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Hierérchically Structured Synchronization and Exception Handling

in Parallel Languages using Dynamic Scope

MASAHIRO YASUGI!

In high-level parallel programming languages for practical parallel processing, it is desired
to be able to describe practical parallel programs with irregular computation and/or side
effect easily and safely as well as to execute them on parallel computers efficiently. Important
properties for good description include the ease of writing programs, the support of describ-
ing a variety of parallel processing and exceptiori handling, and the restriction on the use
of harmful operations such as the one corresponding to goto statement in some sequential
languages: This paper shows that the effectiveness of the parallel languages with hierarchi-
cally structured synchronization and exception handling using dynamic scope to describe a
variety of parallel processing easily and safely with a small set of language constructs. The
structured synchronization and exception handling are specified by the syntax rather than
individual; operations. In the structured languages using those syntax, the user can easily
picture the configuration of the current execution context, and the exceptions thrown in the
course of parallel execution can be naturally handled. The description length and the possi-
bility of the presence of bugs are also reduced compared to the conventional approach that
uses some synchronization operations. This paper shows the proposed language design and
its effectiveniess and also describes the language semantics and the implementation issues.
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int i, n = 0;
thread_t thr[N];
for(i=0;i<N;i++)
if(...) thr[n++] = spawn (3X);
for(i=0;i<n;i++) join(thr[il);
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MEOTIRATE S, (3) FIAMLEIZONTIE, Ex
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cilk void foo(...) {

int i;
for(i=0;i<N;i++)

if(...) spawn (B¥=r—n);
sync;

}
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RUEZAL v R C(ER=—A)BFTL, HxDALV Yy
F 07T ORBiEsync T & 3 BRI EBET
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{

int 1i;
waitfor for(i=0;i<N;i++)
if(...) spawn (¥=—1);
}
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A7V TRITNERLRW. Z0FT7 V=7 b
HISLE L Tthrow 35 2 & CHINERAET S, FiSt
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try {
co /1 BISNFRAEL S BAEOFR
}catch(Exceptionl ex1){
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}
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VR T OMBOBPTRAEL ZHFISNIOVTIE, &Y
SMUD catch RGN R T LR B,
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Fig. 1 Structured synchronization.
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Ph&iFA % lexical A 1 —F TR KB Ra—7 2 L
TRBETTLW. FHlxiE:

waitfor { spawn £f1(Q); £QO; }
LV D WFULEIZ BT, £1°0 £ BRKRDO X HIZER
ENTWEEA

f104{ ...

waitfor {... spawn f1_1(); ...}
}
£fO{ ... spawn £20; ... }

B 1277 & 5 2BFaEsfTbhd. KHPO join
Tuy 7 Lid wvaitfor WO RITHENOKETET
PRT. 22T, f1IZBWT wvaitfor Z ANFTH
WTW3. Fiz, £ OERTHIC £2 % spawn T BRI,
waitfor IZ X B RIFASE (join 28) ZEBHRa—T7TH
BTE5. £RRICITRL TRV, £ ORRCHL %
spawn # DI TH L WAL » R TIToBATYH, £2
D join BIXFEL b D EAeD. ZDOL 72 waitfor IV
ANT 7 ME, C++%&WFRABEAIZIEEL 72 COOLY
THWLRTