweep-sessions))

fisession-sweeper R &+, {#i ]l T Schejulure ", X B UL 1L 725 452040 8 i — ik
sweep-sessions. sweep-sessionsZ: ( fififUseful & *#2 i remove -vals R %L ) MlFfexpired?
Mtruef &l , XEESERIG RPN EEsession-expiry-timeZ ) ( BI10404h ) ZHi.

RS :
BUAE ] LUK 2 X A I REAR N Z A a9 WeblilR 5 oh . B 96, TE—RIEH i 0 ek %

Clojurem-anscriptHandlerIsrclservérlcore.:U

(defn create-session []
(let [snippets (repeatedly promise)
translations (delay (map translate
(strings->sentences (map deref snippets))))]
(new-session {:snippets snippets :translations translations})))

5 E—FARL, FAMIAE T —AJC55 it it promise/ 751 ( snippets ) KR HEa3 i)
FrEt, VK —" map (translations ) FFEK/wiZF5 I EIFRLE FAOMLET, (HIX Y0R8 84K
TRAFE] T 2ifrh

EF A, Biltaccept-snippet fliget-translationsfi%k, ffi i 2iGH755 :snippets
Fl:translations:

Clojure/TranscriptHandler/src/server/core.clj

(defn accept-snippet [session n text]
(deliver (nth (:snippets session) n) text))

(defn get-translation [session n]
@(nth @(:translations session) n))

i, W H AN 2T ThRE .

Clojure/TranscriptHandler/src/server/core.clj

(defroutes app-routes
(POST "/session/create" []
(response (str (create-session))))

(D https://github.com/AdamClements/schejulure
(2) https://github.com/flatland/useful
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(context "/session/:session-id" [session-id]
(Let [session (get-session (edn/read-string session-id))]
(routes
(PUT "/snippet/:n" [n :as {:keys [bodyl}]
(accept-snippet session (edn/read-string n) (slurp body))
(response "0K"))

(GET "/translation/:n" [n]
(response (get-translation session (edn/read-string n))))))))

b, Cams CHwebiikss, HERIR B, JF A Tl 2eRE.

F—RELE
FATER T H— KIW2E 2] Lo R ) ) — ] AR R R A —— R B agent ) FN5 | I (ref ).
F—-XENZFRTHA
Clojure 1 IANGREIY BREGRIAT . 4REE T AR AT SRS, TATTE 225) T K i u
A —Fp—
Q 7% =UE F A AR R EGTE 5 1 &S K I — A~ E
w AR E T, BARBAERES N, REBESLF BN R,
o AR PR EGCE F b, AR BRI ARSZN, AL BB AR &
O REGCE S, BURESSREREAN, el — R BT, HASRmE5]H
[ri) — SRR A5G ) AR
Q {5 FasErE, AT BRI SRS SFRRARRE, R SEFR T IE— R 51 B (] 28
(taivli=
EF—XRB3
79
O [#{%EKarl KrukowfJ {3 “Understanding Clojure’s PersistentVector Implementation”, T fi#
F R B R A R A SR S5 A A AT S

Q [ bR 830, T i PersistentHashMap e U1{ilif it Hash Array Mapped
Triedf RACSZIL

Q P AT IFLAH FTournamentServer, {diH AT LAGR N AN iz 50 5
Q¥ “EEAWebRS" FaYFFTranscriptServer, 24— BB 1045 R0k
SEfT, TR S AR AE X AR thik 5 st 5k
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43 F_XK: REBMUAHBEZAF

FRATMER 2 2] T I FAR R, A IOk ) HAL PRl AR B ey . fCEE (agent ) A5 (ref ).
S A B, ARG R U TR, WA SFRABIRG —RMA, KBRS
ARG FE2E 5 IR, AT I8 Clojure dn ey SELXS R (2555 AR I SCHF, (AR 7R TR
MO T T AROF T, AR St — Sk

el
HEFARRRA, RS TX—AMEMSIH, TLLEd deref i@k BUZIE :

user=> (def my-agent (agent 0))
#'user/my-agent

user=> @my-agent

0

1 send p& BT LAB A CRE KIAE -

user=> (send my-agent inc)
#<Agent@2cadd45e: 1>
user=> @my-agent

1

user=> (send my-agent + 2)
#<Agent@2cadd45e: 1>
user=> @my-agent

3

Yswap ! 258, sendf%3Z—~ A% ( AT LAMHMASMAIZE0), I RRERE Y RT{ENE D SES
PR BT, eREUAYIR [RHERREE A A T

send5swap! (I IX GIlE, Ai&E S (FERBEAEERIZAT) 3L Z1R [Bl—% 45 send B eRECK7E
Z I WA [ R . AR AR R A F send, 1645 send i sRECK W B ATIR . TRl—A
o] L&A — . iRz BA S T ER, JEETLEARIEM.

A @ A 3 Clojure 69K 24 actor (A F 5FNE) EFHAM, 2EXR—MRM, &£
MR EmARRKESR:

0O sfitderef T KA KL, MmactoriX A I 4 A K FMNF X,

Q actor¥T ¥4 447 % (behavior ), % X3 M) AT vA——3F #4048 69445 2 B0 A0 o 8 A & 32485
Q actordZ 4% T 8 Z 0945 24N fe iRk B 69hLA], AR T A £ 6944204
O actorfit L # H5H X, KM RHE;

Q 4 A % AactorT fE 43 K8, ™A 3 AKEN <2,
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FHRERRETK
ZHTRATAEREPLAY S HH FFE F], sendflyil [ LR —MUEER S . REPLITENIX A5 IR,
WTED TR E——A Bl 1

user=> (send my-agent inc)
#<Agent@2cadd45e: 1>

B sendif, HEREAES, MHREL:

user=> (send my-agent + 2)
#<Agent@2cadd45e: 1>

B R 4 send ) BREUR Pz 111, FEREPLAAHCHL A Z 1T, % pR& ] BEC 455517,
WATREBA BT, X THAT R s %, 7EREPLARAGCHLMELZ AT AT REC 09517 T {HANR
FHATHIThread/sleepe it 1< sREAIZ AT 1], IR BRECIEA K T BEFEREPLAR MU L {2 A 58

1847

user=> (def my-agent (agent 0)) ‘
#'user/my-agent

user=> (send my-agent #((Thread/sleep 2000) (inc %)))
#<Agent@224e59d9: 0>

user=> @my-agent

0

user=> @my-agent

1

Clojuref@ it Tawait pR%, XA~PRECH — EFHZE, H3H YATARIRGHAS (st ) {0
BT A #RAE 23R 5E i ( Clojureif 24t Tawait- forpR%, AT LAHE & A5 (0 E I st ] ):

user=> (def my-agent (agent 0))

#'user/my-agent

user=> (send my-agent #((Thread/sleep 2000) (inc %)))
#<Agent@7f5ff9do: 0>

user=> (await my-agent)

nit

user=> @my-agent

1

BT send, RIiL L4 send-off fo send-via S, RF MR 4ATHATH A HH,
send & 1A 842k, send-of f f& Fl — A7 842, 7 send-via {& A d A& $c45 & 49 executor, |
T REAB TR RME (& A LT EA2) REBHIFRA, 5% A send-of f ‘
WL, EAHKENTK, |

X send-via, &

PR
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SAEEHT LR A TRHA S W A, JUHR S EOR R & Rk A B SR B AT IR AR . 3
ST R A, JUHARRRAE I H . T R A Clojure X F iz Ab By I 324 .

fHIRALIE

{UHE 5 At — AR SRR R AR A LA . R mA ) 7 oh, ACEREEH] 7 — R a e O
HAEA Jy 8L

user=> (def non-negative (agent 1 :validator (fn [new-val] (>= new-val 0))))
#'user/non-negative

B CERAYME, BRI R

user=> (send non-negative dec)
#<Agent@6257d812: 0>

user=> @non-negative

0

user=> (send non-negative dec)
#<Agent@6257d812: 0>

user=> @non-negative

0

AR, AR R AR (H USRS XA K A R AR, SRR

user=> (send non-negative inc)
IllegalStateException Invalid reference state clojure.lang.ARef.validate-

user=> @non-negative
0

— BRI A AR, AN A R ACRES, ZJa R CHEEE T (TR e 2 . ]
agent-errori] LI H —MUHUE & A RECRE BT I HIBUER ), fEifirestart-agent
Al L B R RCIRAS AR .

user=> (agent-error non-negative)

#<IllegalStateException java.lang.IllegalStateException: Invalid reference state>
user=> (restart-agent non-negative 0)

0

user=> (agent-error non-negative)

nil

user=> (send non-negative inc)

#<Agent@6257d812: 1>

user=> @non-negative

1

BIEACHE RS A RAL BRI : fai L, ton] DL R AL B O  continue, iX
HRECREHRBAT E#ld restart -agent & B 50 AT AL FE (OHE . RIS E T4 A2 %
A, APEEIRAE PREICERIAA  continue, AUCHE S FRASR AT U] 251 FT 4 e Ah FH pR %L

T ERE—AME AR5
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AERERS

BATIATHRERS, AR H ERGERIFFAHN—ES SR G A E LK, 7RI
RV EAETC AT ¥ 4, FEANRS FREAT H SR 2t AT 20 B R SCUHRAIONRAE . FHZRR 5 Bk iy
SN H S RGBS A, AR SR o

ClojurelLogger/srdlogser/cﬂre-dl';g,
(def log-entries (agent []))

(defn log [entry]
(send log-entries conj [(now) entry]))

HEBOC R Log-entriest, HuMR{ER— 1254 . LogrR % conj [a] 804 Fh s hin
BLE, FonEE— B —E A oK B (0 send B FHAHE], 1A
conj #ACHRIE P AR TE], conj I8 AR ] AT BE H send E20G ), &5 — Ao H &M B

fEREPLHIRHIE—TF

logger.core=> (log "Something happened")

#<Agent@bd99597: [[1366822537794 "Something happened"]]>

logger.core=> (log "Something else happened")

#<Agent@bd99597: [[1366822538932 "Something happened"]]>

logger.core=> @log-entries

[[1366822537794 "Something happened"] [1366822538932 "Something else happened"]]

T A k2 2] B —FPClojure i) L 52 i) AR K g 25 74 51 H.

RHEZAF

51 A Cref ) He R T8 A QR T & 2%, 10 5 | AT DASE IR 435 45 N 77( Software Transactional
Memory, STM ), i Jii 774 & A CERAE A BB oit— A8 5, TTadE st STM AT UK 248 B A7
IR —BEM, SRR T 5 0T AN 22 50 kT R i — B s o —FE

HFEFARR MWL, 518 (ref) 2 73— MEM S H (reference ), 7] LAiE it deref
SR@IRBUZIE

user=> (def my-ref (ref 0))

#'user/my-ref

user=> @my-ref

0

SIHRE R LIS ref-set ki B . Clojureffit T"alter R BB MG FHAE, EHRMTZ
HIEEE 1 swap ! Fisend, {HAS[R] 578 T HCAl FHI AN BE RS2 17 2 1t g 11

user=> (ref-set my-ref 42)

IllegalStateException No transaction running

user=> (alter my-ref inc)
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IllegalStateException No transaction running

HAEE— D355 h A RE BT | I E.

ES

STMH 55 HA U7 . —ErEMmBR R .

RFH: EHAMRESER, SRS RIERSRE AL, EBARLE.

— 3tk JHORIE SR TR0 AR E ALTE (RURIRAN TR S 72 AR o R B ) —FE ).
RS B — ZAE AP E— M RRRIK, IRATA B REA 2 &L,

W&k 20350 LARIRNGEAT, (AREHE1THE 55 SRS B TB T Se 3 55 A5 R Y
%%_‘Fﬁn

PRATREC 28/ R T, X = MERURVF S8R B S I ACIDRFPE T B RT =4 ME— it Y
PR A ——STMB R 15 L IR BB sl R G A 2 B0k o ISR B BIRE A, st il
FHEAE %

ffiffldosyncfadt— 4% .

user=> (dosync (ref-set my-ref 42))
42

user=> @my-ref

42

user=> (dosync (alter my-ref inc))
43

user=> @my-ref

43

dosynctle (A LRI T — 1%,

KEBHFESCRANZLLREBENF S, 2t TAHALY R, MBERANTERAHR, oX
A commute #4%& alter, ST WUAFH| AL BOE B,

R AR R commute & —FH AHHATFE, 2RLHRLERAYFREILEL L, Al

ABIABRIEHAE,
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E2OE1

FHEHESWREANGIA (BN, R AR RS ), (35 A R R 7EA R
BRATIK P 2Z [ B TR —— R FKEAEE ] “HREENER S R . EREERIA BRIk
BB, T XA eRERIE T IR A KR &4, sE AR

Clojure/Transfer/src/transfer/core.clj
(defn transfer [from to amount]
(dosync
(alter from - amount)
(alter to + amount)))

S XA PRECHEAT R IE -

user=> (def checking (ref 1000))
#'user/checking

user=> (def savings (ref 2000))
#'user/savings

user=> (transfer savings checking 100) u
1100

user=> @checking
1100

user=> @savings
1900

YN ARSTMIZ TR AGI B LA I A 35 55 B U A vhse , IR i — UL 5K T E
Ko MBREUURE AR, FHHERIUERARIEN.

ERXES

FH MR F SRR, RAOTEXtransfersi BT HE I, HHEEGREIRES
S ERANIAS . ZKL TR

Clojure/Transfer/src/transfer/core.clj

(def attempts (atom 0))

(def transfers (agent 0))

(defn transfer [from to amount]

(dosync
> (swap! attempts inc) // A¥H#AF 428 — R Gy iz REIHT!!!
> (send transfers inc)

(alter from - amount)
(alter to + amount)))

X BACASBMORATRE “AEERIPER" MR, fE9 55 B BUR TR RO A RIME T, FRAT2H
TS EIRO LA X, AT AELE AP XHES,

B 7RI T AR R P AR TR RATEFEACE ey TG, S S A~ okt
%%O



0 zif—p BAFRG KA

X B RS H T X trans fer sk B 17 15 7.

Clojure/Transfer/src/transfer/core.clj

(def checking (ref 10000))
(def savings (ref 20000))

(defn stress-thread [from to iterations amount]
(Thread. #(dotimes [ iterations] (transfer from to amount))))

(defn -main [& args]
(println "Before: Checking =" @checking " Savings =" @savings)
(let [t1l (stress-thread checking savings 100 100)
t2 (stress-thread savings checking 200 100)]
(.start t1)
(.start t2)
(.join t1)
(.join t2))
(await transfers)
(println "Attempts: " @attempts)
(println "Transfers: " @transfers)
(println "After: Checking =" @checking " Savings =" @savings))

XEACAL R TR — R AR S B P ARG 2 K P AT 1000056, BFIR1003E4:
—NERTRGE S K 1 37 250K P R T2000K B K, BRI 100364 . FREfTIHE B, i -

Before: Checking = 10000 Savings = 20000
Attempts: 638

Transfers: 300

After: Checking = 20000 Savings = 10000

KEFT, BAVEE T HHOLER, STMiZfTI#fR I A 521753 TIEMmER, HA
2T T Z2WEB (AP #EFT 7338 E L), MidfFab R efBscA MM, Aaf kAt
4IRS

R, OF AR R — PR AES IR P Ui Rl — A5, s T &
AW VIS, SEBRtER S, — ORI RGN S5 TR 018

EFZNREEER

PRUVFE SR T A AR BT RORIBEE R, (BACHRAE b (7 HEE 5 55 55 OB AR A
HIF R EA E 50

TSR 5 b H send BB — CHE, IBsend{U7EH % i AE 4L . IR BT S NI
A=A — S RIVERT, ABsendf§ = lEikEE .
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it i 8 51— B AR B —— A 2N e AR 4 |
Clojure fl =A™ 5 AF—MHBFRRF 5L 26, i swap! 4o reset!, wF 47
 RIZ o) %k A 692 send W AR send!, BTAT AR AHATF 5 F R H KL,

Clojurexf # Z AT KB T #F
ZRIE 222 T Clojure 3 Fit Al AR RSB =FhHLH . SRHLEIFA & B S5t
J AR ] LAXT —AME AT [R5 0 ——[R) 25 () B S B 1 swap LR [FIH B 2858 R, X% u

MRF AR AR T —BOBE R .

FRBEAT LIX —MEHEA T 520 ST
ARE—ECE R

GIHIAT AR ZAMEHEAT— B0 . TR T

S A0 ) T LR BE BT T BB AE sendil [ 5 3467 7 o % 22~ QB

BIRRE

FATFERL T BRI o 5 = KIRA P ) — Sl ] AR R 1 &2 29 7, 24 ) A Jal ]
ARARIAIE 5

EBZRENZRTHA

b T A8, ClojuredS AL TACHRAS|F .

Q JR AR AT DI — 1 T B 4 . Bl a9 .

O REEAT LI — i TR B ed . FF e,

Q FIHATAXS % AMEH T— 3088 . BT 6988,

£_XBE3

I

O WA Rich Hickeyfi# i} “Persistent Data Structures and Managed References: Clojure’s
Approach to Identity and State”
O WAERich HickeyfJi&Ei}f “Simple Made Easy” .



92 % 4% ClojueXii—n HiFRERE
Q M4 29 B FTournamentServer, F5|H M %3k SCBL— A2 17 H - HLHE & 19 Ak
Q AR S, SH— ML = X, RIREN TR a2 E k- F
FIEUL T W7
Q %> finger tree, JFHTEEHMAR XK, EXFHHEMN T MERER T OHERESR 14
7

44 F=K: RZRANFE]

HATEL52] T “ClojureZ il ¥ R I FTA AT o 4 FHf 2] — iz RIX SER {9 B 2000 7,
DA AE T e 2 (] e Ry >4 e S 128 B R S TM

ASTMR AT S Rtk

VeI, Sek i — FE2T RN "I EFB RS, JHIClojureft) STMR ffeix A~ i)
WA, ZARR T RAEE RT3 A AR AR AR R TR (RMSTM REER/H ),

EAVEH -5 FRREF-1T¥K, 5IHNERE XA YA0RE ( (thinking
ol :eating ). X5 |HRFES U philosophersHi,

i

Clojure/DiningPhilosphersSTM/src/philosophers/core.clj
(def philosophers (into [] (repeatedly 5 #(ref :thinking))))

T E G — DX LR

Clojure/DiningPhilosphersSTM/src/philosophers/core.clj
Line 1 (defn think []
(Thread/sleep (rand 1000)))

- (defn eat []
5 (Thread/sleep (rand 1000)))

(defn philosopher-thread [n]
(Thread.
#(let [philosopher (philosophers n)
10 left (philosophers (mod (- n 1) 5))
- right (philosophers (mod (+ n 1) 5))]
(while true
(think)
(when (claim-chopsticks philosopher left right)
15 (eat)
(release-chopsticks philosopher))))))



- (defn -main [& args]
(let [threads (map philosopher-thread (range 5))]
20 (doseq [thread threads] (.start thread))
(doseq [thread threads] (.join thread))))

S avaliAR B 2K, B RIER F £ (31217), HrRraiE iy, f#
kb . R claim-chopsticksf ATz (51447 ), =il 45 Fwhen2s 5c 1 fH eat 75 i F

release-chopsticks,

release-chopsticks I SEIEH & 4 .

(défn reiease-chopsticks [philosopher]
(dosync (ref-set philosopher :thinking)))

X B AR Bt Fdosync Bl — 1355, HHiref-set¥RAEE H : thinking.,

BRER

claim-chopsticksREEEH EHFTHE—de 2 —Fh Sz Bl vk .

(defn claim-chopsticks [philosopher left right]

(dosync
(when (and (= @left :thinking) (= @right :thinking))
(ref-set philosopher :eating))))

Ffl Frelease-chopsticks, XEBACHGHE ol T — 1 F5, EXNFEST, KELBM
LT R RS ——U R B R HRZS AR  thinking, BHEH ref - set¥ YFTH £ R PR
B Meating, WHRFMAWL, wheniBAPEHR [EInil, B Y4735 T35 M I TF iR R
i, claim-chopstickstibfi&[Elnil,

REATIREI, S5 R— BEFTIEN o (/R ST AR 50 0E [
B, ABTHEHT — 30T, BARRMERIORE . BIRRA T 147

T RS () A ) SR R R R AT @] T left Mlright B, ClojureISTMEFIER 3 55 A
AextEl— 5 | T A—B B, BAXBREH A BE eft®F right, HEER T EN]
BB, HALEE 552 0T LMB MG SE(E R, Xt i T AR AT 22 5 R R A RN S

TR E T IE L
L A, v Ll Hensureft ek il left Firight

Clojure/DiningPhilosg
(defn claim-chopsticks [philosopher left right]
(dosync
(when (and (= (ensure left) :thinking) (= (ensure right) :thinking))

(ref-set philosopher :eating))))




94  F4F S BERIRERE

ensurepfEUHLR T HAR [ 55 | R EA S POAEES-B R 52 AT LR S9TR M by
FHILB SR, BTERN T FEAMAER RS, mERTBA, RIBA LS.

HUERBRIT R T 23RS, F— 18055 — %, H AT —
AR

T FHSTMARRE F ZR R (]

TR A AR AL, B T 3 T STME 7 RN TEA AR . Z AT KA KA
=GR, I HH SR 2405 R ERE—80 . B, IR 2R
HKFR AT AR HIRES -

Clojure/DiningPhilosphersA
(def philosophers (atom (into [] (repeat 5 :thinking))))

TR R ER— RSB . 21U, AR ORI A5 IEAE BRI, HORASRAR .

[:eating :thinking :thinking :eating :thinking]

SRIG, BRPREEA P F5RICERT ¥, HiZE X philosopher-threadff{— si/MEML:
CIojurelDImngPhilos
(defn philosopher- thread [phllosopher]
(Thread.
»> #(let [left (mod (- philosopher 1) 5)
> right (mod (+ philosopher 1) 5)]
(while true
(think)
(when (claim-chopsticks! philosopher left right)
(eat)

(release-chopsticks! philosopher))))))

Z i, 5L release-chopsticks!, R Z Hswap! MR ESHAMWMEEITTERE &
A :thinking:

Clojure/DiningPhil

(defn release- chopstlcks [philosopher]
(swap! philosophers assoc philosopher :thinking))

X Tassoc, ZFTFHRATX map X~ eR%k, HXF 40 R 22U :

user=> (assoc [:a :a :a :a] 2 :b)
[:a :a :b :a]

fea, A RS claim- chopsticks!

Clojure/DiningPhilosphersA /p .
(defn claim-chopsticks! [philosopher left right]
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(swap! philosophers
(fn [ps]
(if (and (= (ps left) :thinking) (= (ps right) :thinking))
(assoc ps philosopher :eating)

ps)))
(= (@philosophers philosopher) :eating))

{44y swap ! (¥ [ 44 R BT 28U IR S $ philosophe rs Y T, 1% 44 bR AW &0 a7 7
ROPREHITR A . WA EE R %, i fHassock MR AR APIREE K ceating, HNE
iR [Mlphilosophersifi A Zphilosophersf{A .

claim-chopsticks! 57— K A T philosophersf#i{E, H 2 HBiswap ! &7
K ST A R AR E K eating, !

A 1C 222 T WA A5G R BN T S, —FMEFISTM, 7 —RhIAER . anfaf &
P Z B A T R

BEFTEALZESTM?

BoREAGE, AR AT R (AT E, i | AT AR ZAMEE T — B SR
BIRPIEINREAR , BANASFTA, FATREM — MERISTMIF M 25 R Ir 2, Wik
TR T He A i — Al T B — AR R T 56

PUAEFAT IR — TN 54 Sy —— 2 fp e — 9 R (BT — BT Y R AR, BT LA
ZAG T 35 55 AR ) — S0P AT LUK X Sl 5 31— B a5 rh O — AN 8
XSS B T ) — Bk

I 2 ] e W 7

XA ) B SRAR KRR NN S —— PRI SRR, B AR PR e oy (1Y o 7ETE
RE L. AR S AR SRR iR A, RS AIES, BTSRRI h A T
PEREVT Al 2 J5 AREAT EHE .

BIRSTMAF A H 2ok, [HA LR A Clojure 2 51 HLE : T8 7 i sRELPED D 10 AT A8 4
R, PRLHOR A0 ] R AT AR d e g ke, SECTRT S 7 Rl 2 A AL

7E il H & eR B
fi FH I 2 B A D T 2 K [ S ) A SRS 2 v UE#RiZ17HY, {Hclaim-chopsticks ! AYSE

D Sehb A& fEswap! Z 5 1 T @philosophers, EAH AN fEswap! 2 /7 . @philosophers:Ziif, % —/ZEFR G T4
W F R AVIRZS . I8 4 claim-chopsticks ! iR [BHEKE A ERM . FFLARHEFERERT . 2R R A i 5 fLk A
R A SCE R — AR R PE D . ASid . ib i TS A A 2 RS AURE th M AT AR S 0, LA B UG 2 IE Y

—iFHiE
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PUEAEHE, QNS Y ATE 2F 2 0] LIRS B (0FE T, ARVE F swap ! ZJG MR KG A R A 0 827 3
HURBLTF, AU E— 2 Tswap ! R, HIEZ—SBUAENFIMRM:, (CSHIW R
At i Tswap | H4E . ATLLKRclaim- chopsticks !5 kR :

Clojure/DiningPhilosphersAtom2/src/philosophers/core.clj
(defn claim-chopsticks! [philosopher left right]
(swap-when! Philosophers
#(and (= (%1 left) :thinking) (= (%1 right) :thinking))
assoc philosopher :eating))

Clojure -5 A R EEFR I THAR R A 2L, (BIRATATLAECSE —1:

Clojure/DiningPhilosphersAtom2/src/philosophers/util.clj
Line1 (defn swap-when!
"If (pred current-value-of-atom) is true, atomically swaps the value
of the atom to become (apply f current-value-of-atom args). Note that
both pred and f may be called multiple times and thus should be free
5 of side effects. Returns the value that was swapped in if the
predicate was true, nil otherwise."
[a pred f & args]
(Loop []
(let [old @a]
10 (if (pred old)
(let [new (apply f old args)]
(if (compare-and-set! a old new)
new
- (recur)))
15 nil))))

XBACH AR T — e B Bl TR F R . B MR XA F A/ $ . IR TSR AL
TdefnMIZEINRZBIBY TR, TR REETT R . SRR 8B XML sRECE = A 2580, T
HIEXARLE Sy T B i A B B %L BR T 7EIRAS & E SO 7R, il LUAREPLHERHL :

philosophers.core=> (require '[philosophers.util :refer :all])

nil

philosophers.core=> (clojure.repl/doc swap-when!)

philosophers.util/swap-when!

([atom pred f & args])
If (pred current-value-of-atom) is true, atomically swaps the value
of the atom to become (apply f current-value-of-atom args). Note that
both pred and f may be called multiple times and thus should be free
of side effects. Returns the value that was swapped in if the
predicate was true, nil otherwise.

8BRS R PSS, Hi T swap-when! IS5 EUE AR (JEH KT
Javarf 145 W5 s Ruby s 1 5 ). 3 4% Fargs BIEAH AT LA Rl BHIN A S 8. X R 3 T
apply, HAlLL¥EG— 1S8R, 1ERMIMMSEULAT (BT ) —2801350, T Xy
Fr i+ pR K RN Y



user=> (apply + 1 2 [3 4 5])
15

user=> (+ 12 3 4 5)

15

AL 2 compare-and-set! (551217 ) & 4fiswap! . compare-and-set!{%%
—ANEFARR . AR A B AE AR R AT E—— OO R B Y AT S5 TIH(ER, T
AR A ST HOABE, B AR B Y R AR IR T

Y compare-and-set ! lIiif, swap-when!iR [m]JFF2EEAHEL . &0, ffifflrecur (5514
1) EEEESITE AT

‘fﬁﬁﬁﬁ&iﬁiﬁﬁ,0®mxﬁé%MﬂM%(mwmdmmmm)%%ﬁ,E&
Clojure XA A F 4k Fli# )2, %M loop/recur,

loop ZZ LT —A%.4, recur TUABKEXAG & (20T C/CHF &) setjmp()Fe
longjmp()), Clojure &3 FM ¥ #i& T A LR,

e

B=RBLE
AR TH =K, HE T Clojure W {apis sk it g 5 ) A8 B IRAE T
BF=XEMFETHA '

Clojuref) bR EGE FAR A MBI 1 AT AR B o Sl RO T, TR AR i B9 ) 509 47
EUMEBT

O ETSTMEfFHR TSR Gl S5 RE ML MER— ) ol LIk TR 5 = O
ZMEREE BRSSP, A MUESRE XX MRS U] ) B

Q TEFIFP T 522 6] ) R A A T AU R F PR

Q RE I A pRET LALEACHS SE R I

E=XB3

HH

@ ATLGAHEE TR FE R RZE TN RO TR, —F&E




98 % 4% Clojure ZiE— HHFR5RE

O M ARich Hickeyl#i#iff “The Database as a Value”, {E#Datomic 2 UI{a] 3 25 bk 1%
P A —~ e —{H )
S

O b — R SE 4 TournamentServer, FE A8 RS | NS5, Wh—Fh %
R B — O RS e WE—Rh o R A

45 E3

Clojure7E fifth - & [ 8L 1 k#4555 . R AeTRAT B IRFIF R anfe b B KRRk B THa]
R, FRClojurefE A — TREGUE SIS M, %5 HEA7IHEN ﬁﬁ?ﬁ@ﬂﬂifﬁﬂgﬁﬂc Z
JEFRATT R — s ) {037y s T B 3k e v AR HEA T Y, P Clojure VAR TR Z I A& 4
] AR RE 2R Y

=
REIR, A “ClojureZii” HILAENLAE E—FA 4300 ek B FE A9 SR o FATAT LA
Clojure “pREGUHL" fift P pR LAY MR, o o] LATE 20 B A I S PR AR RO BRI .

gt 2= H R ERE TR SR X IS, 1M Clojure -7 A KU 45 FaKF T 72 B )
PRI SRS BIIT oK . AR 1 B 7 SR AR M . & R Clojure 2y 51 HUE PRI &
[l e R AR “RIKIBEHT B9 5

B

“ClojureZifi" £ BB AET A SR (PR EUHAR ) Sife. SZHK, BBk
TR EARR LA R

i T ClojurefEIVMHIZAT, fRZ5E = AT LI A Clojure R #hiX #E4 s5 ( Akka®Hi 2 Hp 2z —,
T F—FR S Factorfi Y ), AN XX 465 = EM G T AR RTE R .
7~ fmln E

Haskel#&{it T RAUARTEN R IIEE, AidfE A —Fhain) i BGUE S, diHERSH/ —FA
[F1f A5G (HAS—4L A0 2 HaskellF2 (It T 5¢ 8 AYSTMSEEL, Simon Peyton Jonesf L& “Beautiful

D http://www.datomic.com
(2) http://blog.darevay.com/2011/06/clojure-and-akka-a-match-made-in/



Concurrency” "X HEFT T HEAH U

FAh, Ky iR = AR TSTMISEI, AFEGCCIFrmgmAbR 5. /B,
AUEERY] . STMERDFAIE & T Ul 5 7.

“5E

ClojurefE PR EGUZH A2 AN AT ARRAS Z [ HRTF TARGFHOF-, LRSI s BEiE S, X sbms
EF WL F SUBGE TSR], A Y T SRR Clojureff B T sRA SRR 19 A 43
s, BAEXIFRMSESR

MEFETN &, Clojuredd i it T T IFARNE XL, WINMRE TIZa20RA, F—E R T
Hactorfi !, ESE S T HERARRE,

(D http://research.microsoft.com/pubs/74063/beautiful. pdf
() http://gce.gnu.org/wiki/TransactionalMemory
@ http://www.infoq.com/news/2010/05/STM-Dropped




$5=
Actor

il actor B AR AL 4 —— A TUIRTT 2, T LIPRE (ESE MRS — 5 QSRR B, A
W A, HEATHRIGSAH A AR E S Sh—HRIAT

actorfSE U —Ffrd PR B4 )3 FH O A AR R , e m] AR A 3L N Ar R Fn o A K
FROERE, IEE MR BR AR B R )., [RIR IR RESRBERAF i 2R 1

51 EMEMERMR

PREGUS A AT AT AR, ok 1 3L al 2R R B R AHEEZ T, {8 Flactor
HRAIRE Al RRES, HRAHE T,

actorS A TN 4 (00 ) Xt f——HE 4 TRA, IFEEHEE S HAbactori {5 .
27 1) DX I A actor ] A[RIASHZAT, 1 H., S00=0H) “THE & (22 F HEEH— 1)
AN[A, actorZ [B] () TH B fLid 2 A = fEfE iR R .

actorfi B J& —ANid A IF R gmFR iy, JUF ol LAFHAEAE M —Fh R 5 B, Saip R
Erlang". 13 A1H HElixir® & Factortéi iy, & EErlangi UL ( BEAM ) EAHIXEH 89— 1%
T =i

5ClojureZ${l, Elixirfg—[ TAR4EER . sh8RRAREES . IRR# K Iavas# Ruby,
RE G e B EElxirUi%. 5UE—H, RITASEAES REIxirf#R (A B EEEIFL,
ARG ), (B0 A — D E R E SR R X TET IEARE, AR
TER e )y "B H” 2 A B3 ——W R AR A% 3 Elixir,  #E#7 %3 Programming Elixir
[Thol4].

F—K, AT actorf AU Y Bemti——tnfaf B B actor . B XTHEFHEUIHE., B K, ¥
] {i Filactorfi BY R Iy HAT R PR DGR . RIUORR I AN BRSO, SB=K,

(D http://www.erlang.org/
(2) http://elixir-lang.org/
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il it actorti RIS G SRR, Wit EY REZ GiHAML, JFREMN— B3 G5k
ik,

5.2 $—X: HEMEHE
FRAEFRA R 2 ) Ay B RO (AR . Ane] A e FIE S ., LA A el # I AR X F

AMAF Erlang, 4 Elixir %, actor & AR H#A2, kKPP ET, #HEA—AFFL !
HBEA, CANALR S KR, LA EARMRS, it & Elixir &, #4223 AHRA,
ViRt AR A BALE B2 F. THER S HHR, Lol AR, Elixic 25T UE L
B A B A AZ, BEREBRMEAL (AL24%F) FHA, '

|

$—factor

Jek i B — A M Mactor, JRIHIEE LI B FRAOTEBIE—1 1 Talkerffactor, H: u
WCEIAS [R] (4 1 BB 2 R AR R A 5 2

P AL TH B — 4 (tuple ) —J o4 f2— N 2 MEL4LR N FF . 7EElxird, FITE
5% ({}) Forocdl, ZEBaF .

{:foo, "this", 42}

XREN=ICH, F— NIRRT (S5ClojureZifl, EME SFRREHT), $—
MEER—NFHR, FE0EE—EE.

%%Eaetoré’ﬂﬁﬁ‘%:

defmodule Talker do
def loop do
receive do
{:greet, name} -> I0.puts("Hello #{name}")
{:praise, name} -> IO.puts("#{name}, you're amazing")
{:celebrate, name, age} -> I0.puts("Here's to another #{age} years, #{name}")
end
loop
end
end



102 % 5% Actor

RATH G 23X BACRS TR AT . BU7E R HE X B CSE L T—Factor, Hi%ESZ =
PO R, FTENAFEM R,

Tl EX actor LB, I H A % —LLIE AL

Actors/hello_actors/hello_actors.exs

pid = spawn(&Talker.loop/0)
send(pid, {:greet, "Huey"})
send(pid, {:praise, "Dewey"})
send(pid, {:celebrate, "Louie", 16})
sleep(1000)

B, XBUCHS H spawnfllE T actorf 5L, H3R1FA2ATIAM, XD IHEARMR A ARATAE
pid, KA Tspawn IS EUITHE £ BYpREL, AW A PRECETalkerfi i loop (), %R
BAEZ 0S5,

e, B AR m R B iactor L K 5% T =/NH & .

W, sleep—F, ib& M HtBEAREEHEE (Hsleep () HARRMEEE—FRIEWKNH
WSt ),

LA i Be R i is 1 T4 24 -

Hello Huey
Dewey, you're amazing
Here's to another 16 years, Louie

e g2 1 anfagldactordf o KIS, BUETZRINT— T H P rpl].

PAFIZIEHE

S R TH B R Factorf R g R O B — . TH BIF A2 B X B — P actor, Tj/E
KiEF)—MEH (mailbox ) , UNES-1077R.

&%

Celebrate:
Louie, 16

Praise:

Dewey /

Greet:
Huey

Es-1 i fEAE Ak TH B
XFERIBEHH RS T actorZ [0] 1 56 R——actorfif A F LA RIE 1T, H AL B 2%,
IR A actorA] LARIRTZTT, (HE A T#B & BRAGA Ha O BT RAK AL BRI 8., B

HelloActors Talker
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R BALFISE UG A AL B R — M, PR T Z 500 Rk TH B A R AT

HUGHR

18 % actor 2 HEA T CIRIGER , 11T receive A B, JFHATH B, MAEXRE—TF
TalkerffEIA LA .

def loop do
receive do
{:greet, name} -> I0.puts("Hello #{name}")
{:praise, name} -> I0.puts("#{name}, you're amazing")
{:celebrate, name, age} -> IO.puts("Here's to another #{age} years, #{name}")
end
loop
end

PR B VTR ] O AT TERIERR, HireceivelhHFE—NHE, EafVCHiFA K
PRAE AT A HE o X B RO BRI 8 A8 T R A T DE i HDLECR, 7EHE
Sk (->) AR, ST LLE B B R (namefllage ) il B A xt R . 43
TH B AT 5 45 3 46 BRI E FAF Bt —— A B i (AR 00 24 .y aoft
TR BORAEIFRRAEAT KA AR T R AR AL

“—actor” HRIT I BT — B CRSTEIR Y Aisleep T 1R, 3XFEA A L OE ARSI AL EERY B, X
IRRTT RA IR 2E 3R N E——FRATAT LUSAS 47

R %22 &2 T Talker #) loop() & AWML ITiE )2, A2 SHERA T
A, FRORKMATE RS —h# 3 HRXEZT—H (R Clojure AHH], £
L 44 Hay #il‘]”) Elixir KT ARG, EARHGREGR R ELEBAREH
AT AT, AZ# )20 R AR R L34, !

U —————————

EREEF (linking) 332

N T IR —actor, TR BIA5AF . SB— R B FactortE 52 BTN 8 AL B S w56
F s 28 AT B actorfA] I 58 1 E 1]

B, A BTN R (T4 PAA AL ) il B — N4
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Actors/hello_actors/hello_actors2.exs
defmodule Talker do
def loop do
receive do
{:greet, name} -> I0.puts("Hello #{name}")
{:praise, name} -> I0.puts("#{name}, you're amazing")
{:celebrate, name, age} -> I0.puts("Here's to another #{age} years, #{name}")
> {:shutdown} -> exit(:normal)
end
loop
end
end

RIG W B — DIk Ractor & 5 58 2 G . FRUHSHS trap_exiti¥ Htrue, FHH
spawn_link ()&t spawn () L% .

Actors/hello_actors/hello_actors2.exs

Process.flag(:trap exit, true)
pid = spawn_link(&Talker.loop/0)

AR YR AR OGRS, AR —NEA (2— PN REFANHEE ). XTMHEE—1
—JLH .
{:EXIT, pid, reason}

B, AR SR P B I FISCEI S P E A

Attorslhello_actoulhollo_actqrsz.exs

send(pid, {:greet, "Huey"})

send(pid, {:praise, "Dewey"})

send(pid, {:celebrate, "Louie", 16})
» send(pid, {:shutdown})

» receive do

{:EXIT, "pid, reason} -> I0.puts("Talker has exited (#{reason})")
» end

A

receivefiz Ul S (TR ) B oo, BASYETY B S —ABE, mE
Fpidi YA AR LT

BITRAFAES, Fans .

Hello Huey

Dewey, you're amazing

Here's to another 16 years, Louie
Talker has exited (normal)

TN TRAES — KA THE TR AR
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B EMactor

ZHITalker & A R EMactor, BIE— NG REMactorfif, RESERE R, H
PR ERTLAGERT . 256103880, T miX Sactor B B — N B AT AR B B g n 1

Actors/counter/counter.ex
defmodule Counter do
def loop(count) do
receive do
{:next} ->
I0.puts("Current count: #{count}")
loop(count + 1)
end
end
end

1E28 H R ElixirthlEiex ( ElixirhfRJREPL ) HiEf7iX BEfCHS .

iex(1)> counter = spawn(Counter, :loop, [1])
#PID<0.47.0>

iex(2)> send(counter, {:next})

Current count: 1

{:next}

iex(3)> send(counter, {:next})

{:next}
Current count: 2 ﬂ

lex(4)> send(counter, {:next})

{:next}

Current count: 3

KB THZ =128 spawn () : F—TREHRS, S PRERPERS, B
“ARSEGIER. FXA AR spawn () AT LUK R IR B count {445 Counter. Loop () . AN kL,
BRE—{:next HH R, X actorit &5 — AR A E——A RS Mactor - 1% A {fi F 7T 45
. HTFXPactorZ2 PITAEINE R, HEitkactorn] L&A HORE, MIASE| &I & .

FAPIRREHE M

CounterB &R LUMEM T, HIFATE, HiT7 EicHE4 spawn () IS B4 LRI B
B4 (Z{:next}. :nextifZ{:increment}? ), N T EEFXERRM, AT LLK spawn () 1
FHAHE B B4 20 b 2 —H APIRR A+ .

Actors/counter/counter.ex
defmodule Counter do
def start(count) do
spawn(__ MODULE , :loop, [count])
end
def next(counter) do
send(counter, {:next})

YYYVY
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» end
def loop(count) do
receive do
{:next} ->
I0.puts("Current count: #{count}")
loop(count + 1)
end
end
end

start () FSEELAE] 744 %2 MODULE_, HAERZ YT 245 . XA AP actor )i ]
R4 BB 3 O HAS 5 e

iex(1)> counter = Counter.start(42)

#PID<0.44.0>

iex(2)> Counter.next(counter)

Current count: 42

{:next}

iex(3)> Counter.next(counter)

{:next}
Current count: 43

{3 RS actori& A T AT . T 1 KA B WAl LEF actord#t F 7 AW )@ (5, ik— actor
] LAAREU —~actorfit R 2

W EEE

ZHMHEFI, actorfE A Kk TH B IN—REHIFASHFHZE ., IRIRNTEAFE— DR M
EIEWE? e ZRTHCountert, QIS Hactorf SRTiHEL, Wik MaTiHEGR 144 &% &
SIERER?

actorfSi UVE A $44E B4 (01 SR 3 B AOMLAR , BFRATAT LA A A TR . B R R AR L A T
WA, kX AU, B AR T L Y L

Actors/counter/counter2.ex

defmodule Counter do
def start(count) do
spawn(__ MODULE , :loop, [count])
end
def next(counter) do

> ref = make ref()
» send(counter, {:next, self(), ref})
» receive do
> {:0k, ~ref, count} -> count
> end

end

def loop(count) do

receive do

{:next, sender, ref} ->
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) send(sender, {:ok, ref, count})
loop(count + 1)
end
end
end

XA RRAAS PR Y AT, TR Y AT BOR P48 Ak , R BT BT TR =
JCH :

{:0k, ref, count}

ref 2 &% # Himake_ref ()4 HIME—51H.

KHE—T

iex(1)> counter = Counter.start(42)
#PID<0.47.0>

iex(2)> Counter.next(counter)
42

iex(3)> Counter.next(counter)
43

BAERT LA Counterf iR A 44 , SXAFREAT LUE 1 22 FRACHR B XS N A HE R

A AN Counter #T RS L — AL, * RS LA HIT:
{:next, sender} -> I
send(sender, count)

KRERS, 42 Blixit THALAAHNE, LE-ALEAFNLREEAAGLL
JAE, A1 0938 A KA L AT A, KR 5 AN S AR T actor
LT AR i AE—3] B *B’. X EIN &,

AHIEwH

e — B AR A AR, TR AE AR PR RAT . WRERATA C AR, A
AT ARGE, (HANSRE [ — 5B A HERR K% T B VR 7

AR AT LA ZFO7 i, SR B f iR R R i R i 4 -

iex(1)> pid = Counter.start(42)
#PID<0.47.0>

iex(2)> Process.register(pid, :counter)
true
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iex(3)> counter = Process.whereis(:counter)
#PID<0.47.0>

iex(4)> Counter.next(counter)

42

Fim i S fHiProcess. register() Mt 4, JFFProcess.whereis ()& 45 PR $& it
. i#idProcess.registered() W LA E O #ian & T A HEE

iex(5)> Process.registered

[:kernel sup, :init, :code server, :user, :standard error_sup,
:global_name_server, :application_controller, :file_server 2, :user drv,
:kernel safe sup, :standard error, :global group, :error_logger,
:elixir_counter, :counter, :elixir_code server, :erl_prim loader, :elixir sup,
:rex, :inet_db]

AT LA BB PLAE R hif C 2 n 4% TIRZHEA MR, ZHTfE Hlsend () sREN , HSBUE M
PR g, PR A] A R A FR

lex(6)> send(:counter, {:next, self(), make_ref()})
{:next, #PID<0.45.0>, #Reference<0.0.0.107>}
iex(7)> receive do msg -> msg end

{:0k, #Reference<0.0.0.107>, 43}

AL fECounterfiJAPI, [HAHMEAHRERIEASEL:

Actors/counter/counter3.ex

def start(count) do
pid = spawn(__ MODULE , :loop, [count])
»  Process.register(pid, :counter)
pid
end
def next do
ref = make_ref()
» send(:counter, {:next, self(), ref})
receive do
{:0k, “ref, count} -> count
end
end

FHUE—TF

iex(1)> Counter.start(42)
#PID<0.47.0>

iex(2)> Counter.next

42

iex(3)> Counter.next

43

SRIFJHEVTRR . ettt — 208K, ZR8K)E T T L B2 i AR # 35 — S 94T map
PREL, 2L FClojureffipmap.
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5 sREIE T —FE, Elixirh ) BRBUR S — A R ——R BT DI 2148 & |, wTL)
TERRESE, SEIRRA A G, 2B, FiexBR— T UMDk & 4 sR B 1E S 50E 44
Enum.map, ¥ PEAITTEBELT.

iex(1)> Enum.map([1, 2, 3, 4], fn(x) -> x * 2 end)
[2, 4, 6, 8]

FAFClojuref#( . . . )%, Elixirth 241 T & LB & R P & (... )

iex(2)> Enum.map([1, 2, 3, 4], &(&1 * 2))

[2, 4, 6, 8]
iex(3)> Enum.reduce([1, 2, 3, 4], 6, &(&1 + &2))
10

IR RPN ER] T — ek b, FTLUH . RAERFR 8 FZAE AR A bR AL -

iex(4)> double = &(&1 * 2)
#Function<erl_eval.6.80484245>
iex(5)> double. (3)

6

FRE — IR (8] pR AR R

iex(6)> twice = fn(fun) -> fn(x) -> fun.(fun.(x)) end end
#Function<erl_eval.6.80484245>

iex(7)> twice. (double).(3)

12

BAEC aHes s 7RI I Tmap O BIFTA TH, HETFHET.

HiTmapR

ZHTE 4 T Elixird2 it fmap () BR%EL, & 0] LA — N EATEIMBLEHRE, At 2 BT
B T EFEATEHSCE AT R E S B L E

defmoddle Parallel do
def map(collection, fun) do
parent = self()

processes = Enum.map(collection, fn(e) ->
spawn_link(fn() ->
send(parent, {self(), fun.(e)})
end)
end)

Enum.map(processes, fn(pid) ->
receive do
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{"pid, result} -> result
end
end)
end
end

X BARED S A B BB, MRS R TR AR TR (ARESH 100010
Z, 11000808 ), B UEREXTARRITTR N funeR B, FF ) K KT B B9 SCHERR [3] & Htihn ek
BIEER . BB, CHRERIA THERNGSR,

KEUE—TF

iex(1)> slow_double = fn(x) -> :timer.sleep(1060); x * 2 end
#Function<6.80484245 in :erl_eval.expr/5>

iex(2)> :timer.tc(fn() -> Enum.map([1l, 2, 3, 4], slow_double) end)
{4003414, [2, 4, 6, 8]}

iex(3)> :timer.tc(fn() -> Parallel.map([1, 2, 3, 4], slow_double) end)
{1001131, [2, 4, 6, 8]}

KB HIEN T  timer. te () BR%L, HXISBeR I IZ T TSI, Hag El— =504,
F—ATCREIBTHIE], HoATCRESHRBARIEE, 7TLIEFIRITRAET 1480, Mt
FIhRAET T 1R

%_i’E\éﬂd‘

B—RKI2EIEEHR T . 58 RIS actorfi BY U ES IR AL B AN 2451

F—RBENFRTHA

ZAactor ( #F2 ) AJLAREBHEFT . AILERE | #d mEFE 7P A % TH Bk TR . &
B AP IRATAE S Al S R SIS

Q Hispawn () BE@# i ;

Q flsend () [l &R 5 TH S 5

O I Ak AL HH B

Q EEMAHRE, YRR, H— DR A

Q 7E 70l ME AR L, ST B[R A8 ;

Q Nt .

$£—XB3

Ak

Q [ Elixir ) s RO%E SR .

O W EErik Meijer, Clemens SzyperskifiCarl Hewitt7E Lang. NEXT 2012 I 3 Factorf& Y i %:f

T
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Sk

Q I AE Erlang AL A — R A A, HS7EIVM EAIEE— 2R I AR 1T A

Q 22 BT A I T map R B AR, HL5 337 T map PR BASHES T HE48E . (] st 7 468 1 -4 Tmap
PR, faThsH {53 4 T map R £k 7

Q Z2EZHi I TmapR s, 5—1-Ff Treducerhi%i.

53 HFIX: RLEMAEM

FELITEES : JFRAREEN—MFERIF LR AEA R, 5Kk actorfi A
S LR AR TE o

AN S A E R B FR A i — A R 2 M T BRSSO, 2 T e M Sl |
AT,

—NEfFactor

AR RN PIBTGRAT [0 BAFUR N BT, T B HEURL LA K DT 6T SCAR 3 [l A7 2R 1 i
i, FAfeftURL; WATAAERZ IS 72015,

FANTH L, XA F IS T URLE T AEIBLST . SClojureImapZEfil, Elixirfi) 5 it
e —A IR A B R A BAR S5 -

iex(1)> d = HashDict.new

#HashDict<[]>

iex(2)> dl = Dict.put(d, :a, "A value for a")
#HashDict<[a: "A value for a"]>

iex(3)> d2 = Dict.put(dl, :b, "A value for b")
#HashDict<[a: "A value for a", b: "A value for b"]>
iex(4)> d2[:a]

"A value for a"

fifi flHashDict . newr] LA EEHT A F 8L, [ IDict.put(dict, key, value)d] LA ik
ot , ffifdict [key] A AN H P A 402,

| FH 7 ] PASE IS A
Agtorslcéchelcache-,eﬁ

Line 1 defmodule Cache do
def loop(pages, size) do

receive do
{:put, url, page} ->
5 new pages = Dict.put(pages, url, page)

new size = size + byte size(page)
loop(new_pages, new size)
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{:get, sender, ref, url} ->
- send(sender, {:o0k, ref, pages[url]})
10 loop(pages, size)
{:size, sender, ref} ->
send(sender, {:ok, ref, size})
loop(pages, size)
{:terminate} -> # £ b{35 - Atid)s
15 end
end
- end

XNRFHES TAIRE . pagesHllsize. pages ¥ URLBLS B 0 MM, sizeE 4RT
AT A T8 (FE5564THbyte size () BT ),

HZHEi—F, RO HAPDR BB G 2 B M AR E B . FraBE T
start link()pR%L:

Actors/cache/cache.ex
def start_link do
pid = spawn_link(__MODULE_, :loop, [HashDict.new, 0])
Process.register(pid, :cache)
pid
end

XBACH 2z - 80 E R Loop () FIFIGRTE, KR4 M : cache, T HIAIACHS 07k
put(). get(). size()Fiterminate()ER%L:

S

def put(url, page) do
send(:cache, {:put, url, page})
end

def get(url) do
ref = make_ref()
send(:cache, {:get, self(), ref, url})
receive do
{:0k, “ref, page} -> page
end
end
def size do
ref = make_ref()
send(:cache, {:size, self(), ref})
receive do
{:0k, “ref, s} -> s
end
end

def terminate do
send(:cache, {:terminate})
end
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put () Fllterminate () BRE H M A S AE TP, IR CAL/E AT BU&G. ( fifget ()
Misize () RE LA L, WNENTFEEF—MHEMEE . AFh, XMW pREERTER B4
WAME—TH, ENFRATHE R AREE

Kz 17— FiXfactor:

iex(1)> Cache.start_link

#P1D<0.47.0>

iex(2)> Cache.put('google.com", "Welcome to Google ...")
{:put, "google.com", "Welcome to Google ..."}

iex(3)> Cache.get("google.com")

"Welcome to Google ..."

iex(4)> Cache.size()

21

—UIA—BAE E 2] LA A7 R iRl . BOH AR, LREEFRZAT IR/,
TSR —LEE 28007 A HIn i VPR DU «

iex(5)> Cache.put("paulbutcher.com", nil)

{:put, "paulbutcher.com", nil}

iex(6)>

=ERROR REPORT==== 22-Aug-2013::16:18:41 ===

Error in process <0.47.0> with exit value: {badarg,[{erlang,byte size,[nil],[]} -

** (EXIT from #PID<0.47.0>) {:badarg, [{:erlang, :byte size, [nil], []}, - u
AT, RARARESE, ITUXUGETT RN T . TERZHGE S T, MR Ty ik 2
Wn— A SHARES, MRARFEES TR . Elixirf it 1 7 —Fhor ik ——R R iR b 2
PR S| — gt g, XANTEEME L, AR MERSGHE, MRS TE R . R,
W ATEE,
FESE W S P R 2 A, TR T R R 2 (R a4

B i R

FES.27%H, A TH spawn_ link () ZES7 P/ UERR 2 (B34, SRR AT ARG 21 3 — ik
HZ Il . R Elixirdm e HP i B S 2 ——BERRIRA T

IR R BRILE T EEHITRE

{EArEHEER AT LA Process . Link () fE AN UERE 2 [RIEE ST VEE . F 1 e S —1fij B i actor,
AT IE 7 HE 1

Actorsflinks/links.ex
defmodule LinkTest do
def loop do
receive do
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{:exit because, reason} -> exit(reason)
{:link to, pid} -> Process.link(pid)
{:EXIT, pid, reason} -> I0.puts("#{inspect(pid)} exited because #{reason}")
end
loop
end
end

BAEQIE X Pactor N SEB, KX DR EREGR A, IR — R4k

iex(1)> pidl = spawn(&LinkTest.loop/@)

#PID<0.47.0>

iex(2)> pid2 = spawn(&LinkTest.loop/0)

#P1D<0.49.0>

iex(3)> send(pidl, {:link_to, pid2})

{:link _to, #PID<0.49.0>}

iex(4)> send(pid2, {:exit_because, :bad_thing_happened})
{:exit_because, :bad_thing_happened}

X B B SR T actorf AL, R HAERRARIR S ISR E Bl pid1Fpid2, ARJFEIEMN
pid1#|pid2fyi#t%. ffaibpid2fyiife s a4k,

pidl AN fTElpid2 R & IR A, HERMFEDpidl P ARE Y, EHREEAR IR
B :trap_exit. 54b, WRHProcess.info() & FEM MNHEMRE, SBEFIUTHER .

iex(5)> Process.info(pid2, :status)
nil
iex(6)> Process.info(pidl, :status)
nil

KAE— A H Epid22L ik, MM HERRERL L T o FRATEHRMS —MR5S, FEke2: > ey
185 XA A] L,

EFEENEH
AR ESE EWAALE, ikpid1Zk, MAE P RIS R —MW A HEREA LT

iex(1)> pidl = spawn(&LinkTest.loop/0)
#PID<0.47.0>

iex(2)> pid2 = spawn(&LinkTest.loop/0)
#P1D<0.49.0>

iex(3)> send(pidl, {:link_to, pid2})

{:link _to, #PID<0.49.0>}

iex(4)> send(pidl, {:exit_because, :another_bad_thing_happened})
{:exit_because, :another_bad thing_happened}
iex(5)> Process.info(pidl, :status)

nil

iex(6)> Process.info(pid2, :status)

nil

] DL e 1Y . BN T Mpid1|pid2i & ay[RIRT, tduaka s 7 Mpid2F|pid1 i
FE—Fr LR rp— AR L, AR T
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EFRLEIE

Rt E N — AR IERZIE (HinormaUX B dR B2 ), SWERLLT
BER:

iex(1)> pidl = spawn(&LinkTest.loop/0)
#PID<0.47.0>

iex(2)> pid2 = spawn(&LinkTest.loop/0)
#PID<0.49.0>

iex(3)> send(pidl, {:link_to, pid2})
{:link to, #PID<0.49.0>}

iex(4)> send(pid2, {:exit_because, :normal})
{:exit_because, :normal}

iex(5)> Process.info(pid2, :status)
nil

iex(6)> Process.info(pidl, :status)
{:status, :waiting}

A] LR IE W 2 L RN S LY 5 — AR LR 1Y o

WL E IR trap_exithniR, ATRLE—BERAR S — RN ZIEEE . €A
kUL, KRR R it A2

Actors/links/links.ex ‘ : u
def loop system do
Process.flag(:trap exit, true)

loop
end

Heiik—TF

iex(1)> pidl = spawn(&LinkTest.loop_system/0)
#PID<0.47.0>
iex(2)> pid2
#PID<0.49.0>
iex(3)> send(pidl, {:link_to, pid2})

{:link_to, #PID<0.49.0>}

iex(4)> send(pid2, {:exit_because, :yet_another_bad_thing_happened})
{:exit_because, :yet another bad thing happened}

#PID<0.49.0> exited because yet another bad thing_ happened

iex(5)> Process.info(pid2, :status)

nil

iex(6)> Process.info(pidl, :status)

{:status, :waiting}

BAE, TLAfHloop_systemizhpidl, 4pid2K LAf, pid1&i35055.8 (HFTEDE H
B, JFHadetiatt,

spawn (&LinkTest.loop/0)
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EIRiHIE

KAIC AU LB — D RE S (LR DREHR), BEMES TR,
N AR RS A TSR AT T

A BRI fFactor O E— NME R, YGAFHERE ARG, ERE SR HE S

Actors/cache/cache.ex

defmodule CacheSupervisor do
def start do

spawn(_MODULE , :loop system, [])
end
def loop do

pid = Cache.start_link
receive do
{:EXIT, “pid, :normal} ->
10.puts("Cache exited normally")
1ok
{:EXIT, ~pid, reason} ->
I0.puts("Cache failed with reason #{inspect reason} - restarting it")
loop
end
end
def loop system do
Process.flag(:trap exit, true)
loop
end
end

X ~actortf A CFEL N R G RE, FfiE Aloop (). loop ()& T Cache. loop () ##E, H—
HFHZE, HPIFREARZL, ZRE R EFAL, WEMENRERZLIE GRE ok), &l
Loop () #EFT8 ) BB A R AF R

PAEA L B BhCacheSEf, Tfiif&fE 3CacheSupervisor, Hol i 5t # Cache L Hi .

iex(1)> CacheSupervisor.start
#PID<0.47.0>

iex(2)> Cache.put("google.com”, "Welcome to Google ...")
{:put, "google.com", "Welcome to Google ..."}

iex(3)> Cache.size

21

WREAFRAGE, MW ASHER

iex(4)> Cache.put("paulbutcher.com", nil)

{:put, "paulbutcher.com", nil}

Cache failed with reason {:badarg, [{:erlang, :byte size, [nil], []}, -

iex(5)>

=ERROR REPORT==== 22-Aug-2013::17:49:24 ===

Error in process <0.48.0> with exit value: {badarg,[{erlang,byte size, [nil],[]}, -~

iex(5)> Cache.size
0



53 SR BiRAEAZHMN 117

iex(6)> Cache.put("google.com", "Welcome to Google ...")
{:put, "google.com", "Welcome to Google ..."}

iex(7)> Cache.get("google.com")

"Welcome to Google ..."

BARGAF B FA T2 B RZATHEEE, [BZEDRE] T — R o] LIRS IR A7

Bt

B A E R RN T, EIFARTTREZY, R HRE RN M F A AN A, T
XSS R A

(1) R M A7 K 3%  puti B 5

(2) 2 M A7 K% cgetiH B ;

(3) AFAEAL TR 1A T BT8R T 5

(4) BHEHEAER, HAE20HEEERT;

(5) 27 receivelb G AFES, —HAEERFHEMNEE, (HXAEEKEAESEE.

FA 1T LU HafteriB i)k Hreceivet IABRTALE], X T BN — Fget() (size() %t
T B[R RERIB R )

ref = make _ref()
send(:cache, {:get, self(), ref, url})
receive do
{:0k, "“ref, page} -> page
» after 1000 -> nil
end
end

RALERRNIERAREATAHNLELT, XA E —AMREL
Elixir 2 % 6.4 3 6 — 5 SEAKi% 3% A 4320

Elixir A7 # ASHLAY

Q &vﬁfiﬁ#’%ﬁéi, H B— R e A E K AR AL I,

QeRENEFTHART, FF—ZA2BmIERE (BREAERAXCL2EEIRELS
K A B RAL)
% &N A2 Elixir A2 S48 B L, ‘ :
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R4 IE A% (error-Kernel) #&3K
Tony Hoare i —A] %4 5 .
BAFET A AmAEF R — A H X, EHAE TR, AEWE ARG, 5—FF
KA, ML TELE, KANSGERG,
actorf2fit T —FhEFER = AR AR, M EEE T,

— RO RGURIIA T FRAE B, IR AL RGEIER ST T AT AR TR P
IRIERMIEAT o AR e e R AT BN AT T B A R A B A SN T 7 281 ) i v A Tl

o F— Al Flactort BY Y FRFF , HAHIRAC N BR TZ B HE | 8 Filfe—x Filt
Bt . 1#1E . ERFRME,

R PP B B ML ERARA I O B9 R URAL B N B —— TR AE B 17 A i $ 2 SRS IR A F P A A0
EMET. FHRISH A CRERC N, DU, XA T R SE N B2 e
GRS BHRIEAR BT LR I 2 WactorfiUfT, ANFEIS-2F7R .

VAN

\/Cg Céé) N s

[E5-2 AR R Z 9
FETRAL PR A AZAR S S B AR U T B X 4 A i 3 £ — S T (m) £

[] #ms
O Tiith

EH B
A i e o B I T T B LA BRI S A Ve . 260, (B — R,

(D http://zoo.cs.yale.edu/classes/cs422/2011/bib/hoare8 | emperor.pdf
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Z—NFRR, YFEFRLRREREEtrue, BEE false, ekl — A

def all upper?(s) do
String.upcase(s) == s
end

B EFAHE, BNMREAIUERSEL, XBACRDRE IS 8 TR, A7 SefR )y 5y
X HAEAT T U B

defmodule Upper do
def all upper?(s) do
cond do
nil?(s) -> false
true -> String.upcase(s) == s
end
end
end

PAEFREFIni VNS R, ARSI 2t 1, (HAURAE A5 — SR e R S 500
( Hean—A~587 )7 Hni WSRO AR B B B B 07 IXAHB U R A T RE 25
K — A~ ——FURFRA TR I B 1 XN, 2R WARME BB AR, (A —RESE
W FHAT— 0

{if Flactor BB YRR FF S F A REA TR A, TTRMAE LI M2, ilactorf B #
AL PR X LRI  X RO LA, Hen.

Q RESLSAEEME G BA S, nTLEW Xl “—XUT" AR A s

Q Z P actorZ R E MM HY, FHAILERE, Hit— 1 actor i fif 15t A A 25 K ) HoAth
actor, JLH EE M E—actorf AT A SN 2| A HEE , RS TS A RE IE 0 AL 2t
WA ;

Q EFHE A DB A, MR iCS e R, X REFR AR 15 3 1 v 20 o o
ITIREEAbHE

BRE—IRE L X EHAE" MEEA A, (TR R AR AR - 3R
SR BT R . —2E RGER) a] FIPETR AR E 3 1799.9999999% ( 941~9, 2 ILProgramming Erlang:
Software for a Concurrent World [Arm13]")

B_RBHE

FeA 15— K2 T actort B FERIEIIR, 55 — K2 2] T actorbi Y ANl AT 2484 . 58 = Kok
2J 0] Flactor B By 4T 3 A X 22

@ Z A 3R  ErlangB2F1H (55200)) C i A RMRHL AT HR:  http:/www.ituring.com.cn/book/1264.,



120 % 5% Actor

F_XENFRTHA
Elixiril b 0 245 H0E J F Al P R (0 R A T A4 -

O FEHE ) ) —— R R FE B HERED, TR AR bt i 43 i fa;
O T MG RR—— AR R C i, Hobh— il R &L, BAs—1 it

BUSRHEAIL;

Q WSRO R g i R, YRR R ZOER, REHBEASAL, MRS
3] EXTTIHY L,

S =

ik

O [{%Process.monitor () AAH Y — B — iR S — P BRA A X 57
AT AR, (o] et %

Q Elixirz b4 55 AL PR 7 (afad DL S A28, i Al FHAT B A AR
o aged

Sk

Q fEreceivedtr, R —NHEBIRILEENEMER, Mo BEHRNGERES . FAX
AR R AR, S DA R 4E 4, BIEARR Se i B T RE H i 1 Se 4t i
THE B R g, (PR B A R e i1 B T H g b 2L

Q M4 KIF R A0 G AFactor, R Hhash PRECK A7 LK LS| £ Nactord, BIEE— M
Hactor, H A FTEIHZ A TEactor, JFHIHBFE KA XN T fEactor, MR — T AEactor
AR, A5 Blactorh 1% /E AN

54 FE=X: oHRN

F HAT A LT T BT A FHRE A S — 1B, M FEe g% i3 LAY, actor
FEIRY (1 — AR AP S S R A —— & vl DL B A 6 3 5 — & 1R E actor, 5%
EBA IR Wactor—HE .

e AT, %2 T Elxirf A — Rk r) T H——oOTP,

OoTP

W EPK, HATEAEN “ER" AEIXirEfEns . XA R TRATEMILEI TS, (HanE
PR 0477 AR — A TAEE R A B, IR B3R W JOMR HLZR 5 tht . IFRIX BARE &
BN T AR B — DA DX A (R B E——OTP.
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Y85 #iaF A h A TKE, IBMF & L& International Business Machines #9455, {2
T X 5 AR IBM 3R IBM: 4 53L& 4 R A6 & 698 Ak, £, BBC 47/ & British
Broadcasting Corporation #3455 , OTP #.4 & & Open Telecom Platform 6945 5 ,

Erlang (6.4 Elixit) &ARMEGE % RAARS, #5 Erlang 095 1 % SAAMRE]

T OTP ¥, 12 OTP R €3 k¥ M &), OTP 3% OTP,

TE5SJOTPZH, FekBE B AEElixird s G VC AR Anfo 38 5L
R SR LE

ZHTRAULAEAN A receive R B ICHT, SR 1778 Elixir-P At VT EC R b i) U (B 7550
PR, BRI R, SR AE A TR DTS . T — T SR A R SO 26 491) <

defmodule Patterns do
def foo({x, y}) do

I0.puts(“"Got @ pair, first element #{x}, second #{y}")
end

end

X B E LT —A %, HAEZ A28, AR {x, yiixPS5. mEH—4
ZICHHATICHEE, AR A—STHME— TR S ERIx b, oA nREYESy .
iex(1)> Patterns.foo({:a, 42})

Got a pair, first element a, second 42
1ok

WERA— AR SEATIN, B8 — R

iex(2)> Patterns.foo("something else")

** (FunctionClauseError) no function clause matching in Patterns.foo/1
patterns.ex:3: Patterns.foo("something else")
erl_eval.erl:569: :erl_eval.do_apply/6
src/elixir.erl:147: :elixir.eval forms/3

AR BT L — A R BN A AN [ 2 3L

def foo({x, y, z}) do
I0.puts("Got a triple: #{x}, #{y}, #{z}")
end
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JEFH RO, 5ZEUCAL ) BRECK AT

iex(2)> Patterns.foo({:a, 42, "yahoo"})
Got a triple: a, 42, yahoo

:ok

iex(3)> Patterns.foo({:x, :y})

Got a pair, first element x, second y
1ok

TR HOTPEE B — iR 5548, Hp AR TR,
FGenServerE#sEINEF

MAE 2 OTPH)— 414 : GenServer. GenServeri2—~47# (behaviour) , A LI A
BlE— A RS Mactor, FRATHEEAAFHIX N (4 FHHT L BUHE R I RAE

PRA] figdE A behaviouriX FPHFE A S8, ‘ERIE TErlang, MiErlangfHiRERXPFE . RATHE
A BT X AP

XRFTULE) 1787 JEW AU FIavarf 8 O ——HE LT — R, Bl fuseskrs
HACSEHR TR

Actors/cache/cache3.ex
defmodule Cache do
» use GenServer.Behaviour
def handle cast({:put, url, page}, {pages, size}) do
new pages = Dict.put(pages, url, page)
new size = size + byte size(page)
{:noreply, {new pages, new size}}
end
def handle call({:get, url}, from, {pages, size}) do
{:reply, pages[url], {pages, size}}
end

def handle call({:size}, from, {pages, size}) do
{:reply, size, {pages, size}}
end
end
X B AU b cache S M T — 1478 ( GenServer.Behaviour ) 1 # > bR %k
(handle cast()flhandle call() ).

handle cast ()] LIZRFE BAEJFARIEEE . HEZWAS5: WA . actorf) 2477
RZS . IR —1"Jt4l{:noreply, new_state}. AH|H 58 T —handle cast ()34t
F:putifi B,

handle call () T LAACERIE B H 1B S0 B . HEsZ =250 WA . REFFRIN ., actor
B YRR . SRR ——Jc4l{:reply, reply value, new state}, A<fiisrsCHl T #4
handle call(), —/fAFikb#:getiH B, H— 1 RFTLH sizediE . E MBI T Clojure, Elixir
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FATFRIZ () kiR 2 F£Ri%E E A g H—I-tin_from,
T BB R — S T Y APL:

def start link do
:gen_server.start link({:local, :cache}, _ MODULE_ , {HashDict.new, 0}, [])
end

def put(url, page) do
:gen_server.cast(:cache, {:put, url, page})
end

def get(url) do
:gen_server,call(:cache, {:get, url})

end

def size do

:gen_server.call(:cache, {:size})
end

X BEACHS{d F T :gen _server.start link() #E #ftspawn link(), {#i/f]:gen server.
cast () KiE—PATEFEERHEEL, fffl:gen_server.call() KiE—IHEREHE.

Bk, HOTPRIE—MEHE .
OTPERE
X E— P HOTPEHH AT Mk LM B S .

Actors/cache/cache3.ex T AR 0 e ~
defmodule CacheSupervisor do
def init(_args) do
workers = [worker(Cache, [])]
supervise(workers, strategy: :one for one)
end
end

R st SR init () sRs. HIEZ— S8 (RFPBRAHEAX S5, flg—%T
VEHERE I HAT P . Al g T — 1 CacheifF2, F-f#iFHone-for-oned i 5 Mg AT 1%
]‘EEO .

OTP EEA/TH X4 M AR ER %5k, R'F M= one-for-all #= one-for-one,
l EERRARNREE SN TR ARG T E ol TER B K TAehAZ, e B— N1t
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|

AL 44 ik , 4 A one-for-all % w4 &34 25 5 & B FT A T AR A2 (@682 2L AT A i 09 TAREA2) ,
{# B one-for-one % w4t % B H L E B €42 M ik 09 TVt A2,

AEAEHE .

:
|
(

. - " 2 o “ ey :II = {(el i ;mq -
Actors/cache/cache3.ex - ; P . ] g _‘*‘_‘ -y ] &
def start link do

:supervisor.start link(_ MODULE , [])
end

PRAT LA FAT R IE— T S A B R R RELEH AR, TEWER A~ bt T 26U BeIE , 1

Edevd L6y KR, OTP T AR KMNA E— L AW eIRD, HIPELRET £ 5 6947
A, REFREIANNGHI T RRAMLAIL, HLZIGEHHERAK, A OTP FRMHIR
$BARERERNER SR, LFEBEUATILE,

RFHERES: ZAMAMNACEKANFEELZERAFFERNER Lb—J X
IAEBAZHT, AL EL . WRIFRALLDHREAMF, F2ERAL—LERT

AEZAE. @ OTP RUMFEETURRIRAELAE, wRELLTIAMME, FRAH

ARFHAL,
Wik5 B & B A% OTP R4 B AR, TR kA0 S0, ZAFLRES,
KAWL OTP IR 4 5% £ 4L 2A R AR TR A,
EHHS: RFER, Mk aHyE, F%.
ABTRLHMABE AN, k5% P TR AT R, LA Tt

! E s

T
AP Erlang EAUPLICH], FAY TEIE 1A% 5. ZATH B4 R a1 T — AN,

B ) W B R e A A
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3£ (connect) “¥5 &

FEREPG A S, AR X AT S A 44 o o shErlang HELALES AT LA F - - name 5 &
--sname ¥E Wi K T 5 Ay 4 . T ) MacBook Pro [ IP /& 10.99.1.50 . iz {7 iex --sname
nodel@10.99.1.50 --cookie yumyum ( fl§/5 & HE- -cookieZ# ), nLUARF T HAMK:

iex(nodel@10.99.1.50)1> Node.self
:"nodel@l0.99.1.50"
iex(nodel@10.99.1.50)2> Node.list

[1

i fliNode . self () A] LI FE 1T A4 FK, {1 fHNode. List () 7 LAEr & S i1 5 2 260 a9 Ho At 45
Fl . BAERXHIRIZEZM, Tk HIEE . R Hiex --sname node2@10.99.1.92
--cookie yumyumfE % — G iHEHI 10.99.1.92 ) [izf7 55— ErlangE#IHL, FiNode. connect ()
AT LAV A

iex(nodel@10.99.1.50)3> Node.connect(:"node2@10.99.1.92")
true

iex(nodel@10.99.1.50)4> Node.list

[:"node2@10.99.1.92"]

HERRAUAR, B G RRAESE —GHEE .

iex(node2@10.99.1.92)1> Node.list
[:"nodel@l0.99.1.50"]

P RAR PR —& A, 12 LM EIXL, AT LA, »
Q & A E; J
O 4l Amazon EC2 X & £ M &= IR 5
QA SHAMEBEAEANATE, BREANFTELERTARA —ERE, HFRAANRM

By F R, WwRRF Al TRE 5 TR K BE, A5 X T L8 R 2% B 5 K

Fo BC E M) &5 BRI i

AT
2L TN, — AT AE S — AT s B AT

iex(nodel@10.99.1.50)5> whoami = fn() -> I0.puts(Node.self) end
#Function<20.80484245 in :erl eval.expr/5>

O ZATIRA TR R R R, AR Uinks AL HOIE BESB I Reconnect, X P MIESAS AR . ——iF#1E
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iex(nodel@16.99.1.50)6> Node.spawn(:"node2@10.99.1.92", whoami)
#PID<8242.50.0>
node2@10.99.1.92

X B A LU B A RS A R B K ——— N 7 — 0 i BB TSRS, 1 HARA T 45 Raa
LR A — AT . XREENFHBESHECHERRNZ K (group leader) , I0.puts() 2K
R LAHK . HEEHh BT TR A

mEEE

miRTEr, —actor] LA B — &R actor X 26T B . 25015, i ChefE— 1~
B EAIE T —A CounterBySLf] ( ZIL5.27 4 “F RS Mactor” FhIr ):

iex(node2@10.99.1.92)1> pid = spawn(Counter, :loop, [42])

#PID<0.51.0>

iex(node2@10.99.1.92)2> :global.register_name(:counter, pid)

1yes

BB f5, Hl:global.register name() A7, X2 TProcess. register(),
HEREENEREMET.

IAESE T LAFE S — 19 4 L : global.whereis name () SRHBGHFEFRIAFT, JFAXHE

iex(nodel@l@.99.1.50)1> Node.connect(:"node2@10.99.1.92")
true

iex(nodel@10.99.1.50)2> pid = :global.whereis_name(:counter)
#PID<7856.51.0>

iex(nodel@l0.99.1.50)3> send(pid, {:next})

{:next}

iex(nodel@10.99.1.50)4> send(pid, {:next})

{:next}

BAR, TER A BRI

Current count: 42
Current count: 43

HHE—T: HEAEETTEREN 241 S Mactor i SCHERR 1 /i L

—AFAETURAES =T & LZARFRD, TRFFRLG—ADE, RLBRXHS
REARRE, AT R TR RAHALTERA B L oM. ZATHM iex M1k A #)--cookie

ABER T
#)7 ik B AR Erlang £ 28695 2, rbdo SSL e,
ZAMRRE R, ERAF]TFF@RA IP IR D ELMRG—IRS, A KR

A Erlang 9 % {23& 042 Bl Bl 4% cookie &5 %1 & K655 8, A e |




54 H=ZK. pHX 127

S ETAGER (B AH R ASEE, B IPRERE), Tt A E B A |
ol & AT AF,

RERAF O AT LS, 8 E T RBOEE, AFSIRATRAEET,

oL 0] AR 2 A |

S RIRSRGL

FRATTRPFF S5 R X actorfid BYFNElixirf) 24 >, BRAE 221 5L B 40 A1 X A Wikipediaid #5511 (R
JLIFEE SN A TS ). o mNe r ZS5RTLEAMIR T ZH L, MR LIS 22
B ARGREETURAHZETENN DR, HEEMNRBRPIKE .

I A AR R 7 SR A SR N 18] 5-3 BT 7R

it 3% iR A T
BB B A TU DU s
Vs
Shngk

F5-3 oAy SR A Y

SR T B K3 = Factor: — MENTES (Parser), AN (Counter) Fl—A>
Zhngs (Accumulator ). fitfras i 5o — > Wikipedia dumpf# T BUE T BUT, THECRE f 5481t
DU A, RINES R TT G 24> UL ) 59 8 8k

A B SR—RT EER AT AR — A U . TR SRS, SEt S AR, K
LR FEMAS . RIS, 25 VR T 8HZ 00 E S A HL

ARG AR A BRSO AL TR, JEBRTSEI AR, A 7S
CEii

S

FiEfCounterfil — A Hhy KARZ Mactor, MParser EICHU , JFHF OS24 244

Accumulator:
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Actors/word_count/lib/counter.ex
Line 1 defmodule Counter do
use GenServer.Behaviour
def start link do
:gen server.start link(_ MODULE , nil, [])
5 end
def deliver page(pid, ref, page) do
:gen server.cast(pid, {:deliver page, ref, page})
end

10 def init( args) do
Parser.request page(self())
{:0k, nil}
end

15 def handle cast({:deliver_page, ref, page}, state) do
Parser.request page(self())

words = String.split(page)

counts = Enum.reduce(words, HashDict.new, fn(word, counts) ->
20 Dict.update(counts, word, 1, &(&1 + 1))

end)
Accumulator.deliver_counts(ref, counts)
{:noreply, state}
end

25 end

X BACTH G T OTPHR 55 4% B bR R X —— & e R At AN AR FI AU API ( start_link() #l
deliver page() ), SRIGEWIHILEE (init() ), BJFRHEAFERE (handle cast() ).

Counter®th kit AeiEfiParser. request page() (551147 ).

CounterfHE I E)— T, EAESHIEF— P (51647, XFEE N THER ), KR
JE BT 2 HT T A, s Mcount sORIRGFAE SR (182147 ). Hakiref (5| Href2M
DU — RN A ) A R & % % Accumulator,

FlfiCounterSupervisorn] LI M4 Z~Counter:

Actors/word_count/lib/counter.ex

defmodule CounterSupervisor do
use Supervisor.Behaviour
def start_link(num_counters) do
:supervisor.start link(_MODULE , num counters)
end
def init(num counters) do
workers = Enum.map(1l..num counters, fn(n) ->
worker(Counter, [], id: "counter#{n}")
end)
supervise(workers, strategy: :one for one)
end
end
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CounterSupervisor.init () fZEREEAH M Counterft ML, WitworkersH R,
TR, B0 TELEworkerffd & — P ME—id, "TLIHL. .num counterstyididfifi.

RN

AccumulatorZEd T FIANRES : totals R4 RNLE S0 78 ; processed pages E{#/FD
2R3 ) B T BT RS R B | S

Actors/word_count/lib/accumulator.ex
Line 1 defmodule Accumulator do
use GenServer.Behaviour

def start link do .
:gen_server.start_link({:global, :wc accumulator}, _ MODULE |,
{HashDict.new, HashSet.new}, [])
end

T

- def deliver counts(ref, counts) do
10 :gen_server.cast({:global, :wc accumulator}, {:deliver counts, ref, counts})
end

def handle_cast({:deliver_counts, ref, counts}, {totals, processed pages}) do
if Set.member?(processed pages, ref) do
15 {:noreply, {totals, processed pages}}
else
new_totals = Dict.merge(totals, counts, fn( k, vl, v2) -> vl + v2 end)
new_processed pages = Set.put(processed pages, ref)
Parser.processed(ref)
20 {:noreply, {new totals, new processed pages}}
end
end
- end

XEALISLL{:global, wc_accumulator} X Z%HH :gen server.start link() (455
1), REMSEE T 2RAR. W LLEEM 2R APk 1 gen_server. cast () &%l &
(551017 )o

Y AccumulatorieETHEE, B, B EKAEE— T ERC et (RMERIMNSEFF
Accumulator ] GEWCEI G UK [A]— J1 i Al S, TR M A A B ), A0SR vl R A
fh¥t, WfFEADict. merge () EHZ UL AT AL A I Bl totals ., JidifHISet. put ()T
HH 5| &I Flprocessed pages, #i)mifiHParseriZ il i L 25 9 Ab Ff

RS RiE

a2 = Fhactor P i B 7400, ROV ZEL TN, B, N IMEIER AP,

Actors/word_count/lib/parser.ex

defmodule Parser do
use GenServer.Behaviour
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def start_link(filename) do
:gen_server.start link({:global, :wc parser}, _ MODULE , filename, [])
end

def request page(pid) do
:gen_server.cast({:global, :wc parser}, {:request page, pid})
end

def processed(ref) do
:gen_server.cast({:global, :wc_parser}, {:processed, ref})
end
end

LAccumulator#fi[A], ParsertB fEMIGRILAS M T — 2B AR, R T PR EE—
—Flij& request _page(), Counterii] X pREOCKIEK — 1T ; % —F/Eprocessed(),
Accumulato rifE X 4~ e B0k 18 Hf# AT 885 0L i 2 2 g Ab B T

TR, X R RO T AL B R

Actors/word_count/lib/parser.ex

def init(filename) do
xml_parser = Pages.start_link(filename)
{:o0k, {ListDict.new, xml parser}}

end

def handle cast({:request page, pid}, {pending, xml_parser}) do
new_pending = deliver page(pid, pending, Pages.next(xml_parser))
{:noreply, {new pending, xml parser}}

end

def handle cast({:processed, ref}, {pending, xml parser}) do
new_pending = Dict.delete(pending, ref)
{:noreply, {new pending, xml_parser}}

end

Parser4Ed TR 55—~ &pending, XJ2— ListDict, Hot X2 4 % ECounter
A P R TR A5 | S = &xml_parser, iX/&—-actor, HAffi f]Erlangf¥)xmerl /"3
fi# BT Wikipedia dump ( FEMCATERLSCHL, 45 A WA HECEICHS ),

X} :processedifd B H 4 H 75 E MpendingH bk E #AL PR BT . X : request pageil
BHYALPRTS EMXMLET % HARECE — > a] B UE, ¥ U £ 4 deliver_page() :

Actors/word countlllblparser -
defp deliver page(pid, pendlng, page) when n117(page) do
if Enum.empty?(pending) do
pending # {447k

(D http://www.erlang.org/doc/apps/xmerl/



else
{ref, prev_page} = List.last(pending)
Counter.deliver page(pid, ref, prev _page)
Dict.put(Dict.delete(pending, ref), ref, prev_page)
end
end

defp deliver page(pid, pending, page) do
ref = make_ref()
Counter.deliver_page(pid, ref, page)
Dict.put(pending, ref, page)

end

X H fiydeliver page(){#i 3 T — RN HElxirfEE——I 184 ( guard clause ), 7F
Afrp S —deliver page()MwhenF4], [iEA)E— R /RFERk N —rREUAE R IE N
HARL

Ypage N 7T, Bl Himake ref () BIE— 1 ME—M5IH, ¥ 01 15 2578 2K 0L Y
counter, f/F¥F DLATA N pending .

Mpage WA}, EMKRE XML 2 5e il 1T X A Wi it , AR ALHA U, it
it At pending P i £ LR £ 4 Counter, J1Mpending el i il i 46 - Hr s ok
PIF o pending P B T E .

page N % 41 L FEJE N T Hiftpending iy T A E S HAL . FiXpending H ) T
T B R 26 5% —~Counterf 4l abng
MRET

XFERAFAL R T T 2555 . ISR —>Counter it . 4k ol & RE (F ik e, BT ZEGH
REBRE) DT I A 45 75—~ Counter. HH T4 AN SRR A ME— )5 |, ARHEAT LA2r HropLe 5T 2 22
WALE T, e E R L

BER S — M ERRAR— FE ., fE—&iH8HL EiEsh—4 Parserfil—/~Accumulator, Jf
TEHALR—EBILE AL LSS 8L Counter, I3k ENETTCounterfHHENLAIRILL, B
FZ T HErlang UL, HAIE ¥ B Counte ri4kEnz i T S AR LI E F TAE R LAY BT .

BIE—MABUIF R A R L s e B o RAESEANECRS R, BT AR B
BB FEAB, (B DRI RF Tk,

B=RRE
RAVSEH T = RKA2¥3], [FIHLLSH T MactorBiAI 23] ,

F=XENZFBTHA
fd FHELixir o] ABIER 295 s A9 5ERE . — N9 & actora] LA ] 5 —A4N1 51 actor B 4T 4.,
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e AT S (factor & 2% TH B A HA K 5. {# FELxirn] LAGIE— P fEL GIFAENL L RS,
MR H P — SRV, RGN IREZETT.
ET=XKB
Ak
O WA Joe ArmstrongfELambda Jam [ f¥)j#i}f: Systems That Run Forever Self-Heal and Scale.,
Q ftAR—1TOTPRHITEF? A2 B “HIF" EimaiE?
Q F HATA L, F A 1E I factor R SR B3R il % 2K o Elixir 2 4nfe] SE I ARZS 1 7
Q X FAY o BA SRS TR, WR— A SR T B, R
AJAREEETT T & (HRR— Mg assi—A 2R A AT, By, FHRAE
—actorB AL —HE ML B I ER AT LAk EEHETT .

55 &3
Smalltalk 35T . 1A X5 402 2 5C Alan Kay§ 22 53R AR T [6) X 52 A9 A i

BAAHT, RAEMAE “@ETfHpie” HERT ST ZIAMA, RABBIX A
AribiF S ABEAME, NEFIHECHET “MHL” INKENFTE,
AEZTBHHFEA “HE e BX A —A#Ema, £+ “M", 5L A44mE
Y 3% L RAFAZ “interstitial”, ClFE—AMAEE KA TAE KM A5 e) A4 A T HEADRE2 9
BLAZ AT SR, T RAE T R ARG B A AT A B Z e T A
X B A A AE T F actor B Y47 4 A2 RS BE——FRATT 7T LA A actortB AY 2 1y ) Xof S AR 7Y
TEH R PR TUEAY . actorfi AURE it 1 1 BAE M AERE AOMLH], SR T i X S AR BE
AT LA iactortbi YR # “TIMIXF 47, '

%=
actorf VF ZHE RLINHEVE, 38 M F AR & AL

HBMRE R
BIRZ Mactor ] UFEAT, HENHFAILTRE, Wi EAE A actor ST A AR AT
19, BTLARTIFR, RTZRETE A actorZ (B H9TH B EI AT .

(D http://c2.com/cgi/wiki? AlanKayOnMessaging
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ST % N G viaX KA, B actor ) AR A, i H 240378 55 T % ~actor
BT B AR B0 AT, BERT ARG E X actordEH AT FE . AR Z B T — 151 &AM LM bug,
o, 260 B SN I E actor Z 8] AT B Lo

=i

i Hactorfd Y (72 7 KA BA B85ME . XA S iER ek, miE g “FH "
B ) Sib SRS T .

P AKi TR Y

actorfsi B SZ KL E N AR Y, L RF A AR, i ok TIR AR A

B 5E, actorBi Y JLF Al LA AT ML A ) 8, FRATTAN T B0k (8= IR T — 1 R G o,

HWK, actortbi Y AT LA AR O R A AT X R, X TFAS [R5 40 T B 35 B A AN R AT B
Actorfi B SR AR AE R EEE

fwla, R B AR A

R

JE Al Factorfi ) A FE Y LA FHAZR R 5 B A O PR P B0 25 S debug, (Hactorfsi 1415 23 hlf | 7E
B — RS, 2l B —oactorfS AU A A A1 RE ( BlanfE4a % ),

RPITLAE GBI, actort BN AT IA SR B CRF . 2@ I & M Ak My 1 5F
s, BHMETIAANTEN.. MH, hT2 actodf AILZRE, (UEEH B L8R4 T
AL, A KIS & SEREAPRL R B9 17

HtiE=S

SFZHRIEE—FE, actorfi A i R AK A ——201H 22 7045/ Carl Hewitt 5 UK H XM
R, Erlang JCEE N A il actorfi 1 Fe KA TIEK . HLUNErlangf 145 AJoe Armstrongth & “fFH: A"
PrEE SR

KR AT G By 5 AR AL T —PactorfE, FEHIEAkkaE " A JavafI HAZ T FIVMAYiE
F AL T XFactorBi R ST HF . ANSRARTR A ) Akka, EHBIIEA A RETY, HbHSR T 4
o] FiScalaifFf ractordi s .

(D http://akka.io
@ http://media.pragprog.com/titles/pb7con/Bonus_Chapter.pdf
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actorfi U S 0 FH B 12 RO SRARAE I  ——— AR TIF & SEHE, i SCRear sl . SR I
A SOk R A/ A SUF R BT, IR R g e [l R 4 (e 4
T —EIRA T #5005 ### ( Communicating Sequential Processes, CSP ). HSACSPHLRY

F I Tactorti &Y, (HXHITET: actorti B A S 7E TS 5QMMIZAAK, TiCSPHA i & 5
ETHT A AEE . Pl FHCSPAS AL 2 55 — T AR5




F6E

C R ESidE

AR — RN Gk, RATRERSREEWAT, MM T EETMANER. KK
TEMREA R E IR e R S ARWRBILAS , ik BERSE R 510 E K S R — 8w
T, HEE TR EREA T IS S WA TR . RREXREMTr . B2 REE H i, HERR
SE PR T B P26 T AN A B

THEML# RS ( message-passing system ) 522, Y HAFHERMINRER B B R ZIFARH
T BRI s E T BN, 1R B EsEE .,

ATERATHr % B AR R L SactorBRBUMILL, H iy THANE SIANR] , B LAA HERAH2EH].

6.1 AYIERRE

w bE—& ik, ffi Hactorfi B AYFEFF RS 1Y . HFEBATRIIER (FR Mactor, ElixirfPFi
PR ) Y, XSS [l Ak B TIENS . B D actorfil A — MEHE, I TIRGEE A
WSEIE S AR B BT B

SactortE BU2A), i {F/F#EFE ( Communicating Sequential Processe, CSP ) #51%Y 2 it
SR IR BT SRR AR, SR ] Rl i &k T B A TIE 5 o (R PR ) B2 I
CSPREARUA I AL TH B SEIAR, MR e &% 1M B A i channel (83iH ). channel2%f—%
R, EAAMGHRRIBFE S BRA R, 2T USRI NS, JHER 2 g%,

5 R B g flactor B R, CSPHIAYHL R IEEE MM & . i TFiEkGoii s "iy %
CSPRLAY ik, FRATFE T core. asyncE RN ACSPELAY, X4 K Gofty I L BERI5| A
T Clojure.,

K, WA TEF I core. asyncFEAYBI KFEA : channelfligodk . 45— K, [ FHIXSEHIK
H— MR BT, =K, FIUAFEClojureScriptt {#i F core . async R i fb & P s .

(D http:/golang.org
@) http://clojure.com/blog/2013/06/28/clojure-core-async-channels.html



136 % 6% @BIEMMAiEAE

6.2 ZE—X: channel 1 go &

core.asynciR it TP EEA T H

channel fllgolt . 76 K/NA RGP, godk i

A EAT 5 B R RIR . BAE A 2 Yok F & channel .

A Clojureid & ¥, core.asyncE& Mm%k, BB FRAFMHEK (ARELGET
e R AWM E), B AEIANE, REZHAB KRB F Acore.async, B F
core.async & Ly — &4 2 5 Clojurets s B4 F L & B, HmiR A FANEEIEE
HER . ARBEARN, RT Ak A AP REXKA P tichannel R B , €2 X # FAcore.async
Jty .
CSP/channels/src/channels/core.clj

(ns channels.core
(:require [clojure.core.async :as async :refer :all
:exclude [map into reduce merge partition partition-by take]]))

{

; it 35 crefer :all, X % 4kcore.async&E&) STl HiEE A, 2 EH —39 (H
| HASHSEIHL RO BK) LMBLRE Aasync/ITEA AR
|
f
!
i

Y13 #|channel i B T, #H4Eizf7lein repl, st VAiE4T—AREPL, X+ & 2m&K T
core.async /& & 4T 3,

Channel

—“channel#f & — 22 4 2 W BA G ——TL{E 55 R ZH54 channel 195 |, 5L 7T LA 6] — 36 4%
TR, Wl LA S —dm BRI S . fEactorfSi e, I8 RIS E 1— 1 actor K E48 E B 55—
actorfly); H5Z A, ffi fchannel & 1% 11 B & 6 & A HEEHE R0, RZIRR .

i3t chaneR AT LA 85T 1) channel :

channels.core=> (def c¢ (chan))
#'channels.core/c

fli > 1 VAT Lh ] channel 15 AG B, fli <! AT 2L M channel i H 4 & -

channels.core=> (thread (println "Read:" (<!! c) "from c"))

#<ManyToManyChannel clojure.core.async.impl.channels.ManyToManyChannel@78fcc563>
channels.core=> (>!! ¢ "Hello thread")

Read: Hello thread from c

nil
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XEEACHS# T core.asynciffitfthreadfifiBh 7%, X A% S HApP B CHSE T 7E— > F gl
AR FE | X R 25 Y Mchannel i H B9TH B o AT i e E 2B ZE, B F > ! 5] channel
FEAHR, RERNMNASEDHE L.

EHX

MBI, channel /2 Bl ¥ ¢ ( BFR AL &89 ) —— MES [Alchannel 5 AN B M EE—
HPHZE, EF|5H—MES% Mchannel FiEH TH S

channels.core=> (thread (>!! c¢ "Hello") (println "Write completed"))
#<ManyToManyChannel clojure.core.async.impl.channels.ManyToManyChannel@78fcc563>
channels.core=> (<!! c)

Write completed

"Hello"

GnsR (el chan R BfE AZRAFIX B R/, BEAT LABIE— N 2247 ) channel :

channels.core=> (def bc (chan 5))
#'channels.core/bc
channels.core=> (>!! bc 0)

nil

channels.core=> (>!! bc 1)
nil

channels.core=> (close! bc)
nil

channels.core=> (<!! bc)

0

channels.core=> (<!! bc)

1

channels.core=> (<!! bc)
nil

XEACURS A T — 1 channel, HEFX A LAENHHE . Ychannel (&7 XA 2 555 1] u
i, A AEBRIRES 2R, A%,

X H#lchannel

I ACHSA 7R T channel ) 575 — NP ——n] LA i3 close ! & Mchannel . M EL48 H] ()
75 channel FEEHIE B, K15EInil; B LKA K channel 5 AN S, 1% S 2R Hb g5 551
WRETEE, [Elchannel P 5 Ani Uk & A R :

channels.core=> (>!! (chan) nil)
IllegalArgumentException Can't put nil on channel «...»

T ROz FFATE F i AR, ARt Mchannel iz 15 B, Bl channel X H] . o
Hofs LABAIE 0GR IS B BT A N2

CSP/channels/src/channels/core.clj
(defn readall!! [ch]
(Loop [coll []]
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(if-let [x (<!! ch)]
(recur (conj coll x))
coll)))

fE L a9 S, collMPIIRERZEBE (1. BREIFEM chb i —ME, WREH

EARNLL, SR A collh s QnREEH YA N1l ( channel 22 H5CH] ), PRECKHIR [Elcoll.

T Ewriteall! | pR%L, HA%EZ— 4 channelfl— 44, ¥EA A (85 Achannel, Ff

TE5 AN5E A X channel ;

CSP/channels/src/channels/core.clj

(defn writeall!! [ch coll]
(doseq [x coll]
(>!'! ch x))
(close! ch))

KA — T X LA R &L

channels.core=> (def ch (chan 10))
#'channels.core/ch

channels.core=> (writeall!! ch (range 0 10))
nil

channels.core=> (readall!! ch)
[01234567829]

PRI ERE] T core. async 2RI BAT RN RER R B ek B, IXAFRATHEAH B ORI X 28

PRALT

channels.core=> (def ch (chan 10))

#'channels.core/ch

channels.core=> (onto-chan ch (range 0 10))

#<ManyToManyChannel clojure.core.async.impl.channels.ManyToManyChannel@6bl6d3cf>
channels.core=> (<!! (async/into [] ch))

[06123456789]

onto-chan R BUH T E A T WA NES Achannel, 765 A 5 B A ¢ 4] channel .

async/intopR ¥z — 1 wthES ( LFIbR RS ES ) Fl—1 -channel, iR [f]—*~channel. i&
[F] ¥ channel P IRIC R &2 — M ER, XNES MPIHRES IS A Bchannel P2 BTG TE S
F AR -

m

AT A (T S By eR B — 2P B A7 X ¥ channel

Z 17X E R

BOATEBLT , 15— 847 X E W (¥ channel o B ATH B 2 BHLJE . (RFRATTtho T A28 HoAth 3
i3 ] chan pR B S AZRAFIX R SE IR -

channels.core=> (def dc (chan (dropping-buffer 5)))

#'channels.core/dc

channels.core=> (onto-chan dc (range 0 10))

#<ManyToManyChannel clojure.core.async.impl.channels.ManyToManyChannel@l47cOdef>
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channels.core=> (<!! (async/into [] dc))
[06123 4]

% BACHSAE T — 1 channel, HAfi Hl— MR F X AR 50 dropping-buffer. FRATHET

0~95 Achannel, % channel (Y7 X ARERNX ALET, HFEAPHZE, WHEEEH channel
R BT, St LB RA S — R s T .

Clojureif 241t T sliding-buffer:

channels.core=> (def sc (chan (sliding-buffer 5)))

#'channels.core/sc

channels.core=> (onto-chan sc (range @ 10))

#<ManyToManyChannel clojure.core.async.impl.channels.ManyToManyChannel@3071908b>
channels.core=> (<!! (async/into [] sc))

[567829]

H5ZRi—FE, BB T —A A& M5 channel, {HXKMEFHZsliding-buffer,
WSR3 H channel BTG BORLT:, 2 &I ERES ARSI F—hiRit, m— 1 2%F
X B channel P 5 A ¥4, sliding-buffert$&FHZ RIS AREIE ., MERINTESE LM
Hifff5ichannel, FIEYEHKEH core.asynchyr—A FERFME——godh.

£MNE%¥3 T core.async ERUEGLFALHFE LY —mmER (blocking), # !
A &R (dropping) FeffhB@EA! (sliding), RAEELH, wRELHRRETENES,
AR RS IEN), Kt 4 core.async B XA RBAFMHEHR LA

AP HRERAMNE LT HGO G, PRIRA—ADRLA LE “RIAEB” TR, B4
—RENTRERBMAR, THRRARYHILFE, SMOELFERM xR KR FEA;
LT HRE A HE—A bug, HEXRARRH AL, KhFHIER,

Jo RARAA SH AR R, ARARG XK EIZLA T A —DHORHME,
REAAEAS BT bug, FIF L, ibsA269MEME k., Rit Erlang AR L @A T AR S0
FiEkZ— " RO RBRALLELS S Wl TREZEEMEAGHA, FEMAN KAEHF

a. http:/prog21.dadgum.com/43 html

gok
AR SALET T HRAT—SE T8, X E 2 BUAE AR P bt G BT e QIR AR AR | i ol PR At
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(W24 “BIELBZ WM &) fEH . 2B B, RATELIRTHE] T Wit i thread
F: P ERLfd ] T CachedThreadPool .,

SRR I A BIEE ] . JUHUR R PP ZERT, (PR It T B 23 URRMT .
PR ZE75 SR AYE] 7R

AFEMEAR LA BICPUS B RUE 55 YA 8 —— (L 55 AT 22 5 AR, (RS54 RE R4
FRRIB AR M, (e AT AT I . (E3F Al (S i AR R R AR Gl W7 A REc e
WEBHLZE, IR AR RIS T, XRS5 1 Rt BRI H

X R AIEURA —LEff R IT R, (HEA T8 W 23RS XS I ABR S, {22 728 1 3 44 38 3 i) T
o FOFIRBR— PRI, T U LS P 2RI 55 A5 B A R P B R — S NP AE

MR IETT AR RER IR AR, (HENTBIR T bR A AR, AR 2S5 L i
PR, SORERRAYIE, XTI b 2R 2 RRAS, RSB 8 5 SO — S i, L)
2 E M FFAE B ER . RATE 2% X e RERF A RFAZIRM.

go R AL 1 —Fofr P 2 HLSE 1 i DR 7 R—— R AT LA Hh S0 0K sl A AR A ke A ke R i 38) 44 BEL
FEMAE, SCATRAAHRAEACHS A4 b P AT et . TR PR go A IR 2K H3 17 A A Ut 78 W ot o 5 1
THAWEHIEX.

1= 5%

S HALisp75 72K ML, Clojurefi — &M KMZE RS, RIS HAMIEFHERSE (i
C/CHH I TIALPRES 7 ), B2 TEFF Lispl 2 REL TR, & o] LI TP ar 4RS84k . go
TR — A NE T

gok P RIS LA — RSP 2 M channel 1332 1 11 B 55 7] channel Hh 5 A BB, 4R
SYRFEE, JFRICE AT SRR BRI, AT AR EE TR, REVHFT —ORES
e, JFATRETES — AR AR EETT .

L XRE M S . core.asyncig 1T ] LLFEAS BRAGL AR R BUBIE T T4 L goth . Tk
kB 1017, MEHEEIIRAGZ A8

RENE =R
TR go R B — 1

channels.core=> (def ch (chan))
#'channels.core/ch
channels.core=> (go

# => (let [x (<! ch)

# => y (<! ch)]

# => (println “Sum:" (+ x y))))

#<ManyToManyChannel clojure.core.async.impl.channels.ManyToManyChannel@13ac7b98>
channels.core=> (>!! ch 3)
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nil

channels.core=> (>!! ch 4)
nil

Sum: 7

X B E eI T —channel ch. SRIGEIE 17— godk, HIRMchrii MM, I
HPAMER R, BIRE b Egobt Mchannel F BECEHIE I 7 PR %, SEPR LAAE T A BREY S .

X B U IF A Hl<! !t Mchannel P EERCERE , MR T <! B IUSEMRAT A K% channel
AT AFRAE, AR TRIERAE . [RIE, > V2> VR ERRA

niEe-17s, gotkfls ERAT A CHS AR AT 3 IV IRAS PR ZSHIL

).

Fle-1 AT xT R
ZREHEFE UL F3RES
(1) VIR A S HIEE S, Ffrch P A SR T LIBHEE 2 K0, REVHEARE2,
2) REVLE b M ch P B AESR E Blx b, SR IG B 15, S5 chp F— 0] AR B B

R AR, REHLHEARTSS.
(3) RASHUKE M chrb i ESRE By b, fghiah®R, T4k,

o R godk TR T —AEESLK, Hdo<! !, A2 SHBFHRAZLHEE, ZARD
HERMUALLE Y% (R, wRAETAB FHEAE, 2AHRATEAHRAERBA
), PRAFBCERTRA godktI AT, e REAATEER[K, RAL2AHEL, Lit
RIRBRAER A T EH 6985,

FIEAR, PRETREAGHIHBGFTEAT HHF L, RafaEs.

|
l
1
channels, core=> (<! ch) ]
| AssertionError Assert failed: <! used not in (go ...) bleck 1
nil clojure.core.async/<! (async.clj:83)

O ZJ5H “EATH AR R R “EERET TR R R WIFR Y BHLAER
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goRAI AR AR

go I X FEBAE T HAR . SHHARAR, [ HgokMMARME, HitnTLeIERZ g0
Pemi A HEORER YR . XF BRIV, (H5EPR b, AFHE.C TR RERE R A&
E55 A B Eam e E

s PP BB T goif Al Y /2 — P channel  thread /i [Flchannel ). goHtiafT5e U £:K544
HLE 33X 4 channel 7 ;

channels.core=> (<!! (go (+ 3 4)))
7

XA LA PR R K i gok, IEER AT LUF th gobR ity A AR Y -

CSP/channels/src/channels/core.clj
(defn go-add [x y]

(<!! (nth (iterate #(go (inc (<! %))) (go x)) y)))
XA PRETRER R EEARRAIINFRE” T EOE Ty oL MKk, Hhs
— gl ERR HZE0n .

Kot — T HITAEL R E

(1) EAREH#(go (inc (<! %)) )BIE# T —gobk, X gobtisZ—channel, MHEEH
—AME, FFR[El—/ channel ( HA A& T8 5 19E );

(2) Lk EE 4 R bl fe fiterate, iterateff HAYWILARIESE (go x) (X /~channelf H AL & x ),
FZ—TF, iterateZ BB FRXAIWIERL : (x (f x) (f (f x)) (f (f (f
X))) ...);

(3) [ HInthi it iR oy IeE, X E— 1 channel, H A {ER K 8 y K (45 58

(4) ffi <! ' \_F iR channel i Hi 55 58

Heid — T ix B .

channels.core=> (time (go-add 10 10))
"Elapsed time: 1.935 msecs"

20

channels.core=> (time (go-add 10 1000))
"Elapsed time: 5.311 msecs"

1010

channels.core=> (time (go-add 10 100000))
"Elapsed time: 734.91 msecs"

100010

ATLUEF], BIEIFIZ1T100 0007 godh T5 BAE73/4FD . X BR A gobk (191 E He R Elixirfl 2
A O—X N WRGEAERE T, FONElxinZ2 177 LT & HERE it 32 B A Erlang L, 1
Clojure A&z fTTEIVMH
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BATE L2242 T channel Fllgo X BiFPH AR, BUTZERT LUK I B S S, st E 2 420
channel#:4F .

fEchannel Ei#{T#1E

WASRAR R channel S8 A Se 411G, ARRITFEAEE . SEAIZEML, channelfCF T — R4
FFHOME s FRATTAT LUK — 26 2 4% pR B0 N 7E channel U2 3B TG E F—— L iimapekd . filtersi%k
&y WATE AT LB X S R BRI R, MR AR

fEchannel b i#{TRRSF

T i & channel iz [ map PR Y :

CSP/channels/src/channels/core.clj
(defn map-chan [f from]
(let [to (chan)]
(go-loop []
(when-let [x (<! from)]
(>! to (f x))
(recur))
(close! to))
to))

XA PR R 52— PR B Fl— 1~ Fichannel from, B %6, XECHAIE T—/ H#rchannel to,
oSN PRETIR FIE ., SR)E, f#ifHgo-loopfllE—{~gotk, go-loopft—MHileR%k, 25T
(go (loop ...)). THEMAF(EHwhen-let Afrom i h EIF4EESIx b WExA Rnull, N
when-let P RIS SHEIAT, (F x) B85 Atoh, I HIEHRS4kLLFT, W¥Ex null, tos

W — T X PR AL

channels.core=> (def ch (chan 10))

#'channels.core/ch

channels.core=> (def mapped (map-chan (partial * 2) ch))

#'channels.core/mapped

channels.core=> (onto-chan ch (range 0 10))
#<ManyToManyChannel clojure.core.async.impl.channels.ManyToManyChannel@9f3d43e>

channels.core=> (<!! (async/into [] mapped))

(0246810 12 14 16 18]

IR, core.asynci it T4 Fmap-chanf¥ ki%imap<. T 4L T filter¥channel
Mifilter<, mapcatf¥channelffimapcat<, %5%¢, FRA T AT LA A0 F X SE pl g0, EREE A —
channel f) 4L % .

channels.core=> (def ch (to-chan (range 0 10)))

#'channels.core/ch

channels.core=> (<!! (async/into [] (map< (partial * 2) (filter< even? ch))))
[0 4 8 12 16]
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b B RS {d T core.async 2 LAY B — AN B s # to-chan, H A& iR 5 — 4
channel, iX“{~channel 41 & T # AR T A LR, fE8EH P AT E R X > channel £ 5%

AR — AR RS, AR —REE TSR
FH &R AR

FRATIAE A LI — I R RA IR RTF Y. get-primespR#£ iR [A]—~channel, HAAAE T
UimitAN (Flimit) BIFTA ZE (I/NEIRHES ):

CSP/Sieve/src/sieve/core.clj

(defn factor? [x y]
(zero? (mod y x)))

(defn get-primes [limit]
(let [primes (chan)
numbers (to-chan (range 2 limit))]
(go-loop [ch numbers]
(when-let [prime (<! ch)]
(>! primes prime)
(recur (remove< (partial factor? prime) ch)))
(close! primes))
primes))

RS54 R B X B AU 9 TAEJRFE ( 8RS A C B — T Bi—ra L ERARZ AT
HELNAE T ). BANDBERAKEIE— T HIEME. Fimainkd &8 Hoet -primes, 4
H =R (9] ) channel FP Y BT A {EL :

(defn -main [limit]
(let [primes (get-primes (edn/read-string limit))]
(Loop [1]
(when-let [prime (<!! primes)]
(println prime)
(recur)))))

BIT—TF, SRFLIT4%:
$ lein run 100000
2

3

5

7

11

99971

99989
99991

@ BHATHAFIE (Eratosthenes ) fitk, WFRRICH, & —FiE RIMMS Wik, — iRk
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PUAERAFoet-primes ) TAEFEHE, ¥ 5E, €)E— channel primes, primes¥{E R pRi%k
R EME, K5, HEATEFR, chiWItR{E Enumbers, to-chanfiidel M23 Limit 2 (6] 35S
Anumbers,

B, MEFRMhiZEEE—IeEK, XTICESEREN (ZEEmMBRIEN ), LS
Aprimes, 5, #HEAT—RIER, SE—RIEAAREMIEchIEZE R (remove< (partial
factor? prime) ch)f%55E,

remove<tREKML T filter<, XHIFEF EiR[E—  channel, Hr KA &K HfalseffE,
ARG, XHEBR T LU E—# AR ECIA TR A %L

i EATIR, get-primesfi® | —/~channelfIfii/KZk ., 55— channelfd & M2F| Limit 14
BE, S5 " channelHERR T LA2 A F R AT A 88, 55— channelfER: 1 L3 K K111 Fir Ay 4,
DA EHE (A 6-257 7 ).

[2]3]4]5]6][7[8]910[11]12]13][14]15]16]17]18]19]20]21 [22[23]24]25|

(removex< (factor? 2 ...) ...)

2 31 s o [7 15 [sTro[wi] 2 [ia] < el e 7] = el o2 el )

(removex< (factor? 3 ...) ...)

13 I 5 A O Y 3 2 ) R G P Y

(remove< (factor? 5 ...) ...)

FI6-2 IR MARIRICH

FHERFAEIRS, FRXAFH AR SE I TR I R e—— 0 T R Ih e
A T channel, A X AREFHbIE 7R T WHAREF channel 2H A 1E — i 5230 5 RlvRR A8 (3 (5 Akt

(&)
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%_ilﬁ‘%

B — R B EE o 85— M2 ) Wi A2/~ channel 32 HH 85di% , LA K ifa] fH channel
o My i TO% 4 R AU TR .

F—REMNFBITHA
core.asynch P KA Echannel Fllgok :

Q BIAENL T, channel 2[R ( LA )
FHZE, EF|5—MMES Mchannel P g THE ;

Q channeltl AT LUEAT ZEAFHY o FEGRATIX LI AT LA AR YR A7 SRems——PBHZEAY (blocking ),
FEHBERY (dropping ) FIFSH IH{ERY ( sliding );

O R, go g BTN ES W — 1 REWL. goALHEFTRHZE, m2REERE
ML, XFE M HTRTAL FZR RO LAA 55— o BT H 5

Q channel45:4F (1 BH ZE Rt A< (1) pR BI04 F2 AR ANERIUS: (11) 5, TR 15 R AR Y R 504 2 LA
— MBS (1) G5,

£—XRB3

R

Q FiEcore.asynch E 77 3CHY .

Q WL Timothy Baldridge ) #AFI#F2 “Core Async Go Macro Internals”, 5% /% j%Huey Petersen

B8 3L “The State Machines of core.async” . iX i SCRRABHTA T goZ: & Unfay s B4 i iz
L2710

Q A9 map- chanfI@IF& [E T —NEBH) ( TEFER ) channel, 415 HALFH— M EAF
Hichannel & & 47 WE—FPEB L7 fHATEO T iE A 947 channel ?

0 core.async AMUARME map<, 4R ML Tmap>. XMEHEAF AKX H7 28 [ C L —1
map>, map<Aflimap>433lidE H T4

Q SN 3E Tohannel i -4 Tmap R &L ( ZE{ULTF Clojure () pmap ki %Y, 5 JSALLF 76 A1 1
T2 A FHElixirSZ B A Tmap FREL ).

[ —~channel 5 AU FRAHE— EL Bk

6.3 #=X: %/ channel 510

S RAFgEA i core.asyncl, iERAIOMAEARSRIIE S, EMLZ AT, TELT
fift— > Z T A B B B ——anfe [ 4L 2 22> channel .
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438 % N channel

FHATRHIE, RATEFEAEE LI — channel, {HIATHEMAIFAIR T 1. {fifalt!
Z=0] LIAL PR Z2 /)~ channel :

channels.core=> (def chl (chan))
#'channels.core/chl
channels.core=> (def ch2 (chan))
#'channels.core/ch2
channels.core=> (go-loop []

# => (alt!
# => chl ([x] (println "Read" x "from channel 1"))
# => ch2 ([x] (println “Twice" x "is" (* x 2))))

# => (recur))

#<ManyToManyChannel clojure.core.async.impl.channels.ManyToManyChannel@d8fd215>

channels.core=> (>!! chl "foo")

Read foo from channel 1

nil

channels.core=> (>!! ch2 21)

Twice 21 is 42

nil

XBACHS Y, B efE T W S channel: ch1ffich2, SRIEEIE T — 4 godk, HARWER I
ffi FfHalt ! A P>channel 2B . Q2R BE M ch 1P e BOSAE , AR 20K BE ek it s WS aEM

ch2 PR B , IS 20 e B/ FE o

MBS AR A St RE B a Lt 221 AR IR —— B2 X 9 388, XS — 28
J2—channel, 55 " NSHUE—BAUS, Mchannel i3 R G KA T BERES . ZEAR B
REBAUHA LRGN EA PRI, Mchannel P I EBIRZ X, IF@itprintingiith, HE
S _E AN B 44 PRE—— B A (0 F b 44 e

X ALEClojurelf 2% RGUMEIN Y 75— HETE , MR FTE 2 s, alt! 2 (M scRh Ik A5 S fe
TR

HAR A R ZEF3 T alt! ek £——E BT A % 4 channel 3 & #3%, alt! 5 47T ¥4
R F @ % A channel 5 A$48, A KRG RA, AHATEYRIAM %, oRitd K
AT alt!, TUEEETH T,

?

|

Bt
timeout PR¥IUR [Al—>channel, iX~channelfE45 & HRTIE] ( LAZERD J 807 ) 35296 .
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channels.core=> (time (<!! (timeout 10000)))
"Elapsed time: 10001.662 msecs"
nil
timeoutHalt!—&fdifH, Ll KHchannel#:/Fi% BT E], Hodn.
channels.core=> (def ch (chan))
#'channels.core/ch
channels.core=> (let [t (timeout 10000)]
# => (go (alt!
# => ch ([x] (println "Read" x "from channel"))
# => t (println "Timed out"))))
#<ManyToManyChannel clojure.core.async.impl.channels.ManyToManyChannel@28134be9>

channels.core=>
Timed out

VEE I A 208, ARk diSEe BT (H— % Sk 0 A ),
e f 2 B et 2 AR A .

B R A8

KA 72 40 2 DA oK X 520k 1% B8 B B (] 9, e 4 Java i URLConnection 28 #2 ik i
setReadTimeout () J7 ¥k, USR5 28 AE— & B 8] N BEA W A, read () 24 i 54 TOException.,

X HE T3 NG R I BT A ], SRR LA AT R R I B — S B eyt b
WA REff R n) 8, TR SAERBRIEI AT LA, AR EAE— A SR, JFERTILANE
SR AR X AN R XS R BT

X — a5, RO FER G E M BB MBS — T, HAEZEUEE, w2z —
ANEFR] . FEER AR R B (] Py R AT R b = Ak R

felEiget-primes, {HHANKI= 4 KA.

CSP/SieveTimeout/src/sieve/coreclj
(defn get-primes []
(let [primes (chan)
> numbers (to-chan (iterate inc 2))]
(go-loop [ch numbers]
(when-let [prime (<! ch)]
(>! primes prime)
(recur (remove< (partial factor? prime) ch)))
(close! primes))
primes))

Z Hijchannel I FItR{E /2 H (range 2 Limit) P4 R, MHXKEF T H4H (iterate inc 2).
R AACES T T get-primes:

CSP/SieveTimeout/src/sieve/core.clj
(defn -main [seconds]
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(let [primes (get-primes)
» limit (timeout (* (edn/read-string seconds) 1000))]
(Loop []
(alt!! :priority true
limit nil
primes ([prime] (println prime) (recur))))))
B R Talt! !, WRETEL, Bifalt! BYPHEMA  XEBACIE P alt ! LA TR
FE, HEEET R, s R E AT E Limit iR [Enil, :priority trueik
TR Talt! V) CERRT LA TS ) RARACFIIFHATH (BOATEALT . RSB nT
PASRAT, ENTHETEI AN 1Y ), SRRkt 6 T i 7 AR 2 B0 B e R S B s
B ) CREA T AR L o X5 JoR 1 Anfel 1 AR M5 B s B (] ——A bR iR 1 s
mffE], XATEC R EmE A,

T R L FClojure i R RGERME — MBI TR, ©@EM T4 5l 17

Yvyy

.
FE4H

oG FRATTIFAD R — 1 RSSIRIIEAS . RSSIE LR T B 48 145 58 H95T 5] feed e A8 I J2 7545 357 19 3C
B AR IRATRE BT HLE A Clojure B 25 R TR — RN T B, Enl IR @8 T 7
A4

IR
PR IR, TEMBZATRIIM timeout %, T HEIX T REFEZMANS8: Rif)E
Wy CRARM R AL ) FN—A~pR%, XA PRECEERR — M R 2 H F— ik

CSP/Polling/src/polling/core.clj
(defn poll-fn [interval action]
(let [seconds (* interval 1000)]
(go (while true
(action)
(<! (timeout seconds))))))

XARECH AR, JF HAREIE# 2T

polling.core=> (poll-fn 10 #(println "Polling at:" (System/currentTimeMillis)))
#<ManyToManyChannel clojure.core.async.impl.channels.ManyToManyChannel@6e624159>
polling.core=>

Polling at: 1388827086165

Polling at: 1388827096166

Polling at: 1388827106168

A X BA —A M —— VR BlpoLL- fni2 fEgo thxt & AR sR B TR AT, PRtk
AR AR PRECH T LIV 5 R SRR, 2RELTRH
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polling.core=> (def ch (to-chan (iterate inc 0)))

#'polling.core/ch

polling.core=> (poll-fn 10 #(println "Read:" (<! ch)))

Exception in thread "async-dispatch-1" java.lang.AssertionError:

Assert failed: <! used not in (go ...) block

nil

(i) R ) Jirt R A 3 457 o ERC A 200 4% AE go B op iR ——HE X — 55 L Clojure i) 77 J8E 1 th o fiE
A1,

wik
Z R R EGHATEE M, 1155 —FhAR I I 1 i R

CSP/Polling/src/polling/core.clj
(defmacro poll [interval & body]
"(let [seconds# (* ~interval 1000)]
(go (while true
(do ~@body)
(<! (timeout seconds#))))))

AP A Clojuref 7, NILIR R AERT HARZ AT EINE . MG ST PH#pol LAY T
YRR, T AN LA A8 BhF A TER A L T AR S

Q HiFRFEAE EAEH R, MORAR 2 BT IE RS

Q Els () B—PMEEA, AT, EHFARITEFARE, iR ECS e a)
iR,

Q fEZH, AL~ A~ ERT RS I ZZ S8

O R A EHH#EE, nTLLIEClojure A sh 4 l—NME—2F ( LABR 2 (0 A 25 & 4% Fi
G5 2 AR ) A B4 A2 e ),

KL —AZpoll:

polling.core=> (poll 1€
# =>  (println "Polling at:" (System/currentTimeMillis))
# => (println (<! ch)))
#<ManyToManyChannel clojure.core.async.impl.channels.ManyToManyChannel@lbec079e>
polling.core=>
Polling at: 1388829368011
<]
Polling at: 1388829378018
1

T2 R AR R IT . PIAZ 4po LLIARES 2 N BERY (inlined ), 28 H A pol LAY
gotrp, HLRLIRBEACHS HhrT DAL 55 bR il 22 BB A AR RN, FRAT TR AR A—A 52
HIRRESL, MRAE A— U B, XA A D RS 4 R g, TS E e T R, B
b, FRATENE T—Fh ([T eRE ) Eflss,
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W ETFpo L LAl LIS 2 B 75 IE A«

polling.core=> (macroexpand-1
# => '(poll 10

# => (println "Polling at:" (System/currentTimeMillis))
# = (println (<! ch))))
(clojure.core/let [seconds 2691 auto  (clojure.core/* 10 1000)]
(clojure.core.async/go
(clojure.core/while true
(do
(println "Polling at:" (System/currentTimeMillis))
(println (<! ch)))
(clojure.core.async/<! (clojure.core.async/timeout seconds 2691 auto )))))

AT RE, A<F5%E F RS dmac roexpand - 1S 45 ST TS E G EEE AT LULE
F, L4hpol LIS sE “RE0E” BT ZRCHS S, If Hseconds## i T — 1 E—4& % (4
RAE LG pol WS, secondsiX M4 74 HAth i, AR ANt o B T ),

7R 2 FHpol 1%,

FH10

TEIOX A, S F A N—5E 50— MBI T — SR AR, FH100 LI—
TR Z S, Y H AP —AERBEE T R, SIEl SR X R—METR R,
R TR St BBk e, PR R A AR AT E S 2 MR [0, 1848 A8 il — AT, A ]
k22 core. asynciE U] Lk S A AR AR T i Y o

ARLER LT ARG B0, AR — D RSSFIBERY, I WEVTHT [ feed, 4K F 5T
SCE I EA TG A PR RN TIF & gotk, IFH4H Hlchannel i il — K £%

(1) JRZ W goH T MW H i feed, HOOFPHEAT—IKEE . &8 oAt iig 8 lXML, 4
J PRI SCRE S, B e K A A TR K

(2) F—JZgo4Edr T MEA feed IS BI 1 SCEERERE BN . B & B —REHT A SCEEI, 3t
N ST AR 4 K S

(3) F—Z Mo MR FE3ZHr W SCERERERE, Gt SCEE R RYTRIRL, PR AL ATk 2k .

(4) ¥4 2~ feed 1445 R A5 H- #—~channel 7,

(5) x5 )2 M go B s & 3 J5 Mchannel, 448 B HEES SR FE ARt , BRI ZE M

ALK s I 6-3 R o

O HEPJLEEAR, A DG, mAS R BT
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i feed RN

feifteed (—>| BT it

€l6-3  RSSI A4
Je kT A WP — A B S 10 FESE i El core . asyncH
MElE#E Blchannel
AR Fiinttp-Kit#E ", ST 2R I0BESML, 25— EAESE R, http-kit2x i FH [ R %K .

wordcount.core=> (require '[org.httpkit.client :as http])
nil
wordcount.core=> (defn handle-response [response]
# => (let [url (get-in response [:opts :url])
# => status (:status response)]
# = (println "Fetched:" url "with status:" status)))
#'wordcount.core/handle-response
wordcount.core=> (http/get "http://paulbutcher.com/" handle-response)
#<core$promise$reify 6310@3a9280d0: :pending>
wordcount. core=>
Fetched: http://paulbutcher.com/ with status: 200

PAEBATE S Xt ht tp/get b F T | Wrhttp-kitE M Flcore.asyncH ., X B FIBI— G4
B eREput!, EAUIEgo R . & nl Llnjchannel 5 ASUE ., S5ZHiAE, EHELKESA
MIFARKLEER (A TR WA ST E S )

CSP/WordCount/src/wordcount/http.clj
(defn http-get [url]
(let [ch (chan)]
(http/get url (fn [response]
(if (= 200 (:status response))
(put! ch response)
(do (report-error response) (close! ch)))))

ch))

(D http:/http-kit.org
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X BRI %82 T — channel, EHER sREAR FHE (FREIZE SRAZBX MK T );
SRIGVH Thttp/get, FFrZIiREl, FEASKEANETE], MGETEAESCAT, (2198 & EOH B
R GETHRAEIR [F RS 2200 (FmalTh ), B R 2 H GETHRAE AW 1 N 255 Achannel; 411
FLRAEARIZ200, (B8 R B2 1S — N5 1R I H channel

T K RIE R IRSS feed ) pRi%L .

#ififeed
RMEZH Thttp-getFfpoll, WRATEL, &t BAAICHDELRT LIS IRSS feed :
CSP/WordCount/src/wordcount/feed.clj ‘

(def poll-intervallse)

; Simple-minded feed-polling function
; WARNING: Don't use in production (use conditional get instead)

(defn poll-feed [url]
(let [ch (chan)]
(poll poll-interval
(when-let [response (<! (http-get url))]
(let [feed (parse-feed (:body response))]
(onto-chan ch (get-links feed) false))))
ch))

parse-feedfliget - linksiX Pi~ sk ¥ 2 FHRome % K i M feed fr ik M1 B XML . A< AN B
AXTA R, RATLAEABRERBHRRIEN].

get-linksZR M fE4EH 53K, ilidonto- chanffiX 131K 5 Ach, BUATEAL T, onto-chan
1B 5E 93 5 M channel, X B i1 1% & onto - chan &5 — S50 HA 24 channel .

FilliA— T poll-feed:

wordcount.core=> (ns wordcount. feed)

nil

wordcount. feed=> (def feed (poll-feed "http://www.cbsnews.com/feeds/rss/main.rss"))
#'wordcount. feed/feed

wordcount. feed=> (loop []

# => (when-let [url (<!! feed)]

# = (println url)

# => (recur)))
http://www.cbsnews.com/news/three-year-old-dies-after-visit-to-dentist-in-hawaii/
http://www.cbsnews.com/news/obama-unemployment-benefits-expiration-just-plain-cruel/
http://www.cbsnews.com/news/rand-paul-says-hes-suing-over-nsa-surveillance-programs/

(D http://rometools.github.io/rome/
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T kEF WX poll- feed IR [A] sk T A E

stF A R, AR S0 Rk R A T AR IR, E RS SR P
JAXARE 0B REREIR 2 Bt feed # R LBt , XA m W& T 69 IR ) ek i 14)
RS89 E A, TABTHTTPHY &4GET £ N E A,

' a. http://fishbowl.pastiche.org/2002/10/21/http_conditional _get_for rss_hackers/

TR E
poll-feed RELIEATRCIIMT, iR [Mlfeed F ATA HIBERE, Hrh & KidEE MR, BITH
% channel 7 % H AL & feed I BLAHTEERE . W] LUR R XS sREGA S H 1 -

(defn new-links [url]
(let [in (poll-feed url)
out (chan)]
(go-loop [links #{}]
(let [link (<! in)]
(if (contains? links link)
(recur links)
(do
(>! out link)
(recur (conj links link))))))

N T

out))

B, XBACHE A2 T S channel: infilout. infEfpoll-feed REGR I feedH 5T
FEHENE WS Aout, X BUCRSTE god tp il AT T — /MG, HI T4 H i B s mE 4
links, linksH¥IMR{ERZES#{}. BYNinhih— R, T ERE Links P EEHE
FETEZEE . WARE A, WA AtBARG BEUERE S Aout a4 ns links

FEREPLHINA—F , iX AN 2B FRe0f i —HERERE | MR (eI B R A S A i .

IAEFRA T 28 M feed 1 ARHR T R SCEREROSERE , 32 T RBEAT DURUIRBOCEE N B g HA% T,

Gritia

MG Z AT AR EHR, IRAES#T LISEHlget - counts BR%L:

CSP/WordCount/src/wordcount/core.clj
(defn get-counts [urls]
(let [counts (chan)]
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(go (while true
(let [url (<! urls)]
(when-let [response (<! (http-get url))]
(let [c (count (get-words (:body response)))]
(>! counts [url c]))))))
counts))

% B RS Z— 1 channel urls, %t FMAEH E— 558, HiHhttp-get RIKBUECER
WE, it aia%k, 4SS ARl channel . Giitiml st 52— ook, H
BN ICERCEREERE, B AT E R CERAIR.

THEES, REEE N dEREX,
‘A%
X main AL T 5E B AR SS TR E S I GE «

CSP/WordCount/src/wordcount/core.clj
Line1 (defn -main [feeds-file]

2 (with-open [rdr (io/reader feeds-file)]

3 (let [feed-urls (line-seq rdr)

4 article-urls (doall (map new-links feed-urls))

5 article-counts (doall (map get-counts article-urls))
6 counts (async/merge article-counts)]

7 (while true

8 (println (<!! counts))))))

XA RBEESZ— S RE IS, 2R E T £ feedfURL, H47—1URL, H%,
XEACH A T —A OIS (55217 ) ( ClojureHf with - open BRI {7 YA HSiE 7 3 HAE
T AN, SO ); ARG, it line-seq (45317 ) MSCHHERES FIREVURLAYD %
HXFURLS et e -4 (e iR B0 new- Links ) DRS4S Ky channel 751 (45477 ), 4 u
K B F A feed R A BT HOEERERT , FTAVEEIE LSS AXT R ¥ channel; T3k, Xfchannelf /¥
Bt nmk G4 (s s get - counts ) LATSEI 5 — channel (/751 (55517 ), 244G F 4
Afeed P A BT IOBERERT , BERER a1 19 SCEE A TR BB S 9 AX AN 51 %t B channel 7

fJm, flifflasync/mergepfi¥t (#5617 ) HeHiX>channelf 5 & I b — 1~ 8l il channel, H
£ & T B ifichannel P9 R 0T N A, U S—BIEHR T £ (5B747), WA SASIFEHN
channel P (AR A5, SR —TF -

$ lein run feeds.txt

[http://www.bbc.co.uk/sport/0/football/25611509 10671]

[http://www.wired.co.uk/news/archive/2014-01/04/time-travel 11188]
[http://news.sky.com/story/1190148 3488]

TEX B P T Wil — R CPURY M FITE L, & & B B RS AN 1 88 55 33, 1 BLAE# maik,
T AT LA R RS IECE A feed, {H B 5/ CPUYFIE .
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) — T4 XA AP A channel—¢ N 2R LL A (R F69), 537 CSPART

#F IR IAHE A channel 216 £4% 449 channel AR A2, EXFHAEEA
R, H—2g 3ok A %A channel, 2 AR AN HLREMKE, —RRHNEAL
ﬁ'ﬁ‘)&*‘&o

-l S Y
FRATSER T 56 — KA2E2] L 85 = R IE & P S WAl 38 i ClojureScriptfifi F core . async % .
BFZREMNZFRTHA
i Fchannelfligodk, nTLLE H @ a8 5 AA0HS , [RIBHCRS M Fak ks H AR, miAGfdE =)
) PR IR R A
O S E AT A T [EHLE I APLE RS B CSPHLE H,  RF SR — R /N (]38 pR gL,
[6]channel5 AEHEEI AT
Q ifidalt! 2 0] LA channel (Y IS
O timeout PRHUR [A]—~channel, Jf7E— & i 1] J5 & 411X 4> channel —— X FEfE 7S “HEm}"
XERAEAR R T3 —2K00 % (ER1ET ).
Q B 5 PR BT AE go bk gl BT T . Clojuref®) 2 ] LIKHACHS I, AT LAY goddff 43 B4R
AN AT, TS B2 3% S AR A B

F-XBT
4k

0O Salt! 24, core.asyncibdtfit Talts!. BMEAH AKX & AEH T agm

Q B rasync/merge, core.asyncid#i{it R Z kK& 3£ 4 ~channel, #lllipub. sub,
mult, tap. mixfladmix., ©1%EM T2

O HOPr R — FRSSHIFL AT T RE . AT RS2 i T2 T ICZEAF Wchannel , &N
BE L RARFRBEE R R A5 R, o iR go b iiE 1145 5 i T il A0 goBdif
QSR Ad A 22 (7B channel 2 R A AT 247 ekl F EZE AE i channel , 734 {4 lfkb? 2
i ) A 1
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Q HOEEH— 12 Tasync/mergef BREL. X1~ pRECA 7 B2 40 24 A channel 1 —~ak
ZAPEANEN . (7R Hlgalt!, fifhalts RS HERS . )
Q i FClojuref 2 T T Hoffalt | 2 BT
channels.core=> (macroexpand-1 '(alt! chl ([x] (printiln x)) ch2 ([y] (println y))))
X RITE RS, Gl AT R clojure. corefiTZ], ATRITrfERiE. alt 2anfi
ST P B 44 eS0T 2% 380 8P B 4 eR B RICR 11 2

6.4 S$£=X: By CSP

ClojureScript ( http://clojurescript.com ) f&Clojure(f)—1>F4%, ClojureScript - ANFHFE ¥ 4w i il
Java = yifi%, (fi4aifalJavaSeript. HHEREUEAT LI Clojure h—4~Web7 FH [R5t 4 5 Il 45 # g F1
P I A

i HIClojureScriptf) 25 2 — &' X Ffcore.async, AT K TIFZ AL, Hbfk
LR AER AR 2 JavaScriptFE Y SN I REE" ek ok

FERE—MILE

WRARAGEE P islavaScriptgi B2, 15 8 S IA AT 5 T ——0 Y23 40 F ft JavaScripts | %
RN, E4aSScore.asyncllt FRR? AN RIEZLRNIT 5 F A4 FIg

fERA HIEZ4 B at, lilgoZ il i d%, ClojureScript] LA1E% 1 it g FEAE 2
FEAZERIGE. XRWERX £ 1E%5 (cooperative multitasking ) f)—FpTE MEFAS

SRAFTWIS —MES . ZIRTRATSER, SO RDLE MRS AR TR K.,

ifi iy Web Worker®, SUAK ) I & & — & i X b L4 A E % %4249 JavaScript, Web Worker
Ry RJG &%, ®Aftiz s DOM, |

@it £ & & ptde Servant”, ClojureScript 4,7 ¥4 4 | Web Worker, i

a. http://www.whatwg.org/specs/web-apps/current-work/multipage/workers.html ;
b. https://github.com/MarcoPolo/servant
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Hello, ClojureScript
ClojureScript5 Clojure26{Bl, {HULAFAE—L6 2 5l— A B SAEMCER /T HEN .

ClojureScripth, i 4aif i Bl H 2RI B R . B—FrBt, % P i ClojureScript! ks 8 4
PR —JavaScript3UHF; 5 BB, MRS #% i) ClojureScript! CH K 4 i I — 1 IR 55 4%
XRS5 AR B BT 20K i TavaScript U RIS A fE<s cript>hRaExt o, Ay eh i 1) 74
fd F Leiningen 894 { lein-cljsbuild "¥ 4 iFit #2 H ahfk . RS #8um iy FSi/E H fsrc-clih, &
P ARG H ks re-cljst,

FRF—AEHENIE , HF—PEARA—DTUE S, SUE T

CSP/HelloClojureScript/resources/public/index.html

Line 1 <html>

2 <head>

3 <title>Hello ClojureScript</title>

4 <script src="/js/main.js" type="text/javascript"></script>

5  </head>

6 <body>

7 <div id="content">

8 </div>

9  </body>

10 </html>

$54475| T ClojureScript4: i i) JavaScripthi A<, EHRVEH 71745 A ff<div>, T2t
J; () ClojureScript{ti5 .

CSP/Halloc e el guireaciit dis
Line1 (ns hello-clojurescript.core
(:require-macros [cljs.core.async.macros :refer [go]])
(:require [goog.dom :as dom]
[cljs.core.async :refer [<! timeout]]))

(defn output [elem message]
(dom/append elem message (dom/createDom "br")))
(defn start []
(let [content (dom/getElement "content")]
10 (go
(while true
(<! (timeout 1060))
(output content "Hello from task 1")))
(go
15 (while true
(<! (timeout 1500))
(output content "Hello from task 2")))))

(set! (.-onload js/window) start)

@D https://github.com/emezeske/lein-cljsbuild
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ClojureScript 5 Clojure it — > 22 51| /& HAH FH A9 22 75 E 8 H : require-macrosi#Ef74 8 (452
17 ). outputrl¥t (56417 ) i T Google ClosurefE"” ( AL Closure PUA~FHEs, MiAZ))
la]—~DOMJIC R B MITH B -

X AR TESS 13T AR 1747 T outputeREL, HAaHlEdT TS gothrp . H—1~
gob A 1 BPH HH—IK, 58 A gobldE 1L 5EME tH—IK.

1917 LSS s tart Bl %L 5 JavaScriptiwindow X £ i onload J& ME A T6 52 . X AT CAS
85T ClojureScriptftdot special form#t%, HlavaScripfURS#EfT3¢ .. F X B/ Uh% .

(set! (.-onload js/window) start)

ST T JavaScript{URS -

window.onload = hello clojurescript.core.start;

TR 55 a5 i i ClojureScriptf Ui LA AT 82, X BAFHAIT A (T THEEZHT, ES
WA FBER ).

BAERT LA M lein cljsbuild onceZwiffefF, JFHilein runizfTHRS5#%. @i Yo isin]
http://localhost:3000, #fn]LAE LT .

Hello from task 1
Hello from task 2
Hello from task 1
Hello from task 1
Hello from task 2

BUAE R B R — E BRIC T HIEM LR

I BAT S5 WRGE— HAMSLIBATARRAR IR o (HR LB T E A AT E S, Xk ERIC
MREALBRELE, TR infap b B A

SIS2E 3 0

A W38 ot — 187 B AT LA R FUAR 2 i A s, fed 718 ClojureScript e 41{a] b 34614 .
RATEBIE— T, 7E0im - BR—Lef, R SFEIT RN — 5, RN P BbR
SaRRIAIE, nEe-4f .

(D https://developers.google.com/closure/library/
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Elo-4  wEuH
SO A CASAE R T 8, R — P <div>EWEAE O .

CSP/Animation/resources/public/index.html

<html>
<head>
<title>Animation</title>
<script src="/js/main.js" type="text/javascript"></script>
</head>
<body>
<div id="canvas" width="100%" height="100%"></div>
</body>
</html>

FKATEAE B Google Closure/#E I TE T RELE il i 25 E, Google Closure /Xt A [A] i) W 2§ 42
EHRAERI A 1T TH% . create-graphicsiR¥#E%—1"DOMIILE, REI—/EGKED, #
iF XA EGE O AT LIEDOMIT E 4 A

CSPIAnMgtIonIsu(ljslanimqﬁbqjgon.cljsi;f ’
(defn create-graphics [elem]
(doto (graphics/createGraphics "100%" "100%")
(.render elem)))

shrinking-circlesRBUEZ —PNEIEOM—MLE, FHOIE—gotk, HLHI LI AR
PLE RO R, SRS

CSP/Animation/src-cljs/animation/core.cljs
Line1 (def stroke (graphics/Stroke. 1 "#ff0000"))

(defn shrinking-circle [graphics x y]
(go
5 (let [circle (.drawCircle graphics x y 100 stroke nil)]
(loop [r 100]
(<! (timeout 25))
(.setRadius circle r r)
(when (> r 0)



10 (recur (dec r))))
(.dispose circle))))

X ERCRS  Se (8 Google Closure/E (Y d rawCircle % (55517 ) KL HIR; IR IEANEIR,
£$25 msiEFl—WK setRadiuspR% ( BFFP40IK ) (55747 ); a2 =ik #l0m), i Hldispose
PRBCR MR (551147 ).

BRATTA T B HI T FH P AT B AE LA L i 7 R AR . Google Closure R4l T listensi%y, HIT
MR T

ERITFHER2ET Minttp/get i, listend&Z—A-EIVEEL, 7EdsE S0 &4 2%
[EE R B, SHERZEML, FAMEA—HEF1FS A channel (1) [B1 R, A 111 90 R 2505 8 B
core.asyncfiIE=:

CSP, jon/src-cljs/anim
(defn get-events [elem event-type]
(Let [ch (chan)]
(events/listen elem event-type
#(put! ch %))
ch))

TR — i A

art [
(let [canvas (dom/getElement "canvas")
graphics (create-graphics canvas)
clicks (get-events canvas "click")]
(go (while true
(let [click (<! clicks)
x (.-offsetX click)
y (.-offsetY click)]
(shrinking-circle graphics x y))))))
(set! (.-onload js/window) start)

XBAS e R — D <divafENEAG, i — MR O e AR 22, JF A AR Sy
M B channel; SRJEHEATEIN, SRR A —IREbR S, SRBGX VO d7 B AR FRof fsetX il
offsetY, FHAEXAARFRAE A — R (1) 3

XAHIFE EERE R (SEPR EW2XRE ), {HE¥ JavaScript i 3 T [\ A IS S 4 hl 1
core.asyncliFEFchannelJf0F%, FRAMTE LKA TE KA S—L3] 7 “EIREELEE" gk
77‘%0

91l Ak [=1 3/

“[EERSE" H5 82 T JavaScript™ 5 AR 1R 5 1% i 580 A VR L AR I —— (8] 78 o $i i
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JEL A4 [ 80 o A P R 5 — 1 [l e, 5 B A AN IR) AR 2SR A 1 8 2 (] B 15
TR 27 20 Qo] FH A A28 604 S5 2 G e AR A i A [ 3 PR 555

EM—AN e F27Y

65 B M F I, 1EFHP—S—PHHTERE SRR IES SRz ek
B — A 218 PR A 16 2%

Wizard w
4 » | 4 © localhost:3000/index.htm! ¢ | Reader [

Step 2 .
Date of Birth: 03/10/1968
Homepage: www.paulbutcher.com

®6-5 mSa%
1] S 25 H A0 5 22 fieldset ) 26 BAAA A«

CSP/Wizard/resources/public/index.html
<form id="wizard" action="/wizard" method="post">
<fieldset class="step" id="stepl">
<legend>Step 1</legend>
<label>First Name:</label><input type="text" name="firstname" />
<label>Last Name:</label><input type="text" name="lastname" />
</fieldset>

<fieldset class="step" id="step2">
<legend>Step 2</legend>
<label>Date of Birth:</label><input type="date" name="dob" />
<label>Homepage:</label><input type="url" name="url" />
</fieldset>

<fieldset class="step" id="step3">
<legend>Step 3</legend>
<label>Password:</label><input type="password" name="passl" />
<label>Confirm Password:</label><input type="password" name="pass2" />
</fieldset>
<input type="button" id="next" value="Next" />
</form>

O A, JF AR “We're Off to See the Wizard”, SCZSEFANER I — il . “wizard” BEA “HIG" 2R,
WA e B, —REE
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Line 1

B <fieldset>fCE M S — IR, LB ITA 1 fieldsetfSUETR kK -

CSP/Wizard/resources/public/styles.css

label { display:block; width:8em; clear:left; float:left;
text-align:right; margin-right: 3pt; }

input { display:block; }

.step { display:none; }

ZIEMRRF ST X e Bh ek 8, s s BRORCH OC (1Y fieldset :

CSP/Wizard/src-cljs/wizard/core.cljs

(defn show [elem]
(set! (.. elem -style -display) "block"))

(defn hide [elem]
(set! (.. elem -style -display) "none"))

(defn set-value [elem value]
(set! (.-value elem) value))

X BACS A T 5 —FIE XA dot special form, FHITFiiRIXRIERZER B, Hin.

(set! (.. elem -style -display) "block")

SR T 11 B JavaScriptf U5 .

elem.style.display = "block";
T AR SEBE T ) R 4 i AR
CSP/Wizard/src-cljs/wizard/core.cljs

(defn start []
(go
(let [wizard (dom/getElement “"wizard")
stepl (dom/getElement "stepl")
step2 (dom/getElement “step2")
step3 (dom/getElement "step3")
next-button (dom/getElement "next")
next-clicks (get-events next-button "click")]
(show stepl)
(<! next-clicks)
(hide stepl)
(show step2)
(<! next-clicks)
(set-value next-button "Finish")
(hide step2)
(show step3)
(<! next-clicks)
(.submit wizard))))

(set! (.-onload js/window) start)
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KBTS B SR T R BT ERIERITENSI A, JFRZETE fget -events 3k
HUNextii HLT s i S i channel ( 55817 ); SKXJF W R 510 R85 — PR RBITE, FFHFERAIM
s diNextfZfll (551047 ); MM P g mr, B S R — PR RFILRE, B SESE
AR ICE, JFEFM P PG ENextdZHl; LI, BRITALRETEMN, R5H#32
FREH (1817 ).

X B R R R BT AR Z b ——1a S AR R TR, X B UL E bt
BT, IR R M T oo MIEM, SEhr X BUIEIF AR SBTH—RRANTEIE T— RS,
EHELFETRE, SFEFHEREFRRESHATEERS. BRZEEHERITATELL
any, R B A R AT AR B AT

FZRBL
BATFEM T2 = K2E>], RIS H T X core. async A CSPEL ALY I8
F=XEBNFATHA
ClojureScript/&Clojuref) — 4, HACHI AT LAGwi¥MJavaScript, XAEZ F b Fe sk il LAf
Bhcore.asyncf Jif . X ANAT LATE SR FE JavaScripthig Lzt MEX 2415, ikhEffde “[H
E=XBE
A4k
Q ClojureScript', core.async S RFE 15 eREL, toln<! F1>  (HIFAZREPHZE i fl<! 1 FI>1 1,
XAt Ar
O i take ! 193y, @ X pRE, Qn{ATHE BE T channel 19 APT% 46 55T a1 pR £ APT?
i AT a5 (3R XA RS E—AN RS, )
Pk
Q Mcore.asynci’s — A HLAGN B AFUERK, Hondnzie | e kel g,
Q HlJavaScript® 5 [a] S48 611, H5ClojureScripthR A<AH LA 4 X 512

6.5 E3

FKI LA, actorfii B FICSPELRYHE F AHL——& I 144 i 20 57 B9 9 A& RO RAT BT A, X 8t
PAT R ICZ [RGBk T G . (BNARSERR, hFME SRR, PR A A E R
FITREE



=

Hactorf BIAH L, CSPAIAIAYF RO SR R G, f Hactorfi IR, 1 5EE(E A -S54k
e TR SRR A 1 —F P actorif A — MEAE . MIEFICSPELAIR], channel/Z2%5 —JEN4, AJLA
o BN . B AKE . SRR, AT IZEARR AT R TG

Clojureif 75 HYAI4H ARich Hickeyf#F¥ 1 fib7E CSPAE 1Y Sactorki B v BEFR I & A JE A,

FAASFactortE A IR B , FactorE R P, A FEFeil A X RS AS LR,

AR, ARANTT VA actorBE A S I BB 15 A A TA D] ( AN AR L 22 X A ), {2actor

BA RGN TS, FEkFERARG N LEERAGAT KL BRBIERL, ?
M55 SERS U, BUFERYCSPRLRI Y SERE, Holilicore.asynclE, flifH T SO R A,
AR = T SRR B, 3 A AR (P (1308 e 80K i ke () 1O7 FH sl 48 T —Fob f 2 e e i
PR, ARB R IRATE) TH AR . S0 M T UGS, SR A A 1R 2 HAl AR

R

R ATE Y F—FEM L, AW EEEA R —a A UM e, 3T CSPRIRI ) 4%
FEIE S BRI AT LS R o A4t , (B 53 TactortSi Y O 4 BE 5 A Al , XA 1A
153 S48 1Y B RN S —— A 3 T CSPRLAISE I A OTP.,

5 LR S BT flactortSi Bl —FF, CSPALTULZA D) ZRIFEATE M, HEA St B If:
Fr2FF. MHICSPRAYRY , HATTR E@E EIE R AYFERE b, X5 | AT e,

HiiES

Hactorfi BRI, CSPHLAYH Tony Hoare T1970ACHRH . I 4R X M6 — 1 7F T AR (S
4%, LR,

20H20804FAR, Aty i occam ™l HCSPLAL A ILAT . SRIIFES T, Goifi & /2 HCSPALAY
A EA TR -

core.asyncHIGoift 5 AP R S ok S AT S5, X—HAR M HAE F T Iz 6,
WEF#Y ., C#”, Nemerlef1Scala”,

(D http://clojure.com/blog/2013/06/28/clojure-core-async-channels.html

@) Rich Hickey £ SCE 1% [#lid T it core.asyncf H A9, Horp—A E A RAR I BB (5 HIIOBAS] . X BES ] SCIF
AT S35 T 6 BA S5 — 3 R e PR CSPRSURU R SN . —— 81

@) http://en.wikipedia.org/wiki/Occam_programming_language

(@ http://blogs. msdn.com/b/dsyme/archive/2007/10/11 /introducing-f-asynchronous-workflows.aspx

(5 http://msdn.microsoft.com/en-us/library/hh191 443 .aspx

(©) https://github.com/rsdn/nemerle/wiki/Computation-Expression-macro#async

(D http://docs.scala-lang.org/sips/pending/async.html
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%A

CSPRER) Flactorf BT R AL X B EE AT AR, IF4% B AR, I I T P& Z Bl i9 i 2 25 5%
actorf BY I Z 4t DCON B T2 SR A s, T CSPALRY 9 I K4 XM & TR AU Rk i
Wt QTR WA R 2 [E] AT R, AROKCRREE B TR TE TR T

CSPHERUEA NI 5 — Rl AR . T — B 3RA 22 T 55— HI R AR



BRI TR R\ B . B SRR 4 0 BE AN 2% , (B T 24 4 v LARIEHAT
#E, AL i R — s A AR R R K.

FIHAT I, FATHEAE—TE ARE AT LU TRk ZRhgmER RIS, #HZ T, BT R
WEHFRAENEE L, 28, BRI RIF T REREAR, MARIFERBERAR (JEEFIFITR
MR, BXAHRXH, 21179 ).

7.1 RREAZICAHENFOBRITEN

AT FRAT K2 20 ane] A1 FH BER e 28 10 A v ik v RO 2 T L ——EE Ao (GPU ), B
RGPUSE—Nuik 1 BRI T ERE , A TR TR MEREE R T CPU, X FMEiEFR A T B
4L 32 %5 6918 JA i+ - ( General-Purpose computing on the GPU ) , (GPGPU%if% .

W FBUFR], AVFZHEARBUI TRAFEGPUR S ik . ARG RIES
(OpenCL ) “2k4i5 GPGPUHY .,

HF—K, FAOTE 4 E OpenCLNZ R EEREFNIR, LA A F4F Rz T N EHLR T .
K, UK A B | 38 =K, 2% OpenCLANA 5 TF i EIFEJE ( OpenGL ) *5
LAY DA GRS A T 38 L

7.2 FE—X: GPGPU iz

A RFRA THS 27 27 anfn] 4w 5 — A Ta] B A0 B NS B T AT MR AU GPGPURR FF,  JFiix MR F
HIERE, KEBGPUSCPUM HLMERESH 2 KT . A AT L St a R T — F 4
GPUTEIM TR iz T Fhseom )

(D http://www.khronos.org/opencl/
(2) http://www.opengl.org
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EIR AR S HIRHIT

THAALIEITE A W5 o] b FRECHE . o] ib B R LA K dn o] bRs A PO B 8 . 3D
R — N 2 JEEAS /D = IR, 3 — D = AT R S AR B R ITH
WIAERR A EAOLE, JFEATRY . AhFDERE | BISOHSE, XU P AE AT 25 LA L.

IR EAE PR RS B EORAY, (HHA — DR AR REM7ERERE b AR AR R AR X
TR] P 0 ) PR R ERA  D SA T8 AT — 2 MR R IR ST A R B9 %L
H b A7 st I [F) R 4R

PACGPU R S 2R (H AR I B AT AL BRGSOl LR FR L H2 A=A . BAR
HHGPURY EE HEN 1l RFIETTR N E, (HRGPUML AT TH ™ AY8U .

Bt 7T LA 2R B FRATE ) R D . KR FIZALU.
k&

BIRE IR PTBRE — RAE, (HIUR SR BT TSR EORE , X MRIESE
PR bR LA SE A o X e R WS iR K e, ani&l 7- 1B

el

S P PJ—ue

(5 el
E7-1 POk R TR 2

F7- U — A AP IREGHUKER, WS — IR 1 A R 7E L, AR —H % (P
AN AT SR R (HANSRAT SRR AR, BT LA LK R AR KA A
MPERE (BOZNAET R, o LU 8 200 %0), W 7-2/7R .,

oo ada]ala|e -

D S B S S S PR

= = [0 [0 B [Bs]= = = e ab] ===
E7-2  ZHBTREMR R K 2

AT ZERE 100040 B, R4l B0 SN ), & b2 ST 85000 e fE 3, T
WME7-273, S2Pr AT ERE 2 10007/ R B AT 58 5




72 #%#—X. GPGPU %442 169

ZALU
CPUH AT TIRIEZ KB E NHAR I AR Z /LT (ALU) , K735,

BB BIEK2

V

ERL
%7-3 ALU

NSRS R T NAF B LR, 2 ALUSE AT AR SR N RS, SRERGE InTE A B BUE |-
s BT LI T T, i 7-4F7 R,

E7-4  FIHZAALUN KR BRI T 17850
GPUI N AF S5k 5 A 256 A B 58, ol 21— YR AT LAZRELR /N 5l 3 5432437 (17 s
REILWBRE

AT PFFEAFEIERE , BUSLHIIGPURLE & R KL . BALULU R Z A5 i A K 94
Ao BCHIGIN T H—LIRRGPURIMERE . SBIA0 2, RIFAY (BIEER R — Fi4=1 ) GPUZ
IS RAR DI o ARIATUAE ST I TF R AT, GPGPUSFEA R et £ .
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OpenCLJE T —FKCIEF , AU RSB T4 . AFRIBIGPUT i = H2 %
2 8 ARSI R, AR m] AR SRS FAEAR L A9 RE 1 iz AT .

£ — OpenCL 2%

WHREF| FHOpenCLY BUH MIFEHEATIF T4k, BEFT B 000 TAERI 0 s nT LR THY T
YE35 ( work-item ).,

T1Em

EHE IATICHEN, FEREEIIIMTESBEAL, @Y., RS MES Bt rEE by
TAE, RAEfTARCRSARIG, HIFHEZLREAIEMARERE NS RE .

MIHZ T, OpenCLA TAEIE ¥ 2R/, WRZR BN A 1024 0 R B HIFE, sl LA
Q10244 TAEDT, N 7-587 7R .

HiAA KiAB Lot
— IO —»
—  TfEm —
@ — Ifem2 —> ﬁ
(] (] ' []

' ' 0
[:] D— T 51023 —>|:]

[E7-5 ey T /Em

FATBIAE 55 WURAF )R 73 U AT B/ TAETR . OpenCLEY 4 i # Fllis 1T S AR RE 7 2%
X AR TR LR, DRUERE (-4 R T R 5 Ot R A

#wm#,m%&#&ﬁxiﬁzﬁ$oﬁqmaﬁﬁﬁﬁﬂﬁ,ﬁﬁx%ﬁw%i‘
TR R, HhiEBAEATN— BT, FHTNEIFRBE TAA, AW AT L
EE BB AT,
Fit, T PRAFARLBEZIAE, KFSIHAT, REZiLFARAMA, iLTH
: Tl AR LB RHE A A F B TR, :

-

{
|
]
!
|

A%
OpenCLH PI#% F 2 I T BB TAEWUZ el TAERY . F 254 I e a9 e .
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DataParallelism/MultiplyArrays/multiply_arrays.cl

__kernel void multiply arrays(__global const float* inputA,
__global const float* inputB,
_ global float* output) {

int i = get global id(0);
output[i] = inputA[i] * inputB[il];
}

XA PR A% 32 1 i A B 55 inputAflinputB, Fl—N 82l 45 £t output ., B iR
get_global_id ()eHfiiE Al (E7EALFRMPA TAEIT, JF4 inputAFIinputBEYX I TG 3R A AY LS
BE Aoutput YR e .

AR, SR NEIRA R EIEF S, PRIT

() BIE E R0, WM A ER 21T E XA B F 30

(2) HIENAZ;

(3) Bl E i A KR B A7 X AN AR R AT X

@) MaA A i A— 1S, iEE—A TAETERET— IR IR

(5) IR .

OpenCLE Ji#ifEE X T CHE5E (binding ) FCHEEE . SRif, Ko EFES RE TIEE
FIGEE , It LAFRATAT LA B & B ATE 5 k%S VLT . H TOpenCL'E HArHE(EH T CIE 7,
1M H Ci & BE B bR I 2 12175, IR —IF RSB CIE S, % =K% HlJava
5 FHLRRF .

e FRAILHE 258 M — 5 B 1) OpenCLEHNR Y . A T 7EACRS B SR bk R 2 1Y
ﬁiﬁ*“ﬁ ﬁﬂ‘ﬂ«‘-’r”%~ﬁb3‘ﬁﬁcﬂJT%%*&LIEH’M&EEJ AL, RJE S X U T

PRI G R0, FERRAR TRARSS G, AT
%ﬁ%%jﬁ%Aﬂg
R ETX

OpenCL I F3C3K/R T OpenCLINRZIZATHYFMEE . BEIR B30, WERBITERIF6&, U
BV & ERHETT IR B ( fﬁF’*ﬁﬁHﬂ“m%zL‘ﬁlﬁ% ):

DmParalhﬂsmlMultlplyArnyslmuItlply_,arrays.c

cl_platform_id platform;
clGetPlatformIDs(1, &platform, NULL);

cl_device id device;
clGetDeviceIDs(platform, CL DEVICE TYPE GPU, 1, &device, NULL);

cl_context context = clCreateContext(NULL, 1, &device, NULL, NULL, NULL);

XEAHE LT —A ey B R, HUu & —4GPU. B clGetPlatformIDs ()%
PHPE5, SR CL DEVICE TYPE GPU{LZ45clGetDevicelIDs () ¥IKEUGPUMID, H/Ei4IHID
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{4 c1CreateContext () A& | F 3.
el FE SRS N
ELfE T — TR, BETUHEMRGAAGT

DataParallellSmlMultiplynmyslmulﬂply_arnys.c : f .
cl_command queue queue = clCreateCommandQueue(context, device, 0, NULL);

clCreateCommandQueue () $52— & F SCHI—MEHID, B [E—A a4 A,
T X ANBAS K R 2R -

HiFR%
P TR N R RT ATE B iz 7 i CRs -

DataParallelism/MultiplyArrays/multiply_arrays.c
char* source = read_source("multiply arrays.cl");
cl program program = clCreateProgramWithSource(context, 1,
(const char**)&source, NULL, NULL);
free(source);
clBuildProgram(program, ©, NULL, NULL, NULL, NULL);
cl_kernel kernel = clCreateKernel(program, “"multiply arrays", NULL);

XBACH E fokmultiply _arrays. cUP I A IRIGIE B — A/ H b (EARHECECS
[ LLE F|read_source() RIS ), ARG IZFT {44 clCreateProgramWithSource(), Z
JGffific\BuildProgram() #1T#, HEfliflclCreateKernel () & —4~M#.

REFX
WAZAE RS X R, A TR B A X .

DataParallelism/MultiplyArrays/multiply_arrays.c
#define NUM_ELEMENTS 1024

cl_float a[NUM ELEMENTS], b[NUM ELEMENTS];

random_fill(a, NUM_ELEMENTS);

random fill(b, NUM ELEMENTS);

cl_mem inputA = clCreateBuffer(context, CL_MEM READ ONLY | CL_MEM COPY_HOST_PTR,
sizeof(cl _float) * NUM ELEMENTS, a, NULL);

cl_mem inputB = clCreateBuffer(context, CL MEM READ ONLY | CL _MEM COPY HOST PTR,
sizeof(cl float) * NUM ELEMENTS, b, NULL);

cl_mem output = clCreateBuffer(context, CL MEM WRITE ONLY,
sizeof(cl float) * NUM ELEMENTS, NULL, NULL);

XEACR A TR EHafb, 8 random FilL() [ 5%l v i A BB .

DataP-nllellsmIMultlplyArfaysImultlply_arrays.c

void random_fill(cl float array[], size t size) {
for (int i = 0; i < size; ++i)
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array[i] = (cl float)rand() / RAND MAX;
}

MM EERTE , A X inputAflinputBAR/E HiERY (CL_MEM READ ONLY ),
KT B K A I BAEAE 4R (CL_MEM COPY _HOST PTR). fiithZE4¢ X outputit 15
fy (CL_MEM WRITE ONLY ),

AT ITAEm
T AT LT TAETUR 24T RO AR e 1

DanParalleIls‘mlMultiplerrayslmulﬂply_arrays.c :

clSetKernelArg(kernel, 0, sizeof(cl mem), &inputA);
clSetKernelArg(kernel, 1, sizeof(cl mem), &inputB);
clSetKernelArg(kernel, 2, sizeof(cl mem), &output);

size t work units = NUM_ELEMENTS;
clEnqueueNDRangeKernel (queue, kernel, 1, NULL, &work units, NULL, ©, NULL, NULL);

B AU B J6 98 FH clSetKernelArg () K i B N 28, #RJ5 ¥4 ] clEnqueueNDRange
Kernel(), ¥ N4E=s[i] ( NDRange ) B TYEI 14 45 4 BA 3 . A Fh N=1 ( clEnqueueND
RangeKernel () f)5: =S8 ——ME 2R BIN>10961F ), TAEDIHME0E1024,

REVEER
MNZEEITEER, ST LIRIRES R T -

DataParallelism/MultiplyArrays/multiply_arrays.c

cl _float results[NUM ELEMENTS];
clEnqueueReadBuffer(queue, output, CL TRUE, @, sizeof(cl float) * NUM ELEMENTS,
results, 0, NULL, NULL);

B AIE T resul t424] , J14f clEnqueueReadBuffer () ¥ outputZE /X i1 P 25 & il
FhZEA .

AR
FEHURR i fa 9 TAE =T L

DataParallelism/MultiplyArrays/multiply_arrays.c
clReleaseMemObject(inputA);
clReleaseMemObject (inputB);
clReleaseMemObject (output);
clReleaseKernel(kernel);
clReleaseProgram(program) ;
clReleaseCommandQueue (queue) ;
clReleaseContext (context) ;
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M RES T
RO L33 T — W, AEZOR T — T HAERE 1o X K75 2 HOpenCLYERE 53 BT API:
DataParallelism/MultiplyArraysProfiled/multiply_arrays.c

Line1 cl_event timing event;

- size t work units = NUM_ELEMENTS;

- clEnqueueNDRangeKernel (queue, kernel, 1, NULL, &work units,
NULL, ©, NULL, &timing event);

- cl_float results[NUM _ELEMENTS];
- clEnqueueReadBuffer(queue, output, CL_TRUE, 0, sizeof(cl float) * NUM ELEMENTS,
results, 0, NULL, NULL);
- cl_ulong starttime;
10 clGetEventProfilingInfo(timing_event, CL_PROFILING COMMAND START,
sizeof(cl ulong), &starttime, NULL);
- cl_ulong endtime;
- clGetEventProfilingInfo(timing event, CL_PROFILING COMMAND END,
- sizeof(cl ulong), &endtime, NULL);
15 printf("Elapsed (GPU): %lu ns\n\n", (unsigned long)(endtime - starttime));
- clReleaseEvent (timing event);

X BRI F M timing eventf£43 clEnqueueNDRangeKernel () (%5317 ). 4— s 58
e, SEATLAJE i clGetEventProfilingInfo () kA F L RAEXTH P HINEEE (1017
1347 ),

WHSEENUM_ELEMENTSIZ E 100 000, F% [ MacBook Proft)GPUZ: £ %43 00044%D , 1fij an S (i
FH & G AECPU A HEAT [RIRE A 454 -

for (int i = 0; i < NUM_ELEMENTS; ++i)
results[i] = a[i] * b[i];

P FIRERI 100 000 TCE AT, T BLAETRUT400 00044FD , W AN T35 M 5B GPU HL.CPU9f .

S ECAR R AT AT TR A B R K, EHATRA 24, 72k AR 2]
F)inputAfeinputBE AR ¥ ; AS4 TRE, 12 XhoutputE 4 K 445 5 5 40 &,
R T AR T A B BAE S R, IR S 0 AR AR, A E T A YR E A
RAESATHSBR, RIFEA T, OpenCLE S H 2 rt MMM L A, KAR

C 2 EGPU L& St /7845,

TR, A ¥ K% OpenCL APIIANYS . BIAERBHELHE ST .
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%R [6l{E
TR £ OpenCLEREHR221R [M] ZME . MR —F & L%, clGetDevicelDs () R
LR [ 2R . HpRBUR RN .

cl int clGetDeviceIDs(cl platform id platform,
cl_device type device_type,

cl_uint num_entries,
cl _device id* devices,
cl_uint* num_devices);

Z¥devicesi2— T KJE Fnum_entriesUBUEHMITEEN, S8 num devices/E— 1 H5
5. JEfflclGetDeviceIDs () y—F e 2l FH e 404

cl device id devices[8];
cl uint num_devices;
clGetDeviceIDs(platform, CL DEVICE TYPE ALL, 8, devices, &num devices);

clGetDeviceIDs ()& [Alff, num devices B 22 % WA{H A nl F % & 09140, devices i
num_devices ML RSP ELS .
BRI, HAR AT R8N e? 2RI LA —~ “K” 4, HERE5 IR
%ﬁéﬁﬁgkﬁ’ﬂﬁ*ﬂ. A — RS MRIE . EB W2, AR FEE I OpenCL R KAR
(T —Fpor R, wT RIGR [T B K R B —— P VK 8 FH PR

cl uint num devices;
clGetDeviceIDs(platform, CL DEVICE TYPE ALL, ©, NULL, &num devices);

cl device id* devices = (cl device id*)malloc(sizeof(cl device id) * num devices);

clGetDeviceIDs(platform, CL DEVICE TYPE_ALL, num_devices, devices, NULL);

$—kiH ] clGetDeviceIDs ()i, FFJNULLf’Eﬂ??‘QﬁIdeuceso HR [AElEE, num devicest
SR ERTHREN . HETRATEUE - IEERKENE, I8 A
clGetDeviceIDs (),

HiRLTE
OpenCL R 1 AR5 . CL_SUCCESSZFR/R BRBUETTIED ;. HALMCIL TR RELETT
K. V8 clGetDeviceIDs () IFHEATHEIRALFEAIAASANT ¢

cl_int status;

cl_uint num devices;
status = clGetDeviceIDs(platform, CL_DEVICE TYPE ALL, @, NULL, &nhum devices);
if (status != CL SUCCESS) {
fprintf(stderr, "Error: unable to determine num devices (%d)\n", status);
exit(1);
}
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cl device id* devices = (cl _device id*)malloc(sizeof(cl device id) * num_devices);
status = clGetDevicelIDs(platform, CL DEVICE TYPE ALL, num_devices, devices, NULL);
if (status != CL SUCCESS) {

fprintf(stderr, "Error: unable to retrieve devices (%d)\n", status);

exit(1);
}

@m%k,%maﬁﬂA%%ﬁMmMiﬁ%f%ﬁ%éﬁﬁﬂ KT

DahParallelismlMultiplyArrayszthErroerdlinglmulﬂply nmysx
#define CHECK STATUS(s) do { \
cl_int ss = (s); \
if (ss != CL_SUCCESS) { \
fprintf(stderr, "Error %d at line %d\n", ss, _ LINE_); \

exit(1); \
A
} while (0)
i FH X Al B %

DataParalIellsmlMultiplyArraysWIthErrurﬂandlinglmultlply rrays.c ,
CHECK_STATUS(clSetKernelArg(kernel, 0, sizeof(cl mem), &1nputA)),

AR BN IR [ 5512, MiEfEZerror_retZ%. HlliclCreateContext () A K%
J Y

cl_context clCreateContext(const cl context properties* properties,

cl uint num_devices,

const cl_device id* devices,

void (CL_CALLBACK* pfn_notify)(const char* errinfo,
const void* private info,
size t cb,
void* user data),

void* user data,

cl_int* errcode ret);

XA PRB S AL N T

DataParallelism/MultiplyArraysWithErrorHandling/multiply_arrays.c

cl_int status;
cl_context context = clCreateContext(NULL, 1, &device, NULL, NULL, &status);
CHECK_STATUS (status);

OpenCLACHS i A7 HoAt— 2674 FH i s iR AL By sU——R R s B —FaE & H S R

g%?"'f*iﬁgléég
FAVE R TH— K22, B RGEA T OpenCLE-5 . AT HINFERIRY
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E-RENFRTHA

) FOpenCL AT LAFZ 4 tH GPURY B -7 BEAYRE 1, JFSEA Tl IS, MM RIS IR R A E
AERTT

Q AL S5 V10 AT, OpenCLA] LIHAES5 01171k

Q @ RGN, 18E TR TRV i TR

Q EPATHEE, EVRFFLAGET LT R

() B BT3¢, A2 NSRS 1 T7E XA~ B3
(2) IFN;
(3) B A A B A 22 A7 DX R Hh B O 22 A7 X
(@) [ A A PR A — 2, A TAEEE T — IR N R T
(5) IRHAE R
g—XBY
£ 79
O [Z0penCLFRAE ( The OpenCL specification ).

Q [0penCL APIZ% K Ji~ ( The OpenCL API reference card ).
Q E XOpenCLNERIRHKCIES . EMCIES G4 RFHE?

Sk

Q BB N, AR IR R ORI, IR HPERE . b FAS ) B i 28 1
HERE R A 2257 BURRAMKE (FE) BE4SEmiERE 280 5CPUm
PERE HLA S SR 7

O ZHIFEATEFCL_MEM_COPY_HOST PTR{E%45clCreateBuffer() ¥OIEIF#IHILELAX ., &
MEHULES, FICL MEM USE HOST PTR&{CL MEM ALLOC HOST PTR ([ I &#Z:4k,
WRR T EAE 2D ), FForHrtERE. Wl B AN R 92 47 73 B A 4 (i FH 7

Q B FEIUHS, HclEnqueueMapBuffer ()& #iclCreateBuffer(), JEorrtthE. Hod
FAFRhg R RiE g e

O 7EARMECHYZERE |, OpenCLIAERML T K & AR JSHI—4F 51l float4 Mlulong3iX 2 i)
A ESONRZAES, BEF TR A, K ) 2R E LR I AN e R

7.3 BIX: ZYTESTIEA

WERFLA12: > T 4nfaf FilcLEnqueueNDRangeKe rnel ( ) AT 24> TAES, ik fT—4E8 iz
B, SREY R ZHEBARZE, IR FHOpenCLAY T HE4 K fifg e 57 A HUAR (14 ] 551
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L4 TR ZS 8]

24 = HLERFE FH cLEnqueueNDRangeKe rnel () $iAT NI, witsE X T — 485125 m),
B E A 2 RME—/ID, HARFE—A TR,

N E i Flget _global id() kA& 4aT EEAFRE TAEDU 451D, HERMEFHE
Bzl —4Eny, RN RS figet _global id()—K. A KA TE&BIE T 4%
MM, HFEE I FHget global id() Wik,

sBpETRE

EFRAT MR P A AR R R AR B e, IR — T el R 7 A P e vk

T — A R . MR — D w x BV 5 — 1 m x wiSEFEARTE (T BSE— DY
B —E BT AR TR, SRR — D m x nfERE . BN, H—12 x 4895 S —
A3 x 209 FE P AR 215 5] — 13 x 4R R

R TR R AR G, HFCEPIIE, TR AT LRSS
AN H XS R G E AT, IR A AN

a b\(w x| (aw+by ax+bz
c d)\y =z B cw+dy cx+dz
A TR A Y R A T A T

#define WIDTH QUTPUT WIDTH B
#define HEIGHT OUTPUT HEIGHT A

float a[HEIGHT A][WIDTH A] = «initialize a»;
float b[HEIGHT B][WIDTH B] = «initialize b»;
float r[HEIGHT OUTPUT][WIDTH OUTPUT];

for (int j = 0; j < HEIGHT OUTPUT; ++j) {
for (int i = 0; i < WIDTH OUTPUT; ++i) {
float sum = 0.0;
for (int k = 0; k < WIDTH A; ++k) {
sum += a[j][k] * b[k][i];
}
r{j1[i] = sum;
}
}

D EF AT P w x nZrR I RE— i Twd HRE, T8RS Hw x nZR —DwiTnd I RE . FA TR I &
WbRIC i, RS T k2 B

@ VEHEARZT NG, HFRIRIE N FATHESINICE ., THEFRITSHG HERREFESATHI0 TR RO
WO, IS EEREY ., —iF&ETE
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SIS L, BEE AU, AR AT R SR, O I A e i SRR R T RE
CPUMJ,

FHATREMETRE
N R TR ARE R AU

DataParallelism/MatrixMultiplication/matrix_multiplication.cl

Line1 __kernel void matrix multiplication(uint widthA,

__global const float* inputA,
__global const float* inputB,
__global float* output) {

int i = get global id(0);
int j = get global id(1);

- int outputWidth = get global size(0);
10 int outputHeight = get global size(1);
- int widthB = outputWidth;

float total = 0.0;
- for (int k = 0; k < widthA; ++k) {
15 total += inputA[j * widthA + k] * inputB[k * widthB + i];

}
output[j * outputWidth + i] = total;

-}

XA WSRE— RG2S st R 128 [alH a0 B S b B AE M i —AN e
#. WEE P get _global id()BRECKIKBCYRTINE (6. 74T ).

Vi Hget _global size() Al ARRAF R G55 [/, PIAZFI X AN B o] LAAS 31146 H 46 14
BRI (559, 1097 ). [AIRH/558) TwidthB, - HE SoutputWidthflZ., Atk REKES
AL AwidthA,

14T I TEFF 2 B A TRRASAR RS H (1 Y G FA
ZUER, BRSO X EER S .

output[j][i] = total;

{EL AT LA — o] B3R 0 2 B s -

output[j * outputWidth + i] = total;

XA R LAY EBLRR 5 HE R AR AL, ME— AY X 5128 JH c LEnqueueNDRangeKernel ()
e @

DataParallelism/MatrixMultiplication/matrix_multiplication.c

size t work units[] = {WIDTH_OUTPUT, HEIGHT OUTPUT};

CHECK_STATUS (clEnqueueNDRangeKernel(queue, kernel, 2, NULL, work units,
NULL, ©, NULL, NULL));

ME— X2, B FOpenCLAYZATE X ANGESE
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B iR G| 250, TR Ework dim( 530280 9{E A2, I global work size
(ESPSH) BE N o0, Z T UBURR T B—4E R K,

HOEME R PERE T4 R, XA B RPERERR T . 7EFR Macbook Pro #5200 x 400
HO%E I 5300 x 200095 FEAHFe, CPUAEZ: 766 ms, MGPUEZ T3 ms, PERESETF 7202145,

T IX AN AR TAR KB TAE R AE AL FRERE L, PRt By A2 i) K500 1) R AS % pe ke, 1)
AEARTHR KA MERERR T, 7EFRAYMacbook Pro -, ¥ E HIFFEE2%2 ms, HBGPUAE 2 St [a]
35 ms, A 1345 HEREIR T

FIEATH L, A—EHEH— A B3R A OpenCLARMERGPU . X AR KBLSE, K
T TR e E — > EVLIESR Wﬁmma$ﬁﬁ&%o
FigEER

OpenCLAR I T ZFHFAEMIF G S8, W& MEAMAPIN S A A% BI4n T x> e, H
i1t clGetDeviceInfo () KAl —MEESE, HUFFPEELHE L .

DataParallelism/FindDevices/find_devices.c
void print_device param_ strlng(cl dev1ce id device,
cl_device _info param_id,
const char* param name) {
char value[1024];
CHECK_STATUS(clGetDeviceInfo(device, param_id, sizeof(value), value, NULL));
printf("%s: %s\n", param name, value);
}

AFRSEISEREA R (FFFE . BE size tHES ), Ed—RVIELIM KL, 7]
DA — MR E B ISR

DataParallelism/FindDevices/find_devices.c
void print device info(cl device id device) {
print device param string(device, CL _DEVICE NAME, "Name");
print device param string(device, CL_DEVICE VENDOR, "Vendor");
print device param uint(device, CL _DEVICE MAX COMPUTE_UNITS, "Compute Units");
print device param ulong(device, CL DEVICE GLOBAL MEM SIZE, "Global Memory");
print device param ulong(device, CL_DEVICE LOCAL_MEM SIZE, "Local Memory");
print_device param sizet(device, CL_DEVICE MAX WORK_GROUP_SIZE, "Workgroup size");
}

APBEERS A — 1 find_devices B s =l X A A9/ CHS S 2 if) 7] FH 197 & fik &
. 7EFMacbook Pro iz fTiX BEREIF 215 8 L P

Found 1 OpenCL platform(s)

Platform 0
Name: Apple
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Vendor: Apple
Found 2 device(s)

Device 0

Name: Intel(R) Core(TM) i7-3720QM CPU @ 2.60GHz
Vendor: Intel

Compute Units: 8

Global Memory: 17179869184
Local Memory: 32768
Workgroup size: 1024
Device 1

Name: GeForce GT 650M
Vendor: NVIDIA

Compute Units: 2

Global Memory: 1073741824
Local Memory: 49152
Workgroup size: 1024

HopH— P75, SL2EIAR Apple OpenCLEHL . iX M F-H4 M % : CPUFIGPU,
oAb K — LA R S

Q OpenCLA Hii Hl FGPU (ifi& FH FCPU, LAK & FOpenCLANE %R );

a K Macbook ProfJGPUA P~ BIT ( compute unit ) ( #5227 24258000 );
0 X PGPURY L RN ( global memory ) A1 GiB;

Q SR Y IR NAE (local memory ) A48 KiB, 1] SZHFH TR0 & A HUHEE 471024,

N HULAHS A 4 OpenCLAF BRI AFRERY, LA EN TR 520

OpenCL # A F CPU, IR FARABEE, FREAK CPU L HBHFTHLSL
ZARKBE T, 4o Intel 452 B3 £ 4% X SIMD 4 454 % (Streaming SIMD Extensions,
SSE) e @ A% ¥¥ K454 % (Advanced Vector Extensions, AVX), OpenCL 7 VA & & ufd
Rz sy R 4G4 % Ao % 4% CPU,

FaRil

OpenCL- & £ 5] — PR EME R EVMR. BNEEEHAE ISR+ Er, &
AV TR Z 4L BT ( processing element ), 1E 7-67 71 .
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////Hﬁéﬁ
\\\\\‘%@ﬁ%

F#L

E7-6  OpenCL -5 #i#1

TAETBURAEAE BT RATIY o FEIR— SR RT P AT I TR SRR T4, — 4
TARE P TARSUL RN AE . F K/ ZOpenCLIY P AEARAY,

pe2itid]
TAEPAT AR FAT, S lal PURPASIR] ) P 77 X 38
% £ W A ( Global memory ): [Al—A~ % EHATIIITA TAEIER AT LA A9 77
%% W4 (Constant memory ): 4 JRNAFII—i4r, TERAT PIAZIHRRRARE

k138 W % ( Local memory ): TAEHFAA BIPAE, AT TAE4 R R AR 2 M) fod (S (R
JE 22 ).,

#4 M4 ( Private memory ): T AEWIRAA (IFE.

RLE A ST 8 A AL THRAE, ALRHRAETT LUH TR 2 8. F—394 0 4 Al Scai sk
PEIFAT R FL faT R
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OpenCL #5-F & 11 fo 1y 448 B H IR ALRE B4 89 TAF 7 X, €1 R R RERM 69— |
fb4h §—— ) 8 OpenCL & 44 % A R #9404, |

4w, ¥AF OpenCL % & 69 B3 N 42T H L AAKH N, fJ—FRE&G BTN EHE
BAEI 2B R AN ALK R AR RN DR AA, BE—HREN IR
| EMAAN, f
: AR b6 E R AL OpenCL R M & L& &, FiLiXxAd 7 AE60A,

fE MERFATHEITILRIRAE
AT B R AR BUNTR A, HAEmin () sRECOHE A HET T .
SEH A TR S B

DataParallelism/FindMini

cl float acc = FLT_MAX;

for (int i = 0; i < NUM VALUES; ++1i)
acc = fmin(acc, values[i]);

SHVERR HOF T ——3— PR — AR, B TR
ER—TARER T RIRAE

JRGR I E (RYJF2 R ), BATRAT RS H—, BRI TR M EUE 2005
Iy o, BEERIBARMITTENERERS, LUE—A TR LA R, fEXFRi T, 52
BUERIRAE RN AZR -

DataParallelism/Fin
Line 1 __kernel void find minimum(__global const Line 1 float* values,
- __global float* result,
_ local float* scratch) {
int i = get global id(0);
5 int n = get global size(0);
scratch[i] = values[i];
barrier(CLK LOCAL MEM FENCE);
for (int j =n/2;j>0;3j/=2){
if (i < j)
10 scratch[i] = min(scratch[i], scratch[i + j1);
barrier(CLK LOCAL MEM FENCE);
}
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if (i == 0)
*result = scratch[0];
15 }

A R = AR B
() N RHTER RSN (scratch) EHIBE (617 ); Q) HATLFIERME ($8~1217F );
3) KL R R B /NS (551417 ).

L RTHRAE AR B — DT UF BT | BRI AE BRI 17E /4 Clojurefreducerfi UL %
(ZW3.3%), WE7-7H7R.

)
o‘ig;;

[]

[E7-7 AL T

BHIER—IR, A0 TAEIUR 2R 3G Me——Tr R A i<j i TAE A S b T8 (X ak
S N2 BB B BT R AU 209 36— X RE R RE — BN AT — 0 T A FAE O R
o 29 R — AN S0 TAE A 1R S AR R L A0 s 8 TAESE B3R hER 29 T —Wmin ()
FE, YRR S 0 — BRI o R, TR/ NS . MR BEIRRT, scratch$d i
BT LA AE S, TR —A T R sokx NS R E HlF resultHh,

IXASAZ 5 — A R A Hd ] T [RZEBERE (barrier ) (55747, S8 1147) SR[EHEXT R
NAE )

BEZE5

R e (barrier ) J&—Fp[R2E FB, FIRIMEZA TAEI X RS AAE R . anse T4
h—A~ TR T Tbarrier() . B4z TAEA h HAD TR ESE A TAE [ i barrier (),
A GEM ST S ARLETE N IAT CX Rl a7 L FR- e rendezvous, BIZSE ). TEFEATAL T HRAVERT,
XS P
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O 7EFTA T AR 42 Ja PAAF (i Ja) 50 P A7 2 0 B0 0 s Ve 4R 8 L2 i, B ORAE — AR IUER
REFFEIATILRIRVE, Wl T T TAETERSE RS e A Z 0, (F— TAEEA S
FHRSEn+ 151G,

Q OpenCL H4RME T FEAA BN —EME . X TF2.2795 /28 ) Java N AFAR Y A A7 1] DL pE——
— AN TAEIT X R N AEEA T B SO A RUEXT 5B — N TR AT 0L, BRelRAL T Sosb R4
FeanfRIA BB . FrLA, ZERRRAEALE i A TRIE BRRRE , 0T AGRIESE e PR ER A 25 XS S+ 1

R FTA AR AT AL,
BITA
BT W7 2 53 Z HiE RIS —E— 9 D= anfel 1 Jm A7 IX

DataParallelism/FindMinimumOneWorkGroup/find_minimum.c
CHECK _STATUS(clSetKernelArg(kernel, 2, sizeof(cl float) * NUM VALUES, NULL));

i clsetKernelArg()if, ¥farg sizel & NWEAFIXAI K/, ¥farg valueikt B ANULL,
XHEFEANE T — a7 1X

BAEC L IH— TAEHMA TR EERAE T o A TR K/ INEFALERREE (Hedn, 3R
Macbook ProfJGPU b AL 102440 %K ). T HEE & Wil 24 TAEH SCBIF17.

ERAZANTIEEF T ERE

BRI TAEHMA T EHRE, B 2R AR AT 95 e far, & 7-8Arr .

E7-8 A TAREFT IR AT
RO, AR TR — A B4 ME, I KB N E 2 BAL R i — M
N/6ARIEIEH . X METRE B S UG TR, S BG4

BMEIX — 5, BT X NS E ek, XFEAREAL IR TR ( TAE414 2 0] 8 i — N
43 )e R, OpenCLZ SR PIDIAG TAED, XN IDE TAEBAEX N TAEH P ID, & 7-9f 7.
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£ RIDO
<— SRR/ >
TieEp0 || rjepl | Lfemin2  |e e e CfEgbn
T@ JRE RN 9‘
JSEEIDO
K79 TAE4 Y RFEID
XA T JREID:

DataParallelism/FindMinimumMultipleWorkGroups/find_minimum.cl
__kernel void find minimum(__global const float* values,
__global float* results,
_ local float* scratch) {
» int i = get local id(0);
int n = get local size(0);
» scratch[i] = values[get global id(0)];
barrier(CLK LOCAL MEM FENCE);
for (int j =n/2; j>0; j/=2){
if (1 < j)
scratch[i] = min(scratch[i], scratch[i + j]);
barrier(CLK LOCAL MEM FENCE):
}
if (i == 0)
> results[get group id(0)] = scratch[0];
}

fEZHifget global id()fliget global size()AY{i %, FeM19H T get local id() i
get local size(), JHAMHRET TAEWARXS T TAELLR LG & WIDF TAEH K/ 1EKE
M4 RN E HI B RS AERT, {558 fget global id(), Tili] results ¥ 774t St il
Hlget group id().

T EESCENRRT, B AE RO T AR -

DataParallelism/FindMinimumMultipleWorkGroups/find_minimum.c

size t work units[] = {NUM VALUES};

size t workgroup size[] = {WORKGROUP SIZE};

CHECK STATUS(clEnqueueNDRangeKernel(queue, kernel, 1, NULL, work units,

workgroup_size, 0, NULL, NULL));

it local work size®i% & ANULL, HIRAFIAH —FE, OpenCLY-54 A EGIETIAN
EIEHCRN TR, it 0% E local work sizefOfE, #iff TAEAH M MBI ERNTNZNE
KO, BRNBOEREIEN—XTAEEX MR L, SUATHE “EREEER”

)

Y

(D local work sizejiclEnqueueNDRangeKernel () 456/~ 5%, —iFH ik
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FEoXRRL

RATFEM TE KM, =K — R A F, HEFHOpenCLAC BB K,
I 5 OpenGLAE 3 it R 25 5

B_REMNFRTHA
OpenCLZE X T —S6 I TR Z AT ROMES, BT a . ATy,

O TAEWEAEAL BT R AT o

Q 2T AL TR HIT,

Q R — MR T AT B — 20 TAEIUE i T AR .

O — AN TAEL A ) TAEIUZ [ R A Tl 5, R R B Rt A T 5 R 2, PRIk
—ﬁ‘lﬁi o

g-XB3

Ak

O BINER T, 2 AL F AT a2 0. - TRl AT 2

O A2 RFEAHELFIIE (event waitlist) 7 X F— AT 64 AFIRa4, QA
HOFERFYF R PR AT R ALY

Q clEnqueueBarrier () &4 M7 [R5 BIE H FTRds 5t BOERE1 R GE
FAaTFhiz 7

SR

O BULEIE G, FEHSZFHMERACE, MIARIGHRR2F T IE,

O BsLfRismplF, HHEZRZ NS, R EAE— 2R OpenCLAY &, tunl LAfd
FHCPU, = # fclCreateSubDevices () XM GPUF T/ X . IR 5 M EOIE— A
B8NS, JER D)4, Ao TAEWUE—A & LT, 15— 4 TAEW7E 5

— AN AT, IR A AR Z [ A 4E

Q & KE/RAFEEEIEE FR, ALK FER—T, REENAMREH TR Lokt
AT AR . TEAR & EREIHAL AR 2P XUTEGPU L3 B Ak 7 2 75 R A
ié HFCPU?

7.4 $ZX: OpenCL 1 OpenGL—2 %7 GPU HiE17

A RIN TR 5 e— 58 # 1 OpenCLIE ] , ExﬂHA%EﬁEﬂﬁ,#%%%ﬂm%oﬁ
AR, AML2E T WA — DA I T O IR, 3842 > T H OpenCLAIOpenGL
%ﬁhﬁ,%%ﬁdﬁmmﬁmmi,um*tTﬂﬁﬁLZ@Eﬂﬁﬁ%%%o
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Y/ & %44

AR P ER 0 B EBUR K IEEL . BARIX W HA S50 R4l, ABAE AR P i — R
RS T —— LR o A I T

LWJGL

A, AT A FCIE = % i FlJava B HXLWIGL( LightWeight Java Graphics Library )
FEY, XHEREE A5 A8 EF S IGUL

LWIGL%¢ T OpenCLAOpenGL, Javafe ¥ 1] L4 iz & 3k f# FHOpenGLflOpenCLAIC API,
OpenGL M #4 FK I 3l 15 OpenCLEK 2 K%, ¢ 521z 177EGPU | #OpenCL % AT LA 458 FH
OpenGLIZEAFIX .

i FHLWIGL# 5 (1) OpenCLAC A5 5 2 A CHE 5 MRASAUACAS 432600, e, Fra s+
i1k OpenCL |- N3¢, BABILL KN #

DataParallelism/Zoom/src/main/java/com/paulbutcher/Zoom.java

CL.create();

CLPlatform platform = CLPlatform.getPlatforms().get(0);

List<CLDevice> devices = platform.getDevices(CL _DEVICE _TYPE GPU);

CLContext context = CLContext.create(platform, devices, null, drawable, null);
CLCommandQueue queue = clCreateCommandQueue(context, devices.get(0), ©, null);

CLProgram program =

clCreateProgramWithSource(context, loadSource("zoom.cl"), null);
Util.checkCLError(clBuildProgram(program, devices.get(0), "", null));
CLKernel kernel = clCreateKernel(program, "zoom", null);

ATLIE H, XEARE L MBS EEMEN TCES AN, h THFESZEMNES,
tebnJavarb B A TR ENR), B R E BRI — Bk, 2TLLECIES S R OpenGL
WU i LWIGL B JavaiiAs 1) .

Fd OpenGL & R~M#&

FADFEAFTH AL Z BRI IS OpenGLITE . Al 5L 75 ZAL st i), SR AFREAT (1 1
TR R T R BUK BN RS, BOREAT R T B8 1325 11 19 OpenCLARES o

OpenGLI3D 2 — MM RS ZEAEIH, 3 = MAIEHED BN E 7-10 7 75 1 %

A LIPS R iR A =R S . — TR S84 4 X (vertex buffer) , H 2T 4 (7
IDZE NI E ) FIEES: — 1% 7144 K (index buffer ) , HoE X T 4] TR k2% =78

(D http://www.lwjgl.org
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@}7

U
(0,0,00 (1,0,00 (2,0,0)
E7-10 = MIEHES L R4

TEE7-100, THASOMINZE S (0,0,0), TWAIMMIE S (1,0,0), TiA2690 8 E (2,0,0), LU
BE2HE R A TS B AF X [0, 0,0, 1,0,0,2,0,0,0,1,0,1, 1,0, ...].

MFRFIGHX, - =ML TIN50, 1. 3; B oA=MIBMA T, 3, 4; 4
SEAMERIT AL 2, 4; DARCEHE, XRMRBIEGFEXE LT —NZAH4 (triangle strip ) ,
Hidid = A TE LT —A =M, ZIEMEA =M RFEEHSNE X—A S0, mE7-11
B

K7-11 =i

ABEERR FE LT —MeshZs, FARA: LT S A7 KRS | BAEX PREE ., Faft
T XA T —1564 x 64 IR, o Ayl 4 71 [ 52 M—1.0%11.0

DataParallelism/Zoom/src/main/java/com/paulbutcher/Zoom.java

Mesh mesh = new Mesh(2.0f, 2.0f, 64, 64); '

HAAN A E MR 20— 5 6 RoK i Sesh imint 2 FAEOfE .
A LA 2 85 2 il $1 OpenGLZE A7 X 1 .

DataParallelism/Zoom/src/main/java/com/paulbutcher/Zoom.java

int vertexBuffer = glGenBuffers();
glBindBuffer(GL_ARRAY BUFFER, vertexBuffer);
glBufferData(GL_ARRAY BUFFER, mesh.vertices, GL DYNAMIC DRAW);

int indexBuffer = glGenBuffers();
glBindBuffer(GL_ELEMENT ARRAY BUFFER, indexBuffer);
glBufferData(GL_ELEMENT ARRAY BUFFER, mesh.indices, GL _STATIC DRAW);
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XA B e FlglGenBuf fers () ABANEAF X/ ACID, Af5 HiglBindBuffer () ¥ HEH
SEF|—A~Hbs b, JfFHlglBufferData() N H I EWIHE. RI|IZAF XA 7 GL_STATIC_DRAW
Fric, BWETRAZHN (FS ), M F XM 7 GL_DYNAMIC DRAWHRIC, EMKEHE
E B 2 (9] K A 2R

FELBUK B BRIBZ T, Fessil— AR AR ) F——BI R A%, 1L B A fa]
(005 SN E LT g

M OpenCL A#%ifia] OpenGL £ FX
XN NAZ S T R BhAE -

DataPanlieIllml / I
__kernel void zoom( __global float* vertices) {

unsigned int id = get global id(0);
vertices[id] *= 1.01;

}

HBHR—DTUAEFX, AL SAF X R RARIAL0L, BRI AZN 2R R
HE A BUBK 1%,

N T REH TR S XA A A, BAIH—OpenCLEAF DO T | X AN T ZAFIX

DataParallelism/Zoom/src/main/java
CLMem vertexBufferCL =
clCreateFromGLBuffer(context, CL_MEM READ WRITE, vertexBuffer, null);

TE 57 T4 il i EEFAS ] LAGE FHIX DN AR X 42 .
DataParallelism/Zoom/src/main/java/com/paulbutcher/Zoom.java ,

while (!Display.isCloseRequested()) {
glClear(GL_COLOR BUFFER BIT | GL DEPTH BUFFER BIT);
glLoadIdentity();
glTranslatef(0.0f, 0.0f, planeDistance);
glDrawElements (GL_TRIANGLE STRIP, mesh.indexCount, GL_UNSIGNED SHORT, 0);

Display.update();

Util.checkCLError(clEnqueueAcquireGLObjects(queue, vertexBufferCL, null, null));
kernel.setArg(0, vertexBufferCL);

clEnqueueNDRangeKernel (queue, kernel, 1, null, workSize, null, null, null);
Util.checkCLError(clEnqueueReleaseGLObjects(queue, vertexBufferCL, null, null));
clFinish(queue);

YYyYyvy

X BACUISEOpenCLIN K f#i FHOpenGLZEAF IX Hif , # &1 ] T clEnqueueAcquireGLObjects ()
PEATH I, REHXTEFXEINZN—S8, R UHT—FH 8 T clEnqueueNDR
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angeKernel(). f/5ifiidclEnqueueReleaseGLObjects () KBEMZEEIX, i AIclFinish()
R EFF RS BAS B 221 T5E K

BT BN, AL B — RS RITRTR D, EHRGEIOR, B — A FE 7
HH =AML

BATE LT T — R A shiE, HBOpenGLHFIOpenCLES S E—iHd ., #5 TR0 LA &
Z2 B AZ KA BRI T

THEKRY

BAEE IR U7 EK B S B8O 1o BN ESGRMIASE0RE L — D 8 e 4 (7
& RI2DE) R— DT BT . (245 AR SRS — A48 1 OpenGLIA &S B 17 X HH5 £ |
— N ERYHP OB L B — R (BB S R R )

DataParallelism/Ripple/src/main/resources/ripple.cl
Line 1 #define AMPLITUDE 0.1
- #define FREQUENCY 10.0
- #define SPEED 0.5
- #define WAVE PACKET 50.0
#define DECAY RATE 2.0
__kernel void ripple(__global float* vertices,
__global float* centers,
__global long* times,
int num_centers,
10 long now) {
- unsigned int id = get global id(0);
- unsigned int offset = id * 3;
- float x = vertices[offset];
- float y = vertices[offset + 1];
15 float z = 0.0;

vown

- for (int i = 0; i < num centers; ++i) {

if (times[i] != 0) {

- float dx = x - centers[i * 2];

20 float dy = y - centers[i * 2 + 1];

- float d = sqrt(dx * dx + dy * dy);
float elapsed = (now - times[i]) / 1000.0;
float r = elapsed * SPEED;

- float delta = r - d;

25 z += AMPLITUDE *

exp(-DECAY RATE * r * r) *

exp(-WAVE_PACKET * delta * delta) *

cos (FREQUENCY * M PI F * delta);

}

30 }
vertices[offset + 2] =
-}
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T AR SRR T Y T TS Al Ry B AL B (BB 13 1447 ). PEFS (3517~30

1) R TIAAE OIS, 2R XA S RS X (53147 ).

FEARER R, ARUAG R T — TR R RO AR S X Fa— X REIIKIEEL, BT
TS AT AR TR B AR L i d (552147 ), SRR HRUK S /U 42r (552317),
PABCH AT S BSOS & (552417 ), W 7-12F78.

KL g

d—8—0—
LRI

E7-12 KL &

i S TG 5z
2= AP Y cos(F 7o)

He, 4. D w, FEHH, SPHRORIEEIIREL | REERIE RO SRR | IS0 ST
BUHIMIAR

RREFTEBU—T FVRTF, IS

DataParallelism/Ripple/src/main/java/com/paulbutcher/Ripple.java

int numCenters = 16;

int currentCenter = 0;

FloatBuffer centers = BufferUtils.createFloatBuffer(numCenters * 2);
centers.put(new float[numCenters * 2]);

centers.flip();

LongBuffer times = BufferUtils.createLongBuffer(numCenters);
times.put(new long[numCenters]);

times. flip();

CLMem centersBuffer =

clCreateBuffer(context, CL_MEM READ ONLY | CL_MEM COPY_HOST PTR,centers, null);
CLMem timesBuffer =

clCreateBuffer(context, CL MEM READ ONLY | CL MEM COPY HOST PTR, times, null);
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HAE s BUBR I fish 28T A K L -

DataParallelism/Ripple/src/main/java/com/paulbutcher/Ripple.java

while (Mouse.next()) {
if (Mouse.getEventButtonState()) {
float x = ((float)Mouse.getEventX() / Display.getWidth()) * 2 - 1;
float y ((float)Mouse.getEventY() / Display.getHeight()) * 2 - 1;

FloatBuffer center = BufferUtils.createFloatBuffer(2);

center.put(new float[] {x, y});

center.flip();

clEnqueueWriteBuffer(queue, centersBuffer, 0,
currentCenter * 2 * FLOAT SIZE, center, null, null);

LongBuffer time = BufferUtils.createlLongBuffer(1)

time.put(System.currentTimeMillis(});

time.flip();

clEnqueueWriteBuffer(queue, timesBuffer, 0,

currentCenter * LONG SIZE, time, null, null);
currentCenter = (currentCenter + 1) % numCenters;

}
IR BITXBACH, ZUCE M, HaFAmE7-130mR 5%

P7-13  KieEL

FAVRI T —AEGPU L5800 T — PRy 1 il I T AT TR EL, BRI i




194 % 7% HPEHAT

7 73DATAL. (BRI LT E R BURHIEGPU L, ATEZRAVEHREH .

E=RBE
FAVFER T8 =R, [FBESHR T HOpenCLYEGPU b #EATEEEIF1T RIS .
B=ZRENZFRTHA
fEGPU I 171OpenCLARL AT LA B #0E FH7E [Rl—1GPU_Liz17 i OpenGLER FF UG A7 IX . 3
e 2252 TLUF %
Q 7EOpenCLH fficlCreateFromGLBuffer () A—OpenGLELE X G755

Q FOpenGLEAF XA WS EUL LA W AZHT, ffH clEnqueueAcquireGLObjects ()24 Hiih;
Q WS4 HET, {fHclEnqueueReleaseGLObjects () B ZEAEIX .

F=XB3

4L

Q fFaZE{%%% (image object) 7 E MOpenCLINGAF X MR A AKX G7 BATES
OpenGLAE B}, XA iEH?

O fHaRKHEA 4 (sampler object ) 7 & 1& H T p A4 FE [ (] 817

Q 2427 FeR%L (atomic function ) 7 fHAGR T &R F RO L 5 pE?

i

Q EAM R FREMEN T, IR, 2R X (BEGEEH0~32),
it A7 X P AR M BR O g B . SR B B0 R 3 4 0~1024,
WE IR LGS &

O f FH R R B B A Bk T A IR, B AN TR .

75 B3

TR, fE— LT IFATA ERIHE PRI TR B2 . AddEdAREN¥, &K
2 T 2V BRI AT ——FAEE SR IR TR, T LIR KM AR, A R F RN %
HicRE A C W TAEM S,

R

BHEIHATAR R IE A TR BESE, JOGES TR TRITE L ROj a8,
WA . AIRITO T . VAR, BHIGR K . BRI . MM,
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GPUARN LT KA BE I B 8%, 7EREFRE L BB AR, LA FECPUA EMLF I
GFLOPS/watt #5F7. t# Rt 9 pLES 2 @ FHGPURL & TSR I F TP g, Hirp
fERETE bR 2 — N EE A A

R

B Tt , SEHER M UUEGPGPUSRE, 1S H A9 Fir I BEBE . (HEIFAEH T
FIeA IR . (EAG— R AR, BORAPEARE AT 0T LA — SRR A ( e [ 2R3 = AL 2 ),
EX O AR 5 — A1 T HAEA K 2 HOCTE I R BUEAL 2.

Xt OpenCLAAZ AT — BT . BEff 1 IRIZ2EM A48 A A ROt T, ansk
B R G B CRS, SierBmn i 2. e aing, A EHLEBR & b S i SR
SHFER AT ], X 205 E B IATMI A TR A5 i

HiiES
GPGPUHESLIAf1F5CUDA” | DirectCompute ' A 2 RenderScript Computation”
&g

GPGPU%i 2/ NI R B I A TH AR B9 ) 7 —— i/ LR, R 2Rt TE— &It
BHLLE. T—FHAPR > LambdaZ@4s, (EHIE AT LAKHEL (BSBE QAL ) B IFT
PR,

(D GFLOPSJ&: HZ Wi 24123 /80 ( giga floating-point operations per second ) (45 . GFLOPS/wattfi:Ffl T fGPUZL
RELLRI AN, ——iF T

@ http://www.top500.org/lists/2013/06/

(3 http://www.nvidia.com/object/cuda_home_new.html

@) http://msdn.com/directx

® http://developer.android.com/guide/topics/renderscript/compute.html



LambdaZE

'4\ 5 ot |

AR A — R ST E R —Iwis 57—, 18R MR R ERA—Zik, MRLEE—D
bR, RREFAIIER T, RIEE SR 2 ml 2 — L8/ N 4ot T A el

LambdaZ2#4% F T 28U 77, BEAEHT T AT LAEA T R MBS HEAL #E Y MapReduce i AR, 12
i FH T 7T AR AL BB T M SUBIR AL BRI AR, SRR TR REAS Dy ORI () S A R |
e RO RN A A PEARAR I T i T 2

8.1 FTHEREXRHIE

PTAERE, RECERT AR B R B b BRI ok T B ORI A TS8R, K%
Pl Iz M T IR — R R R U T LA BETBE % . LambdaZigtsy
JE— R RBAEAL PR AR, T Nathan Marz7E Back Type Fll Twitterff) 2856 5145 JF th M HE % .

5 E R GPGPUAFEI ML, Lambda24 tu i T BHEIFATHA . SGPGPUSGEAA],
LambdaZ8 14 J& 3 ££ R RIS S 50 3 BESR AR [l , & nT I AR AR A 2L HRsULE
BULE LAY SRR EEAT . BORMBORAME R T Z Fi R Sy RUASE Dl AT JC 12 it DR RO XA, 38 T LA A
H R RR P BRI T R R S

Lambda2#0 & TRZNE, A7 RMETHIF LEMoAa0E (INFERAE, i\
(%5 Nathan (i) 1 Big Data [MW 14] ), %f TLambdaZ2 g i Z40F, A BHMENEWHAEE
By. ftAbFRE: ( Batch Layer ) FUMEE/Z ( Speed Layer ), UNES-1/5.

AL 22l HIMapReduceix AL L A M7 S0 K AL PR LA T 5 o X A3
ORI EAE IR WAR g, LIS T — N2 , (P LAk P AR SE R 57 A MM S B B B0
PRSI . GIFXPIRRERR, BUAT LRI R A TR AR

ABEF AL, LambdaZ@ 2B ML E ., EUMBHMBARNEA, HphRELMH
JEMapReduce. #—K, FRATH 22> MapReduceti AR, 1MZHAFE KA R, 8K, HE¥
SEGUEE FZ G0 b YA, SR 5 27 2] 7F Lambda 28 44 it A 38 22 4n ] {8 FHMapReduce £ A fiff Pl ix 46
)R, 55 =K, “F2JWAFEECAR, LAS A el (i X I H R fg s k2, X FEHE AT LA —%iLambda



82 % —X. MapReduce 197

BRI ST .
HeabE 2 | ftAeEHA
\/‘\
IR e #hR
\/

FE8-1  HtLAbFRE M=

8.2 Z—X: MapReduce

MapReduce & —1~% XARE ., Hal IR —BE T, XREERS ML, S — 50
LEM I e T (map ) #2:4E, RGN (reduce ) #4E. ZATHYIRAINIGE A4 pR B AR AR
EREFER BT ( frequenciesylifefreducerRESENAY ). FATTEI 3T hititid, KSR
IS5 Ak 18T 79 25 ) — AL 2 2 TR TR

MapReduceif i] LMSIU— KRG —X R RAMA 1 EEAR G, K+5ad i maon s 1 2]
—MERE Lo X3 RGEAUAT LUK RO A A B BRI IO 2 DL L, BT A — Rl
AL BN AR SE I W B

2 MapReducefd{C—2 R G, 1] LT 2 Google & B . Bk T Google, fi i 17 YMapReduce
HE4E -Hadoop? .

A KNG 454 i i A4 Wikipedial 5 45 #9611, i Hadoop 3 B — 1~ il MapReduce (#3117 i
A%, Hadoop X FF L Fi4mfeis = —HK ATt MJava,

T “Lambda R#)” ALK F AR, KAHRIFHMAERA T Lambda RAZ
5C Nathan Marz":

Lambda R4 & & T ¢ 5 & B XmAZ 694000, A A L, Lambda 44 2 45 3% &

(D http://research.google.com/archive/mapreduce.html
(2) http://hadoop.apache.org
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T % F X IB—Ail A H ik, (B L. The name is due to the deep similarities between the
architecture and functional programming. At the most fundamental level, the Lambda Architecture
is a general way to compute functions on all your data at once)

a. hup://www.manningmdbox.convmmsage.jspa?messagelm126599 :
T
TF & FikliAMapReducef 7 (YR 52 7E A M2 fTHadoop . B 7E —NMERE |12 THadoopfE i 3=
TR —— AR E A LSRR E T EYUORHE - ERE, W HRE R —
B, %% BB M4EP Hadoop SE fE T B A B YRl Fkg /.

SEIBRE, o EARM THERGE . R a LR %, K EE T —REL. T
HFZ 2 MR BN B T Hadoop RV IR ST, ROKTRIAL T SERF A IC B AN AR .

FR A 1K fifi H] Amazon Elastic MapReduce ( EMR ) [ %5 Hisf7 A Z A1, Z G #H¥ (EEMR
A TEERERIE B . 45k . BB SEERAE, S 60 R R R RS F T T HadoopE .
N T BFTARZE RG], 75 B d M — 1 Amazon AWSIK 5, H-4:% AWSHIEMRAT 44T T H>Y,

.

Hadoop — A M Atk I —£REAGMASKR A, ABBEEHLEKRARKTHA
0.20.x, 1.x, 0.22x, 0.23.x, 2.0.x, 2.1.xA=22x, XELKRAKIHHE API, —&£% “a” &
API (org.apache.hadoop.mapred &), % —%&& “#" # APl (org.apache.hadoop.
mapreduce ¢.),

% sk, A~F) #) Hadoop & 17 #& 24T & Hadoop £ AR Afe— £ 7] 05 % = 7 s fF *>C,
AT FAAEM 8 69 APL, # 4 Amazon3.02 AMI (Hadoop2.2.0%) bk,

a. http://hortonworks.com

b. http://www.cloudera.com

c. http:/www.mapr.com :

d. http://docs.aws.amazon.com/ElasticMapReduce/latest/DeveloperGuide/emr-plan-hadoop-version. html

(D http://aws.amazon.com/elasticmapreduce/
(2) http://aws.amazon.com/cli/
(€)) http://docs.aws.amazon.com/ElasticMapReduce/latest/DeveloperGuide/emr-cli-reference. html
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Hadoop &t

Hadoop#i i FI AN BRI B EE  T B, A SRAR B AN 2 AT 19 i SR i SR R B
ARERASE A 8 FlHadoop, HadoopfRCRIR H T e M8 - PG 3 5I5C 45 2 B THRALH T AR 3,

HANVREGFE5], —1MapReducefT55 A EZ W44 : mapperFireducer”, mapper
TR AN AN CGE R R SCAR ) MRS IFZAR(EXT o reducer it TR S0 5 X 5 40 A B 28 1)
i Ag = (B R — R 5EEXT ). mapperfllreducerf] LA A 7ERZ AR ENL E CETHY

BHEHAUHFR ), anEs-28R,

LN

=

Mapper

Mapper

Mapper

Mapper

PR3 SU B X & 3% Zireducer .

—>mapper/= A BN 1T LA & 2528 22 reducer., SE R A9 E T WP reducer &3 XA
A X ——Hadoop i £ HA A R 48 A BE(E X ( IS J2 ti W mapperf= 4= 1 ) #4 & 1% 45 [al— 4

Reducer

Reducer

Bt
/
0
8
0

Reducer

[%18-2  Hadoop%i4f i

Han AGHH H— AN a2 AN RSO SO A . Hadoop X i3 6304140 i (45— B R /N2 Tl g
B, #E 64 MB), MRS R &% 4 — P mapper., mapperkiii i — R 5 H{E T, Hadoop

reducerZb 3 . XMW BGE HBEFR A M M-E ( shuffle phase )

O ZHi Y FE 5 mapperflreducer4r A1 K “MLHAE" A1 (LIRS, AP T RlHadoopt e 44 341 , {81353 4

PR, —FHE
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Hadoop 5~ FH— tkreducer, JE4 A AT 51280 R (A . reducerifiXSefH &I, H4
R A AR Gl R R, al RAAS L)

PRI WA —2 B 4 1 Wikipedia i A G0 911, BEAE RS2 B E U Hadoop A .

8%+ Hadoophl 4

HTibRAE R, WOV TRE R Gt LA SCAR X i ( Z e 2Ry R
PGt itWikipedia dumpfi i) 4 )

A4 iy mapper BER 22 Ab 11 SCAS LD A R iin] L P SRR A AR A B . BRE T
SRR R A B (S AL R ] A A reducer2E XHAH G 1 T A R X (B E
FroRA, IR AR 2RO O (S A ] 7R R A A P BRI, N 8-3
7 o

("one", 1)
("potato”, 1)

— —>] (two", 1)
("potato”, 1)

one potato
two potato
three potato
four

("one", 1)

("potato”, 6)
("two", 1)
A1 ("three”, 1)

("five", 1)

five potato ("potato”, 1)

six potato R ("six", 1) /
seven potato ("potato”, 1) ——3> Map
more
------ = Reduce

[#18-3 iz i ) Hadoop it A%

Mapper

FATHIMap4k 7K T HadoopltyMapper s, M4 Z (U 240 S ARYRESETY | My AR (E 2 |
B AOBEE R | Hh O e

LambdaArchitecture/WordCount/src/main/java/com/paulbutcher/WordCount.java

Line 1 public static class Map extends Mapper<Object, Text, Text, IntWritable> {
private final static IntWritable one = new IntWritable(1);

public void map(Object key, Text value, Context context)
5 throws IOException, InterruptedException {
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String line = value.toString();
Iterable<String> words = new Words(line);
for (String word: words)
10 context.write(new Text(word), one);
- B}
-}
Hadoop#& 7~ fiil A Filf B 75 2 H A O A EHEER (CRREEEMStrings(# Integer ).
mapper A0 B A2 SRR, AR, FIHAT 25 AR (FHobjectEL), ik

ABEER R Text, KRR Text, HEARIntWritable,

BAL PR AT ASCAR TR Z R —Wmap () 77%, MEARITHETUZ . B AR R
HlavafiStringZ&R! (3717 ), RS FAFER I 8R (3817 ), Hmil P fin), hig—
AR A R R BB, HCBR BRI HAERWE (551047 ).

Reducer

AT Reducedt 7k T HadoopfyReducerds, SMapperZ&fil, HZHtifliid 1 A H i
BT (A eI R Text, HEEESEIntWritable ):

public static class Reduce extends Reducer<Text, IntWritable, Text, IntWritable> {
public void reduce(Text key, Iterable<IntWritable> values, Context context)
throws IOException, InterruptedException {
int sum = 0;
for (IntWritable val: values)
sum += val.get();
context.write(key, new IntWritable(sum));
}
}

X FaEAMEE, #B2 T FH—K reduce () i, values XA~ I (19 T A (E A4 & . reduce()
Tr X AR AT IR, I A A A B ] H B S R B R

PAEE 2193 T —mapperfll— P reducer, F| T HTS#LEEIE#E— driver, XF:HadoopA
A A LB LA SR s R ok .

Driver

A 1A driver/&—~HadoopfITool, SEFL T run()Jy::

umbd;ao\rdqmWordi;ountlsrcln;glnljnﬂqomlpaulbutqherMordCount.java
Line 1 public class WordCount extends Configured implements Tool {

public int run(String[] args) throws Exception {
Configuration conf = getConf();
5 Job job = Job.getInstance(conf, "wordcount");
job.setJarByClass(WordCount.class);
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job.setMapperClass(Map.class);
joh.setReducerClass(Reduce.class);

- job.setOutputKeyClass(Text.class);

10 job.setOutputValueClass(IntWritable.class);

- FileInputFormat.addInputPath(job, new Path(args[0]));
FileOutputFormat.setOutputPath(job, new Path(args(1]));
boolean success = job.waitForCompletion(true);

- return success ? 0 : 1;

15 }

public static void main(String[] args) throws Exception {
int res = ToolRunner.run(new Configuration(), new WordCount(), args);
System.exit(res);
20}
}

X B RS 3 B Uk 5 VFHadoop TR ATTZEMA 4 . B 58, SB7ITAISE81TIXE 1 mapper il
reducerf25, ST RIZE 107 T E 1 4 AOERIS R A (E 2SR LEW\%E ¢ A RS R RE
R PR BRI M Hadoopih MR ATTAL BEAA & SCAR S W ASTS 5243 5013 B mapperdii HH (1) 58/
{H2E R Fireducerfil A Y FE/EZAY, R ERINTE AL T Hadoopih 7&] mapper i tH Flreducer i A H
A7 FA ) (10 S {2 7Y

. LTRSS 1247 15 KT Hadoop Al KA 4 At LA K anfari th&5 5. Bm . 581311/ 3h

Eé\‘)i %f#”%»m

MAEC L5 | — 1 7e % i HadoopfE 55, AT LU A —2E 8587 —F T

EARMIBIT

Sk SR A A HeiZ f FHadoopf T %5 . 1EAMLEATISBRFF R I ATIAT, IERE AR, gl
FAfF /MU BRI — T RF R BB AT IER . WA T 2R 5 8 A L AR T 0IE

FRAV T B — S SO M A . Anput STIFIe AT AN SCA S, G RIRE A7 20 #r i)
A

LambdaArchitecture/WordCount/input/file1.txt

one potato two potato three potato four

LambdaArchitecture/WordCount/input/file2.txt
five potato six potato seven potato more

FIRAN ABAER I, WIS & A, A 8 A SRS A Eﬁ‘i_fﬁ/\ic
A TS, AT fImvn packagedin A HEAT 4, HEIM TR 09 4 A 7E A Hb S
Hadoop 3 4 -

$ hadoop jar target/wordcount-1.0-jar-with-dependencies.jar input output

i Hadoopiz {T5E M. ¥t AT LA B —4~H SCff Foutput, HALG A I ffF—— SUCCESS A
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part-r-00000. SUCCESSHE—/~%s i, HEMHIFIRIESZITMII. part-r-00000/ N %
.

five 1
four 1
more 1
one 1
potato 6
seven 1
six 1
three 1
two 1

FME A/ NEIEMERFOLT . EANEIE TES RIERNE, AT EARIEMER L2
FIXAMES, AR Z A5 A

Ttk iz 2] T $r ek 0945 R R4 09 F 5 A4 - 4THEA 99, Hadoop A4 {3444 % reducer
WA AHITHA, TA—EHFTAARY, :

2FE G, RRBMEANES reducer ATAX R THEA, EHERHFI 2, KIAHA
TF reducer Z 8] & X iR /- 49, partitioner 284+ T A Fl FAEF X —FH, RABARE#iE,

f£FAmazon EMR_E{T

FL{F Amazon Elastic MapReduce |i217—/~Hadoop{E 55 AL IR I 2%, A BALSHEAITIE
EMR, [i{{A 48 —LE0h B 4015 .

i\ F0iE

EMRERIAAR S XF Amazon S3"HEF T4 AR . AL A RIS AIIAREL L B H 35 S0t SR TE
S3 k.

B, G — S A T SR SCF9S3 bucket. B T Wikipedia dump & XML {4 i AS 2 S04
S, FRUAKIER]. ARABRCE(RS T — 70 HExtractWikiText, LM Wikipedia dump
PRI B SCAR . SRIF, RRX S SR (£ 3S3 bucket . LRGSR IR R AVIARML T B HEF 5
—~83 bucketT,

(D http://aws.amazon.com/s3/
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Jo RAe EAE R AR, AR TR A —H RS K, T H B4 — A6 8t 49 Amazon

| EC2%:45), #|MixA 4] F & Wikipedia dump, RIRLAFH LA LRSI L, ELEFA,
| BC2AS3ZMARBHRE.

g
ki

tlE— R
B EMRIERA 2 ik—A B A EmA17 T Helastic-mapreduce:

# elastic-mapreduce --create --name wordcount --num-instances 11 \
--master-instance-type ml.large --slave-instance-type ml.large \
--ami-version 3.0.2 --jar s3://pb7con-lambda/wordcount.jar \

--arg s3://pb7con-wikipedia/text --arg s3://pb7con-wikipedia/counts
Created job flow j-2LSRGPBSR79ZV

R4 T —4N % Iwordcount F9EERE, HE&A LIS (1E£104 ), BALHIERZ
ml.largeZé#!, JHiEfT7E3.02 AMI" I, fJa LS8 HURTARBAES3 LA E | iy A%
FES3 A7 B RN H B AES3 I & .

s
B AERERT Ay A1 TIR [8] T —Njob flowIID, FRATTAT LARX ANIDEE 7 SSHi%#E, RSN A
IR ERE

§ elastic-mapreduce --jobflow j-2LSRGPBSR79ZV --ssh
BAEC A T E 6] EAa A T, B AE B ST DAXHE 55 (3 BE AT Mg

$ tail -f /mnt/var/log/hadoop/steps/1/syslog

INFO org.apache.hadoop.mapreduce.Job (main): map 0% reduce 0%
INFO org.apache.hadoop.mapreduce.Job (main): map 1% reduce 0%
INFO org.apache.hadoop.mapreduce.Job (main): map 2% reduce 0%
INFO org.apache.hadoop.mapreduce.Job (main): map 3% reduce 0%
INFO org.apache.hadoop.mapreduce.Job (main): map 4% reduce 0%

KELLER

R EIER, X Wikipedia#b A TRl SRS 7 B /N 22— . BT a, AT LAFEAR AYS3
bucket ' & FR £ 304
part-r-00000

part-r-00001
part-r-00002

(D http://aws.amazon.com/ec2/instance-types/
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part-r-00028

XS — RS TITASR . ISR, SEREHF R, (HEK AR
HEFPE) (B /hFrEm . SR —ERHFHHG? 7).

BAEC LT AGEH SO S a4 1, A id BRedf B B P40 1 Wikipedia dumpfial4. F T
KREEE LM

ALFEXML

XML HSE RS 45 A BRSO SO, B ATRATTAR 75 5 A8 3 R Ak B SCA SCR i =X
HKALFEXMLICAF . (HX R, [ ZHadoopBRIMBHERATRF X U T L 1T ] fil
SRR XMUARE .

98 Hadoop BRIA 1 A $2 1L EH X XML 43 %%, (B F]F % —4~ Apache il H Mahout "2 {it fiY
XmlInputFormat®nl LLAFIHI . KT HIXmlInputFormat, 75 E XldriverififT—LeMEny.

LambdaArchitecture/WordCountXmi/src/main/java/com/paulbutcher/WordCount.java
Line 1 public int run(String[] args) throws Exception {
- Configuration conf = getConf();
conf.set("xmlinput.start", “<text");
conf.set("xmlinput.end", "</text>");

Job job = Job.getInstance(conf, "wordcount");
job.setJarByClass(WordCount.class);
job.setInputFormatClass(XmlInputFormat.class);

- job.setMapperClass(Map.class);

10 job.setCombinerClass(Reduce.class);
job.setReducerClass(Reduce.class);
job.setOutputKeyClass(Text.class);
job.setOutputValueClass(IntWritable.class);

- FileInputFormat.addInputPath(job, new Path(args[0]));

15 FileOutputFormat.setOutputPath(job, new Path(args([1]));

boolean success = job.waitForCompletion(true);
return success ? 0 : 1;
-}
FEX B LS, ffifisetInputFormatClass () ( 5817 ) ¥iXmlInputFormati% & K4 #%,
JFHECExmlinput.startfixmlinput.end ( 31T HIEE44T ) SR&VRA B 28RN0 126 AY 2 ME 4
bR

frai#Fxmlinput. startff{l, RATRESHESH HTFR—XME f<text, B L EE

(D http://mahout.apache.org
() https:/github.com/apache/mahout/blob/trunk/integration/src/main/java/org/apache/mahout/text/wikipedia/XmlInputFormat.java
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FREFXMLAFRZE . XmlInputFormat X XMLIFASEFT 52 8 AT, 17 SR VC AL iR A2 E X,
M F<text>hr il LIS @ 1, FrAAGER B xmlinput. start h<text>, i 2 5 B A

<text.
BT EAE M — T mapper:

LambdaArchitecture/WordCountXml/src/main/java/com/paulbutcher/WordCount.java
private final static Pattern textPattern =
Pattern.compile("~<text.*>(.*)</text>$", Pattern.DOTALL);
public void map(Object key, Text value, Context context)
throws IOException, InterruptedException {

String text = value.toString();
Matcher matcher = textPattern.matcher(text);
if (matcher.find()) {
Iterable<String> words = new Words(matcher.group(1));
for (String word: words)
context.write(new Text(word), one);
}
}

A4 A PCECxmlinput. startflixmlinput . endbraE 2 (8] (9 SCA (4275 B DL AYFREE ) #4
WM. TEVEATELTZ AT, XBACHDE T — S E N A=A 153k LR <text></text>tnas ([ ik
textiX ME T EUNE ).

YR B 4875 & 3| driver P # ] T setCombinerClass () ( 451017 )k i% & combiner. combiner
TR L FBE, EEREXT AT LUAE & fereducerfT HEA TS IF (UNEI8-4/0 % ). FeikAT T — F ik,
TP s TR ] 1A 22 /N R 3455050

("one",1) ("one".1)

one potato ("potato",1) ("potato",3)
two potato - ("two",1) _ ("two",1)
three potato ("potato",1) ("three",1) \

four

("one",1)
("potato",6)

‘) ("tWO",] )
‘, ("three",1)

("five".1) ("five",1)
five potato ("potato”,1) ("potato".3)
six potato _ ("six",1) _ ("six",1)
seven potato ("potato”.1) ("seven",1) ——3> Map
more
—-—> (Combine
------ = Reduce

[¥18-4  fifi fHcombiner



82 #%—X: MapReduce 207

RN, reducerid (1 ] Fllcombiner—#F , {H 7E FHoAth 37 5 vh ] i st 75 25 8 0 119
combiner, 4i% & | —/~combinerfif, Hadoop fANREFRIE—E ST, ArbAasz e J A e 5
AR T2 758 ] combiner, AR T8 T 2/ K combiner .

— ANl #yiE AR 2 . Hadoop 991K % R i B 42— bdefe l— & 4, Hadoop T
WA &AL R BRI H B RAE, EARIASANKYE, (2T EA LImY,
O %P AKE & HIIHRGREN, FERRRER—A NV ELHRR", HL—
ORATHALGLR”, JoB—8& MG R AL K EAREAT, FLEA |
AURKLEAEAME, B, Hadoop £ &7 AA KRITEZf MR PR LAY, |

Qb E—&AmX, KMNAREH LW T EM K ELLLGE ST, EHREE
L Atk K 4 O B e TR GE 448 1 & K . Hadoop ZKikfk I Hadoop #F XLt R4
(HDFS), SAH RARIG2F XALHAATUALE SAT 5 ZH T 2 5%IE,

QFREFHAMNNA LGB, AARETA PRIRBERLERLEFAREAEGF.,
Hadoop £ 432 A2 F A4 4d 21 4 1 & HDFS &, X T AL A AR, TR 548
SEFRNES,

42 PRTIE, K EEEARR F MY, KABALERKEFRA T T4 Wikipedia dump 45 %

8] M G AR, XA A2 3T 5——MapReduce & A H443 697 — fE 4k 19X AN F IR
N CEE

|
|
l

B—RBL

BRI T o 5B RKIRATH2E 2T o] Fi Hadoop S5 ¥ LambdaZie ¥4 () 4t Ab 312

F—XEMNZFBETHA

B — AT 53 W — WS 4R A F— ML TR, fEHE A S 071 7/k. MapReduce, fE4<
Tl A XA ARIERHE — 2 STEOL . SR E R R R A | % LA RS 1Y
3R SE . Hadoopifl /& —1~MapReduce R4t, HAT LA .

O K AZrBC4A 2 mapper, £ mapper#fi £ e s —SEERE X

Q X EEE X SR % Shreducer, PRAERARRETHY BB LR — R HEEXT );

Q 4 reducer i N (B ASIRIAY PR e LA A 1)l ) SRR AR X B 2 & 16 45 W] — /P reduceritE 4 T

LI\EC)
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F£—X83
AR

Q [%] {% Hadoop streaming API ) 3C#Y , ifi if Hadoop streaming A] LA fiff Ff H fth i = € 2
MapReduce{F 55, FCL@IRuby. PythonikPerl.

Q [5i%£Hadoop pipes APIFY3CAY, ifidHadoop pipesh] LA C++E|EH MapReduce{T- % .

O ARZ ¥ T Hadoop Java APIFIE, FIHEN10T AR 5 #h B8 & 2% MapReducefE 55 . tb
W Cascading . Cascalogf1Scalding.

Q fEERGe iR iE T, EHRATHER T — 5 RN (AE T S——Hadoop A
AL 215 s T ). A AR L AR P ) H 75, B B Hadoop 4 {a] 8L ik B 7 4 L A4E 55
R AL, L IERA AN I 52 31 5 B 1 5 0

O PRAER ARG TR P RER A7 b 58 A HR T4, (HANSRARRNGE “Wikipediafi # #9100/~
Efta? 7, MW R —TREF . M Z%HEF (Secondary Sort ) A LAZREL 2 e HERF#Y
2R (M FRTFZ CEABUTEIR ),

Q Top tenti=UR MR “Wikipediafie & FHAYIR" XA @R 5 —F ik . FIAHX MR 2R
ffR—T

Q A LL[n) BT A B MapReducef T 55 K fifpth—2 H H B BB EZ/MES , fi—MEF %
IR fE —MES B A o LAPageRank 8.3 A, €1 —/>Hadoopf2 ¥ #1158 451> Wikipedia
U Y page rank, /DM ERUGERA GEIABIRRE?

8.3 FX: HIUNEE
WERK 72 T ] FiHadoopfE—MERE h #7471 5 - MapReduceid HI &R &£ 0]
B, A RKFRA ¥ ] 7E LambdaZ2 #4 5 fnifaf # FiMapReduce.,

ANit, fEIERF I ZR%EH T f#— T LambdaZ8fy B itk i) £ B ) B——E S BHE R G A
LA

R G HIRE R G RV ERPE
Bl REAZE—DHEE— M EHLAE I Z A0, B — R ST AE R AL BB . 144¢
BAEFEEHT— G5, (AREE SR A BBk B, BdRFEsLafE A Z &L,
R

FIFARAEEOAR CHEanEH] . 70 A% ) WTLOHE SRR Y R B Z it AL L, EEE A
BRI ECR ARG, AR OT R ROk M R B — R, SRR G
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EYRSESEERE

HEIP LA

Yedr— B 2 QTR EOE PR AR BRI . MR EER GBI ASRERHIL, TR AHEdHs
7R A5 N R AE—— LA B R AT BB b o BEE R R AR NN, AR &0, 1
PREHE— B TARAMERE AR & 2 LT R I

ERE

ST AN b i B SR 2 R A — S SR —— I R B RLE R A R A — S RL, LA
B R ST — AR o e (AN SERTR R o R A, MU e A ). B 5 )
BRI (BIAnXT 3 55 003 ) TERUR > F R Gk ] . Rl R AR e S A i X
AL PR 5 FFHEAT R X SEERIE N T R SRR R AR, N T RS B T RE

AREEIR

THERSEYERTR A 5) B2 WS BB NN B R o VR 2 B BOBREAN 2 TP Al 2 i), T2
T EE A SIT RA GBI AN FRT R, REHESE, XERRA A REESL, @t
BIRFRIRE, (EARTAFREA ARG M, A—T, WRA kT LA R8s
WRARG KT KEFRE AL, FATGZ AT e = e e

A, FATTUADERENERE, H5— i AR B AR . A, FATATLL
i AR H & (R HSIER TR L EMEE ) RERRX AR, AR, RAH
RERINE A, BUREHBHE AT AR — MR AZ T

MBS

EREAR PR TiE B3, R H A a0l 5 Kt . AnRZEALFR I s Bl , b iRk
S TR T, SRR BRI T .

SRS ) i IR SRR AR N R € B 0 — s R 44 1 sk B0 o 5 Mol 55 040 1 1)
BE o PER RS A 4 AYAEHL (extract ), 5 (transform ). JI#K (load ) ( fAJFRETL ), iX
FpRAMNE S, 1 HFERERBIERRNTTEMF 2GR A SEX RN TR0
EE B E G EMART, JokAE U 5 R R el T e it

FRAE 2 ] LambdaZ2 #4) G Al fig P i $6[m) 5, LambdaZE 4 A~ (X fgAb BRERAC R FH v i A 40
T LA o e faT 28, AT A MCBOAR PR B AN A SR P YR &R, T 4Edh o2 8500 7 s Bl , X REsE
AT ATEASK A AR I AR B AR 2R, SEATAE ] A8 22 (0 5047 .
KIEREE

FRATAT LA B AR E—R IR EE & (IR T IRGEERN ) (S E.
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LA Wikipedia ) 51 2 5, Wikipedia ) 50 & g 2L BB Y . st &l 5 KF B R A
G 1 A K A 0 14 [R)— A DL i N 2 AT SR AN AT Y, {EUAE Wikipediaf9 45 F4 o, GURTAS 2
5 L B AN UL R VF 22 STRER A IO A IR G 0 SR I . X e 0 SR AR IR BR 4
P, 0oL AT AR B

FAh, IR TR KERAEAS , (Hgific st ANER . — B STRREHAT T — IR, 3 4l
ORI AE T . SRS R iR i % ] BERZ W sk [RIVR A S A i A ORICR S 31 0T i A4 Y
7, (gL RA SRR,

FEATATEE R 40 P (5 AR 0T LAXFE /25 . ARATIR P O ARBUZATAE(S B, M BT S H
JEJRIREE ; Facebookfi¥friend graph/&fiT (5 8., MTASINGF A A BR 4 A i S (F R R s . 5
Wikipediaf 4 ic sk, MAEs® ., SOl . A S . MBR A B AR RAER

JE LR 2 E ) A, A& LambdaZ@ F9 A RERE . T — 15 FRAPIE 5 =) I an fal F) 1 R oh S
e it A e RAAIE R el 3 A ) L

FRALEE, A—LREEBAKTRAAKZIET, Wi Hl P O R EIEL? W H P i
£ T%R? |
A MART VAT K —— M R 2R — BRI, AT AN 6972 % 2 Charlotte ;
lives at 22 Acacia Avenue, o #fsAe i8] 8 G 6912 5% & On March 1, 1982, Charlotte lived at 22 '.

Acacia Avenue, iXH, RAEKWAKEMF 2, REBBNHARTLEY, |

BIRL R R IH0SF
HKFIAEEPER S WRTFTE, NEERFFATHHRERIEZ &,
XIS

BAERA— A TR A AR R AN — A JEBREREY TP, 7T LALERR ) AL FETBZ 5 (¥ Bdhs -
A2 R AR IR b B AT BT AR B, PRUOATER B2 AR T LA el IS aR Bt S i i
A

FEIXRMEEL T, o TR RAERY, 7B i AR T B, SRR T 15080 &
GV IR . AN AT ZEFR AT A BB BT . b TR G AEAE T A T2 T, IREAS
P EIRERE 8 (R BHILR AN S 55 P T
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WA, MR RTAERE, AR AT DO T DT, AN LA B Z [ AR
AT LIS B T =, FEXTRIARSEATIRAE, WA R OB, BT ATESERE A kB
VG R EE S o

AT, BNA RS A2 e R4 %dE, RBETRAKECERERAT, 4T
AT REANAE (oo, RBRY EATHEXBBAL—BHEE TFREEE),
| XA FERE RN ZATHAET . RS TR 2 AR B 09 R A BIE, © 148 &
| RREH, :

LR, RBLBRRER, Fif LR T MapReduce ¥ 126, hAEHFTFRMNZ 4wt .
| B |

wiE L) AL

AR RS HET I AR X U BRI T ERE R AR, BERT AT — e A
AP X S A SR B AT R, BB LA X S 72 £ L 480 . Lambda
DR LA SR i FR T SR S A AR KT 1

HEALEILET AT AL SRR R, Hen: R — RS i C ok Wikipediaff) 0T fii——
AP PR 26 75 DA T T ) 4 B 53 P B2 R (9 LT 75

FLAE IR P o o] DAL 3 T OSSR AT AR (R S OB, XSS A — 2, it g4 K
HOHEE . BT A Hadoop R M AEAL FERLIEL , S act 4t A AR P °T L 2 ) 44> Wikipedia BT ik
FAEH— B R AT T 20 i

WikipediaZa ik

FRAT AL A (1 2 1) B IZJE X AERY . “Fred BloggsfE20124F6 75 H F4-3:155120124E6 H 7H |-
FL10:A45Z [ HET T 2/ 07 7 R TRERAN B, ST SR 5 4810 5% 10 4 4 ) 51
PTG, WS FP A R B, ARTRATTEY A S A . At SRR AN T AN 4k ) 2
W——E IR B LA 4R T

Bt ARE AL PR E 240 KA 483, WnE8-5r i .

IR AT EA LR ARG, AR E 20 R Bk T, (RS ae it LA A ekt . s
EIFFZE (AR E—EABAE, s B S1365 K M TRk ). WAL mHE R ik H 4
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Balg, waT LA TAER, WnPE8-6FR .

Fredf 5Tk
2012-02-26 15:04:16
2012-02-26 16:23:43
2012-02-26 18:59:03
2012-02-27 12:56:32
2012-02-28 17:09:12
2012-02-28 18:54:28
2012-03-02 12:00:36
2012-03-05 10:34:19

Fredf¥J 5Tk vk 5

2012-02-26: 3
2012-02-27: 1

—>2012-02-28: 2

2012-03-02: 1
2012-03-05: 1

E18-5 HRGETHHHtAL HAL A

Fredf 71 #ik
2012-02-26 15:04:16
2012-02-26 16:23:43
2012-02-26 18:59:03
2012-02-27 12:56:32
2012-02-28 17:09:12
2012-02-28 18:54:28
2012-03-02 12:00:36
2012-03-05 10:34:19

Fredffy sk vk

2012-02-26: 3
2012-02-27: 1
2012-02-28: 2

—— > 2012-02: 6

2012-03-02: 1
2012-03-05: 1
2012-03: 2

F8-6 &R AL H Grit AL TR E

TR —FE R W TR, T AREA36S RS T 120K . 38 et 4 sl vk LA K s
AR, BEAT DAL BETT A6 e ] a4 s 6] A 28 A ARl a] X B, anf&I8-7

-

A ifgii i X Bt

AL —

BRYG o 8cle

R

m

FE8-7 AR P E— s [a] X B P A9 BTRR %L

mtE BHE

WA, FRATTICH 1S Wikipedia Tk & Alfeed. T Lfeed ZUNTF &R

2012-09-01T14:18:137 123456789 1234 Fred Bloggs
2012-09-01T14:18:15Z 123456790 54321 John Doe

2012-09-01T14:18:16Z 123456791 6789 Paul Butcher

IR, 5 SR TG RAPRALT, 58 =5 R TTIRE A H FID, H0us) R Tk

HIHPA .
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Wikipediaf S8 B A7 JAECRE i feed, FIHRAE T 40 5 400 s $0dla ) R PE R XML dump™ (38
iR EH Y enwiki-latest-stub-meta-history ).

A BC A RS A —/N 39 H ExtractWikiContributors, AT LU —A~dump#44k 4 | ik feedt%
Xy A 3

T3 —HadoopfE 55, H:3ZiX %k H 78 SC{A- 4= it Ak 3540 P 7 22 X 4504

HE R

XNHadoopf T %1588 345 — > mapperfil—->reducer.. mapperdl: ¥ A8, HR Mt sk H ik
P—17, Jﬁti~/‘é@f§5ﬁ. HERTHRE A D, HAER TTkic A i ) B .

LambdaArchitecture/WikiContributorsBatch/src/main/java/com/paulbutcher/WikipediaContributors.java
public static class Map extends Mapper<Object, Text, IntWritable, LongWritable> {

public void map(Object key, Text value, Context context)
throws IOException, InterruptedException {

Contribution contribution = new Contribution(value.toString());
context.write(new IntWritable(contribution.contributorld),
new LongWritable(contribution.timestamp));
}
}

Hod K TAE#R I ContributionZse

LambdaArchitecture/WikiContributorsBatch/src/main/java/com/paulbutcher/Contribution.java
Line 1 class Contribution {
static final Pattern pattern = Pattern.compile("~([~\\s]*) (\\d*) (\\d*) (.*)$");
static final DateTimeFormatter isoFormat = ISODateTimeFormat.dateTimeNoMillis();

5  public long timestamp;
public int id;
public int contributorId;
public String username;

10 public Contribution(String line) {
Matcher matcher = pattern.matcher(line);
if(matcher.find()) {
timestamp = isoFormat.parseDateTime(matcher.group(l)).getMillis();
- id = Integer.parselnt(matcher.group(2));
15 contributorId = Integer.parselnt(matcher.group(3));
username = matcher.group(4);

(D http://dumps.wikimedia.org/enwiki
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AR ZFp i ] LA H 35 SO0 — A 7—— A T 2 R W A 5217 ). AR ILILAL,
I {f ] Joda-Time % " () ISODateTimeFo rmat K AT it (o), JERei el A K a8 (5513%7),
KB F119704E 1 A 1 H 2% 8] rid i =2 F08 . STikic SEATD A TT#k 2 04 FH P 1D 4
B, X—ITRIARE R TR E T 4

reducer | 2 T 57 BT 2 11 T 4F

LambdaArchitecture/WikiContributorsBatch/src/main/java/com/paulbutcher/WikipediaContributors.java
Line 1 public static class Reduce
extends Reducer<IntWritable, LongWritable, IntWritable, Text> {
static DateTimeFormatter dayFormat = ISODateTimeFormat.yearMonthDay();
static DateTimeFormatter monthFormat = ISODateTimeFormat.yearMonth();

public void reduce(IntWritable key, Iterable<LongWritable> values,
Context context) throws IOException, InterruptedException {
HashMap<DateTime, Integer> days = new HashMap<DateTime, Integer>();
HashMap<DateTime, Integer> months = new HashMap<DateTime, Integer>();
10 for (LongWritable value: values) {
DateTime timestamp = new DateTime(value.get());
DateTime day = timestamp.withTimeAtStartOfDay();
DateTime month = day.withDayOfMonth(1);
incrementCount(days, day);
15 incrementCount (months, month);
}
for (Entry<DateTime, Integer> entry: days.entrySet())
context.write(key, formatEntry(entry, dayFormat));
for (Entry<DateTime, Integer> entry: months.entrySet())
20 context.write(key, formatEntry(entry, monthFormat));
}
-}

X B U B o A vTEk 8 7 M HashMap: days ( 55817 ) Fimonths ( 45917 ). #AJ5 ik
7 5 33X A~ otk # A OC i B ] B ( values J2 i () 8 51 % ), Jf JH Joda-Time J% (7 4 Bh J7 32
withTimeAtStart0fDay () FllwithDayOfMonth ()4 i) ik 1k A 4 K B4 B st a) Fn 24 A 45— K
-] A S8 12 7RSS 134T ). 42 F R nT LI — /N a7 B4 Bh 77 2 % day s Filmonths (4
KR AT .

Lambda}\rchitecture/WikiContributorsBatch/src/lﬁainljavalcomlpaulbutcher/WildpediaContributofs.java

private void incrementCount(HashMap<DateTime, Integer> counts, DateTime key) {
Integer currentCount = counts.get(key);
if (currentCount == null)
counts.put(key, 1);
else
counts.put(key, currentCount + 1)

(D http://www.joda.org/joda-time/
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157 24 W1~ HashMapt 25 A%, 3 773X 54> mapih 1] LA i ( 280 — 2R DTk IC S A 5Tk )
B R AR ) sTEREL (317302077 ).

X LA — 5T B, Hadoopf T 45 ik th 2B E XTI SE A, (HAH h s Zdi ik — MEH—o1
BRERA D, B (AR ) f—AgeiHE, nTGE e L — MR AEREF H 0, #E
XA s TTER & P ID, mifEE H RS HEA R B A At FABAE R s, AT LA
B AT EE ME, XA formatEnt ry () & 1Y :

mewnmmmmmmmmmummwmmgwmmmmmmwmugMMmen
private Text formatEntry(Entry<DateTime, Integer> entry,
DateTimeFormatter formatter) {
return new Text(formatter.print(entry.getKey()) + "\t" + entry.getValue())

}
X TS5 (9l o i -

463 2001-11-24 1
463 2002-02-14 1
463 2001-11-26 6
463 2001-10-01 1
463 2002-02 1

463 2001-10 1
463 2001-11 7

PR T EALER, (B2 —HESORSF, RRMRIIME. T/ E TR S )2,
FERTRAXHEAR B ) i HH 2 EA T8 5 LR -

£ B AT A b RN A RARR EHEREAMLENE, ZRTAH, 20MT —LERL%
0 TAF—— A A R Lok R 376 6587 Bil§ 33k R S LA AL B R ,

RAM 2R EERMNZAM, mELIR—MEFARARLTR, TLEEREHR,
MG ERM T8 E RA——Lambda R# &R X3 5K 8 FRMT A AL ZH#HAT
TR AR EART AL RRA—AEEL &, TP R EARETRAS TLMA,

FE R
b H9 2 AN Bl A AR RO BSOS . 7 LA 75 52 P LambdaHE 42 49 73 — 43— PR 452 .
B

FEA T B A AR PR HEA T35, XRERE T LA RS [ HA TR T 534k, B —14
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o 7 SRAETFE RS E 5 (I — Az & It EE L A8 ), XRE2IRFERMES, W
[%8-8FfF 7~ .

AL EE L

HEACE LA

#iy
\./‘\ h WeblRg B >
%
. = %
U
AL

FE8-8  HHtabHEIE FIIR %5 2

H TR Z 58P FECKEA K, MRS ZEALRAEEBIEREE ., it RNAHF

FEURTCATTAT AR G G 8 m A i R 55 )2, AN = Tm) 85 e o X S A& ge i AR TR, iR
55 IEATG B TR E —— R 75 S 7E S Bt A 2R ] e o B S B T

BH—ABARE R T X il T ik, HrP&A 4 Y2 ElephantDB” fllVoldemort®

Pt

Zi, M EE RS Z, TAER TR RS, WU TS K—IFRIEH S
[a)g, npE8-9kIR . |

HEAL R 2 S A BHEIRETT, MEEA SR SR A TR, 8 — MRS, BRS 2
Hh 2 BT R P

1T HAC BSR4 AR B, HEALFRZE AT U 9 11k . AR B AT I B — 1%
MLUSERE, 76252 RO a] Nk T LAALEE TBZE 5 (1 558%

I bEEE ANt AR R e iT LIRAZ A AR S M A s . — o m, R A S
WEFEGY: B—Jrm, WURTEEbug, FIRAE BT A BRI R B AR Y AHEBR

(D https://github.com/nathanmarz/elephantdb
(2) http://www.project-voldemort.com/voldemort/
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Zbug f EHH A B E BT

AL EA A

§ \/\
HeabE
\Jﬂémﬁ L T pa=

[¥18-9 HuE R4t
MH, BTFRE T IARGEEWE, 80T AR A AT AR B (4R Fe sl A A F AT 4047

AR — AN EAFE—ER . R EE T E /N B TR, ARAEAL PR
PR EE Sl A K50t 22D HER /N . R FRATT 254 T s 2, SRl A [l

FIRBE
BORMFILGTRT o BEREAHFTINEZ, IF5E A LambdaZ2 4
FXBNFHTHA
7B AT LA AR R BAE AT AR R o IR B R A A EAH , 1 ELR AR . 2T M,
A FLambdaZ@ ¥ AOFHEAR B , W] LAGYEE BLAT LA R R0 R 45

Q EEIHAT, "TLAACFETBLL B4R ;
Q /e, BHEEEAS 4,
Q SRR PR A A b A T A

O SZRFXT H R BEARAE, oS xd I st B8 A AR F A T

FHAL 2R AR S 7E T HA HEIR , LambdaZ 44 ) FH 3 J2 S fig i — () 55, u
Sty N

iR

Q AR 1977 257 A S A FHadoop £ 57 4 R4t A9ME— J7 i——HiA 9 J7 41 HBase .
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PigfliHive. X =M EBERM FIESEHE RS, EHEHP—FM, SLambdaZ2HfHt AL 28
JRHEAT AL, BRI & S A5

Q AE#E—IREZE, RTEESKIFEINRG . XN RF ZiEBEZeBE e, f#
B RS e eb, JF AT DA £ i) — Beast ] o P 0 STk AR . R DA A% G B0 T R
ElephantDB 3/ IR 55 )2

Q¥ e EmeEF, B4 st R E—R TiAF B, HadoopfERFH B /i RS2
MR E . XA SRR 7 EPRAIM R A EAF 7 KA Bt Ak 28 00 P58 FH (T b
W7 ANIE FFerRbon F 2

84 FE=X: EE

FEMEREYZE TR, AT T i 2 Lambda A% FRE AL B2 REAR DAL G080 2R GERE R A4 T )8,
{EFCHT R R Y RER o sl 2 2 R Al R A ()RR . 18- 10/ T sk J2 55 4 b 348 J2 Ao

CINK
Heab R
1
&

@

STy
B > iR ; /
\

PeIf H Pl

f
[%8-10 LambdaZit4
AR AR, — RSB E AR b, SRR B R R AT LA AT AN, B —TF

TECRF FAL S IR S o 2= 2 A R S P, S et 0 P 2 R Ak B OR R 5 3 e ik 2 F B 2
iRt
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S AR PR AL 75 5 — UK A AL ALE PR R 7 A ) S A 8 AT I AT A1 S kiR B
Pt PRZ A PRS2 S O R A

PRAEFATFH Storm ™ S A= BN 2 .

witnEE
A [ 4 R P o S A A B SRR [ ——A — e B SRR AE AP0 PT T, A6 — SR B e
ZRGONFTH . TR IR A 2EREEOR, R AL B2 R AT RETC LM 2 .

TN 2 R A A, R R B, M 2 AT b S R X
R IEE A RE RAL BRI, WA BRI BAR M SRR T o FATL A B X% 5t
BARERRRE: BEALE | B AR MBI A5 HLH %5

MGFET7 TR , N2 R ZE AR — 03 S | AR AR 0 i AR et A 22 Ak BB i
HORJLA/N RE ). — BAEARRZGEE EERE, THAEER S MnEZ R .

ELERFE?

5 5y R B ORISR 2 ) 7 T AR5 A B B ) A 0 P o LS T LK e B P A 1 S
LambdaZ®@ A4 i) —FBALFFG] (AERALAEERE ), WniE8-11577R.

% P
& P
T e
]
8
& P
E8-11 &4k E

FERX PRI, B P i BRSO PRGBS, RO PR T BT R i A TRELE . X b Y
AEHEHE, fERLLE R T IR B RIFE TR . AR —igith, RLRMEL

(D http://storm.incubator.apache.org
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iE—2 E8-12F7R .

& Pt

N T

% P
> BAS| > ks —>
'

7

& P

FI8-12 LGBl e ) 5 0 At

TERCRIAL b, & P el SRR AR AR I B BAS b (7T LA K afka " B{K estrel* 55 SCBLBAS ), X
— A BRR TR IR . AUAL PEERHE ER AT AL PR X S R A I X B PR T SRR

FHBAS A 2 P S VIR PEEA T, 2 OB R Z Ml S B R SN A . A, AREENL
PR, R M2 R AP BT R, e RS B AL .

Q F P ABLEE, B R P St ol DA R R, TR T AR

Q k55 TR0 2 S B P s R P A, s R BURLE R ST SRR — LT T
S RGN, R ZH AR A A B CRIFZE NS b, 7EMl 55 IR IR R AR E S5 7T
R P

O MEFRATH 73] AR AT AR T, RiTLIES G AL Lm0,
HEHGE 1 PERE SUAT LA

T EARIEA, FE L [R]A5 6 i 2 SE B AAR SR 0, JF HA R T AE &,
HAPBEAZRATBRE TR, LR TTRZAT, & E ek T ik 8egd 39 .

nfaiE BRI A

fBeiscAtt Al B R R B A /N AL BRSO | AIRARA S 2 A i 2 5 AR B X A/t A P Y
Bl . Sebr BN R EAR A PR BE, anfEI8-13F7 7R .

BN — 1AL AL FERIRIZE 3R, S5 NRAEAL PR E BTG o AR R AL IR TR s 1T AN/ e

(D http://kafka.apache.org
(2) http://robey.github.io/kestrel/
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XK E AL AR 2 S5 RN /IN o DR i 2 5 AR X% S BB/ N R, iR PR
HEAb BZE 1T X P/ R BT BRSO , IR BORF LA/ 4 R

o Nk AR EL AR
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| HEALTR 2 TF 75 AL FR A Ko
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[~ hnik 2
. BN+HK
FNGAAL HOALRE 4R

V T it | i 2

[8-13  7E s 2 il Eodi i

SENUAHUALBRES R , T B Lk PR/ BRI, (B ORAT S A~/ A B0
AZRITETLGAR B, Al EES WU RIRAES AR, JFcB e, wEs-14
e

e X 4
L I

mEBEA (EEER) [

JniE 2B |

244 B K
I 0 0 0
IEEA |

# pndEB (EEfR) [
[#18-14 22 & fli A% 2 u

2 —UCHLALFRSE AU, HHAR BRI B B A 45 T, 3 mT LA 24 i Ak 3R A
R SZTHREN 73— HE R b o VI PR 0 2 230 BB, A0 A AL R T B o 3
ESL BRI
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DR AR . — 7 T AN T B 9% o UL e 2 £ 5 P A e Rl 7 B o T B, 5
— 7 TR TR UG5 N 2 e A — A2 B PE TRz AT, PRSI 1 A i) PERE R AT Sk
YIRS AT QB A AR A4 3 i 2 ) A O ELTHFE M (5 T H 3BT, A B e Sk =
A Ab 28 SRR PR/ N — 823, IR A EH AR AR A K

Storm &%t
T Ay FAT A2 2T I Storm R GE S B A6 (1 GH 2 . Stormye MR AR, A Rk
FE——WNTERA T S W Storm 3C R

Hadoop 3= % 1 3T4ttAbFE ,  Storm 3= B £ 57 LR A FE——LRE A (Mo (i 1 2 5 1 LA T 40 A
AR, DidcE R A,

Spout, BoltF1Topology

Storm A G AL PR 2 TC4 (tuple ) AU . Storm oIS T 2Z Ik 1758 58 F 5 il actorfé
R oCd, BA[E FElixirfg 4, StormicH IR A 4 7.

T spout ( K ) PRI, Hbolt (242 ) LHFUEATANEE, boltth 24 . H
Tttt spout FboltiZE H4E— ik , #RIEZ A T topology ( #1544 )., [EI8-15 /i A J&— ] B i topology
i1 —~spoutk BG4I — Z2 3 boltha LAY i /K 2k A T Ab B

[%18-15  —MAj B[ topology

topology . n] LATR 52 Zs——boltn] LIH PR 2N, 1il— It ol LB 2 boltli 9%, I R—4>
A8 CIHRE (8FRDAG ), tnE8-16FR.

=0
=00

[¥18-16  —~% Z:ftopology

(D http://storm.incubator.apache.org/documentation/Home.html
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Aat s R A R B A IR R i K £ i topology, B LA L FHMEZRZE, [ Aspoutfilbolt
#RRIATIEFN A

worker

spoutFlbolt AN\UAH B2 [AZ FFA T, ﬁ'ﬁﬂﬁlﬂﬁﬁﬂ%ﬁm#??ﬂ@—ﬁ~4\/l\f$wﬁﬁﬁﬁ%ﬁﬂ?ﬁ
ZworkerSEFLAY . WNEIR-17AT 78, XA ALY i 7K 2k sl topology H, B f>spoutflbolt N # &8 A 3

“worker .

N e a

= | O ][O ][O
o
R

e
)]
Iee
)]
(C

S S K

[€]8-17  spoutfiiboltfjworker

WNEI8-17f17, KR EREAY S5 i worker AT LA Ta] B ETT 5 L — S worker & 1% 040 . 7F
R TTe R4 % ( Stream Grouping ) B FRATT 2227 > anfaf 42 il i FHME— 1> worker K28t A

workerif J& 734 LAY MR RA 4 S ERE, Ispoutfworker ] fEIZFTAETI 451, 1)
J2FNAT 3 E, SE— bolthworker ] REAZ T T7E 19 2 F0°1 a4 b (HApPIANET 52, —INMET S
41 ),

Storm ¥ 136 Z A AE T FATA TG EHF N KTE T - XL—— AT 2 L topology, Stormii2s
]9 55 S Beifworker, FEHfPR &% B TCHL AT LLI%GK

s —1~spoutslboltf) 2 ~worker /M A TE 2 (1AL LA B R PUZ 2. WRER PR E
— EHBHLE A BB, topology T LLKF TCA 43 & 48 ATHAF1E W9 HE AL, X FEtopology sl il LA ALz 1T .

Storm £ i R ITLH 2 [a] B9 HRAE—— AN R AL — 1 TTH I RETE AL, Storm 2 HAKH i spouty T4 &
ARBOFHATHEIK, X WPRBEStormBIAEAIMR “F DS IT IR BIREIRAENE . I 50
XL JUHTRESHEL, AP HARIER.

Wi TS, FATRER—T, RIZEiR Wikipedia o1 BiREe 11127 H Storm 32 HL— 4™ &7 82 49 m
HZE.
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Storm FKik&) kbR “ £ %&.‘f'r—-ik B—RBERNTXHFL>LA, &E—-""&FH'Q
XRBHHR, B RAWIT—

Storm i@ if Trident API' T iU 4LH “R&MAT—K” $5ob, KABHRLANLRENE,

a. htp:/storm.incubator.apache.org/documentation/Trident-tutorial.html

FH Storm%t i+ T2k
(18- 18 Fr 7 B2 —F i |22 A topology -

B e

[%18-18  JiliH 2 topology

Sl — 1 spout R EEHUTTHR# 19 H A&, PR HE R — N Iodii . SAJ5 i — 1 bolok b B
JCEHTL, X HERAR BT, IR — TR B . R R — D bolt b BRIX AN, I X
{7 S L R P A T S

A FUAUFIRA , TS E— A K—FERtopology : B 58, A 1H-A H#1)i 7] Wikipedia
TRRE M H & HIK, FRODFARCO T EIE R (IO ZHITMIER ). E8-19

JEFA T opology .

[¥18-19  Bhitt 5 i hini )2 A topology

iX“~topology & & {# F—-1~spout k4548l WikipediaflY) 5Tk # feed, SRJG BBE— M ae, B5
ISR PAFT R SERE R . XA RBAE T =3, (HAE% & T2 Storm,,

BT AE
THE AT T — 1 spout, E2MHLT A H A feed :
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LambdaArchitecture/WikiContributorsSpeed/src/main/java/com/paulbutcher/RandomContributorSpout.java
Line 1 publié class RandomContributorSpout extends BaseRichSpout {

private static final Random rand = new Random();
private static final DateTimeFormatter isoFormat =
5 ISODateTimeFormat.dateTimeNoMillis();

private SpoutOutputCollector collector;
private int contributionId = 10000;

10 public void open(Map conf, TopologyContext context,
SpoutOutputCollector collector) {

this.collector = collector;
}

public void declareQutputFields(OutputFieldsDeclarer declarer) {
declarer.declare(new Fields("line"));

}

20  public void nextTuple() {
Utils.sleep(rand.nextInt(1600));
++contributionId;
String line = isoFormat.print(DateTime.now()) + " " + contributionId + " " +
rand.nextInt(10000) + " " + "dummyusername";
25 collector.emit(new Values(line));
-}
-}
X BRI T — 4 spout, H4%7K [ BaseRichSpout ( 58147 )., StormZ:7E#] 41k itE
open() Ak (551017 ) —fEopeni ik HE{RAF T SpoutOutputCollectori¥5| fl, LIEZ
Je ¥ & 4h SpoutOutputCollector, StormfERIEALITAZ I HldeclareOutputFields () /

B (581647 ), LME T ffspoutZ ™A T Y%

nextTuple() (552017 ) A& T RHH TAE. XA REE LSHEIEIR100ZZF, R56
BT, B3 Tk HER” ARk, &iGTEHcollector.emit () #ki
HFFFEH .

PR HESPUE LS T asbolt CRET —47h A48 ),
fEHT B

fEpT AR bl Z SR H A THITTA , A TiedT, ik & A WA FEcd, BhFEBAR
i’iTEu H':J_'—f‘ﬁgé}

LambdaArchitecture/WikiContributorsSpeed/src/main/java/com/paulbutcher/ContributionParser.java
Line 1 class ContributionParser extends BaseBasicBolt {
2 public void declareOutputFields(OutputFieldsDeclarer declarer) {
3 declarer.declare(new Fields("timestamp", "id", "contributorId", "username"));
4}
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5 public void execute(Tuple tuple, BasicOutputCollector collector) {
6 Contribution contribution = new Contribution(tuple.getString(0));
7 collector.emit(new Values(contribution.timestamp, contribution.id,
8 contribution.contributorId, contribution.username));
9}

10 }

X B S A E— Tholt, HAk/K T BaseBasicBolt (55147 ). SHI&Espoutht—HE, AFHE

JfdeclareOutputFields () Ak (552497 ), VAfEil:Storm T f# 2| bolt i Jo4H 1) 45 ¥ —A< 5]
th o E AT, 4B Etimestamp. id. contributorIdflusername.

BRI T RER A TAER execute() (555F7 ). A SHLANIRZE —FE, i T Contri
butionZKMHT HE T, P contributor.emit ()34 H T4 .

f bR R T 2 AL LG 75— bolt, LLC B 5Tk A Y STRREL, F— 1 3A 127 71X bolt.
IER B

I —boltE T — AN SR 8> TTR A (9 TR IC SR A 7R B N AP P ( L S52&— map,
HREE TTRRF D, AR STk IS5 ).

LambdaArchitecture/WikiContributorsSpeed/src/main/java/com/paulbutcher/ContributionRecord.java
Line 1 class ContributionRecord extends BaseBasicBolt {
private static final HashMap<Integer, HashSet<Long>> timestamps =
new HashMap<Integer, HashSet<Long>>();

5 public void declareOutputFields(QutputFieldsDeclarer declarer) {

}

public void execute(Tuple tuple, BasicOutputCollector collector) {
addTimestamp(tuple.getInteger(2), tuple.getLong(@));

}

private void addTimestamp(int contributorId, long timestamp) {
HashSet<Long> contributorTimestamps = timestamps.get(contributorld);
if (contributorTimestamps == null) {
- contributorTimestamps = new HashSet<Long>();
15 timestamps.put(contributorId, contributorTimestamps);
}
contributorTimestamps.add(timestamp);
-}
-}
AP I AT, FrlldeclareOutputFields () BREUEAS 1Y (55517 ). execute()
CBE7AT) ik HEME A P HREAXE(E R, %% addTimestamp () Fi%X, addTimestamp()fi
3 ] R AT 49 45 A

IAE KA — T topology,, HFEL A Aspout FllboltHE mi 3k .
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£ 83 % b KA B S BIGLR T A KA A A 9 TMIC R, AL AEHLE
B 2 Bin AR R

JoZ ATttt 49, REALE R E B LR IUADE 6 MAR, i R Ae S g 78 69 B ] &
RN, ERESHRRL: GELOPHMILRGRELRFN,

Z A% 9, Storm ke Kb R “EFRRIT—K, MAAMTREKEX, KK
FHRE, ﬁtiﬁiﬁ'&éﬂ. &"2}(%#"‘#%, X GE TV A A ask R L,

i

¥ Ztopology

FA TxfContributionRecord ] HEL: A Le4H.,——E L HliEbolt 24145 £ worker, HF 4 Qi
S AR UE— A~ DTk 2 X R — > B ) R A VR 7 B AR R X A I R T L S T A AN AT A
topology .

[P, e T T e g 2 T o e

Line 1 public ﬁiasg ﬁikitontributorsTopologyw{
: public static void main(String[] args) throws Exception {
; TopologyBuilder builder = new TopologyBuilder();
: builder.setSpout(“contribution spout", new RandomContributorSpout(), 4);

builder.setBolt("contribution parser", new ContributionParser(), 4).
10 shuffleGrouping("contribution spout");

builder.setBolt("contribution_recorder", new ContributionRecord(), 4).
fieldsGrouping("contribution parser", new Fields("contributorId"));

15 LocalCluster cluster = new LocalCluster();
Config conf = new Config();
cluster.submitTopology("wiki-contributors", conf, builder.createTopology());

- Thread.sleep(10000);
29 cluster.shutdown();
5

B, XBAUYEIE—1TopologyBuilder ( 55517 ), JfidfHsetSpout() (45747 ) i
—PspoutSi Bl HE “ABEOE-DIMTENS % (hint), XRENSSHMAZEEHL, H




228 % 8% Lambda &#

KT PRAE TR, AT LA XA BEUE— Rl 2, Storm & ARIEX NS HCh spout Bl @4 worker
U SN T i AT 4% il Storm (9 14T, HEFEDEIEE “What Makes a Running Topology: Worker

Processes, Executors and Tasks” "',

PRk, XBACESIE HlsetBolt () (55977 ) k¥ MMContributionParseriSLf, ffF, X
BRI shuTfleGrouping () JEHC 1% B spoutit 9545 i —HE , BB Storm kMK Mbolt
7 MspoutHE A . i BN TR ZE ST BB K

RRRD &

Storm 1) 4 ¥ 77 2 & HME F B T —>workerfEZ W— AN T B 8] 8, @A AEboltfT (i
FH R AL & ( shuffle grouping ) W& 2 i fi] B A —— HUJ2 fA] SR MR S B ML 2 & 45 H— A
worker.,

10 TR A boltfd AT 12 45 F #5 4- & ( fields grouping ) W& (251297 ), X /NHRBGLRIE S LE
FBL(RBH R contributorId ) (AR A TTH &80 K& 4 IRl — 1 worker., [BIF] | —F5FF
GRAG AL, FRAT AR o X A SRR PR — 1 STk O R — B [R] BER A

&R

BEE StormEM AR 2, HBH TABHER., FERMGE, B TFXE—TTHER, &
A T LB R AP StormBEFEAR 55 . FTATFEAIE T — 1 LocalCluster ( 51747 ) 7E4
iz 73 AT topology -

A rh A Tiktopologyiz 1T T 1085 i f cluster. shutdown () SR EHE o SR IfITE = S
W, YA B ZEE | T, AP B Y HT 0SB PP A, A A O ok e

[4topology .

FE=RBEH
FATFER 135 =RKA9%2], WIERL T X LambdaZ2 A BT Z B91HE
BZREMZFBTHA

o 2 A g Y St PR D B T R — IR AR AR AL B A S P A B RE , X R e E T
LambdaZ2 4, it )J2 o] L2 [R] A B 857 25 (1 ——Storm & — Ak S5 A8 s 2 i 7 i .

Q Storm3EMF AN TEALR . e Hispoutfl) 2 . HiboltkbFE . Hitopology il i .
Q spoutfilboltff il & £ ~worker, X2worker) 1747, HrMEERNEZATIA L.
Q Storm#FRIAEH “FADSHIT K" 1R BE—bolt T ZA I TAH B E IR A M .

(D http://storm.incubator.apache.org/documentation/Understanding-the-parallelism-of-a-Storm-topology.html
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Q Trident/2 8 37 7F Storm LAl A E AP, 25 FStormfl) “Z/DSHFT—IR” HIERIA TN,
Trident$2 it T “ REePAT—IR" HISEEE . Tridentidi H T 457 StormY KK APLE JH T

oy
Q BR T BN R BT &, StormibHR 4k T MR AR 1L 4 A SR 7

Q A — N EIEMStormERE, RS RAMIZTTHFFHE 7 L,

Q £ 2 — 4> bolt Fil — 1> topology , bolt {1 57 4 4 43 43 4 (1) 51 #k 5 %L, topology it 7 ¥
ContributionParserffi 4 & 4 Cont ributionRecord F1FA 18 2 bolt.

Q 4K TBaseBasicBolt, B4 HaMIXI TG TN, 1 fBaseRichBolt—
R B BT THIIA . BIEE— T bolt, UMAERIIAZ RIS T4?

85 &3
Lambda MR TTE 2520 i — S Y 2L A 1E T — it

Q IR BRI KE R EAH, X kIR B Clojure s B iR SRS B ;

O Hadoop 47 AL R[] &1 ) 5 322 S0 R BT 43 Ik 5 21 — A Bdi 4 |, FRsEAT b fay 48
YEo XAEH LT IHATeRERFE 80K

0 Kl Factorti ¥, LambdaZBtiPRAb Bt Fe AR BIAERE [, XAERENGHE THERE, AT LAXE
TR 8 PR A T 8

Q Storm ) JCA I 241l Factorfs £ HICS PR A fit 14 B AL .

=
Lambda i A4 3 22 FH T e R AUASE SRR B4 [ R ——— ok 46 [ ST 2% 20 A0 A 340 90 g LA 57 ot
(. LambdaZ@HEH & & THRFM AT ——LLRTHA T2 6 AIBAE PRk Tix 2 T

R

LambdaZ@ #4) 55 K DL st —— 3R A0 B HUABLEOE — 3t TE 2 B A BRI E PR i ik 5] u
BORFHWEEEL, HNWHRA (AR A ) e TilEs.

BRBR
LambdaZ@ #4314 5 MapReduce4p & —Ht Ak B2 7] LU A A4 430 A5 =04 AL P 22 40 Sle 52
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HFiX—44H, Apache Spark "Bt —PMRAEEMHE, Spark2—MEFITHEESR, EXHR
TDAGHATT %, AT LI TR £ FtMapReduce AT T [ AR AT (U HUREIE L ). & it
T 5HAHERAPIY, X bR AL FZ AU 2 #00T LA Spark SEE

%iE
TR S HULEN G AR ZHAR , Lambda2F7RIE & FRAF A 43 4 59 3248 i Lambda
BERTE R AT AT R R BOR itk — 2L R AR S iE )

r—5, FATHEFHFRSZTRANNE, URAREEW KKK E-,

(D http://spark.apache.org
@) http:/spark.apache.org/streaming/
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ISEIRSE T LA )

M H BRI TGPUSR LR AR 4T, SRR A MapReduce e itE, FRATTIHE ) /W Ky
Frifd . —#ENR, TATAMEE T DT RO AAZ IR B 2 CPURME 1, T H2#3] T
VP2 ARG R AT AU SE O 5 e

O #1152 T Elixir ,HadoopIStorm , 1% JLFP R Ge 4 nT L& (e ZHLEERE Etb i A i3,
AT B AT LA 4 5 B A T A R A A R T 8

Q ifdcore.async, =3 T WA A RGP A BT 2R 30 5 A R ST

O ERREESH RS b, 222 T it gf & 5 R EL M A R AT T S MR I S E

BIERE B X BURE EFEIAK

9.1 FE#&fE

T JUAERT, FW TS AT BRI A SRR A R, NS B R TR AS A R
WER M, SERVREIATRIF L BURE WEERIARHA o

REZE “TE” B

ERBA, A — A A 25 MR P Y —— S oA b, AN AR o 7 P e
BZ ., G B AR RS G R ——E PR ARRRER R i T AR S & A
FRER T NEA, Akl TR, A B R i, 7E0d =0 JLE 3]
[WEZE 50N
0 BSAClojure M — [ TR B IE 7, RO B M Hs A FLARBIY (5 04,075
(9 “FRABCREER 35 ) A BRG] LUBFR R SRS A3, B Clojure AT 1L %
PR, FL G P AT AR A A 4 D B
O IR LambdaZe ) 1 i 23 5 A 2 BRI CRD At HOA% O AR i R A A —— it u
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AR MU SR ARSI R OS2 CRATAERY ), FFLITRATTAT LAKFBCHR 4 S M 5 ISR
Bk, SRCIETIEFTARER, FLAERHE AR A SR 475
Q SE A Erlang HEABL | B Elixirdy 2 81 ARPEREATT SE0E, BURE R — 1 TAOREI BB
. AL A B A AT R
0 3 Factorbi AT CSPHIIA LT % 1% 031 B AR AT AEHY
O 7E M IR S PRI, At A B RSB . 5 (e B
>, el TR FIHALC A7 T AR A
TS, EAATRN AT R RRAG A | LTI B HORES AN T e 2 0 1 o
BB . BRI B — R OUERATE 2 5 AT AR R, LR T A% 5
HE LT 4.

ARRZ TR
IATRIER H RIS EE R W RIS & 1. CPURRREHIFAR KRR B
A, MRMANCPUMERREL. 45 BRI AT 2 L8 BT Sl AmATRATAT LU HR ) 20 1) .

BRI IGE B — N EIl—NFF . HAT, U, 48 a B0 e A =R
fFrEdubiaEfs, BaRy ke, 328 F 647

QARCPUMI BB et IR IX A BEIE S, IR NSO, 70 sCAAF B O AT A
AAEBRERE . ARREITRYLATREDRR NG T, BNEFRIMERE, HER MR
PLERRE

FKikRy, HETHEBMEAR, BliNactorti BIFCSPRIRY, BEHE M E] A& G AnEE .
UREEFE T, S EH-ERINRNTBA S ROMTROE R B E—FImTRE. AREA Tt T Let-Ave?

9.2 RRZH

PG AN, FARMER X BT o T A B R — IR AR S AR, AR
— 2 2E TR
Fork/JointE & F1Work-Stealing & ;%

Fork/Join & fifi & Cilkif 7 VIRA TR AT, Cilk2C/CH— NI4T R . At BAE
ZiBEWES, ff5lava®, #85CHL T Fork/Join, Fork/Joinfi B AEH & FH F/MAa B, RAI7EI3Y

(D http://www.cilkplus.org
(2) http://docs.oracle.com/javase/8/docs/api/java/util/concurrent/ForkJoinPool.html
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By “ArmiGZ" WBareE it i E (LR EClojurefreducer N #F#E{E F T Fork/Joinfsi %Y ),

SZPFork/Join, 1% 2 ¥ |work-stealingB i fEL R Ith FP I 5245 . work-stealingE 3 25 T
ClojureH fjgot ( ZW6.277 1) “goth” 5 ).

HHER

BATFE3 AT P b BE L, XA EEEAFERANTGHE . ABZFLLRERATHEN £
BRI E, BARE—TEER ., BRANEIERES . BIGENIES RZEHREERIES 07!
( Mozart4i 2 R G ) —& 57 )

ABAEAHEH A BRE LI RAEE—R A, BB R T 35T 587
HFFFTH AR ——VHDL* Fil Verilog * & 2 5 1A = -

AR

S¥HE R VI A2 N H 452 ( reactive programming ). 2 BUEEFF AT LA H sh &% 251k
SRR F Z i LA | A, AT FMicrosoft Rx ( Reactive Extensions ) J R A4 4"

SN R SR 5 2Z WA S B LRRE ARG M Z 4, f24% Storm ltopology, 145 actorfsi %I 1
CSPHRIAYX A EETH BAZ S A,

R R N B RIE

PREIC S N 45 #% ( Functional Reactive Programming, FRP ) &5 B4 i —Fp, i %t
B ) AT ROk Y R R B 4 . Elm B T H ZRRAMFRP, HisfrEM K ast. 5
core.asyncfBl, FEALPEF (RS HARME T —Fpor kst “miEREE", ElmEA R MBI T
— A4 ( Seven More Languages in Seven Weeks [TDMD14] ) H 88 R HRmEIES 2 —.

Mgt E

PR B — PR R M S A A USRI e . IO AT 3838 2 S FL M2 A Y, 86
A A% FIER H RS #R AT RER A &

(D http://mozart.github.io

() http://en.wikipedia.org/wiki/VHDL
) http://en.wikipedia.org/wiki/Verilog
(@) https://rx.codeplex.com

(5 https://github.com/Netflix/RxJava
(© http://elm-lang.org
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&2 W% R H 2 SETI@Home ", (EMIAKRAT LUE I E2 SEIF 20 H B E .

TS 8]
JCA 25 [0] (tuple space ) J&473 4 VAR ICIZ ( distributed associative memory ) —FIE, #]

FAF B R 22 6] (938 (5 . JC 28 M RELindaIMEIE 5 P 5 A (XA T 2202290404
AT SORE ), BFEWA —SLIEAETF R ik oo =5 BRI R e ™

9.3 #ILE

R ACERE, TS — RISk MR LT ARSI, S0, RN RN
PR 22 S BN 2 MR A . TEA TR A FRAGIFVRAR 5 T — e ST IR . — it
AR, SRR, RARATLL F (RIS, TR R T,

TR 2 B X eI R AR | . FCic A B 2L JA B i R RS B R B 15 0
MR H . SR (L) 2.

) http:/setiathome.ssl.berkeley.edu

@ http://en.wikipedia.org/wiki/Linda_(coordination_language)
(3 http://river.apache.org/

(@) https://github.com/vjoel/tupelo
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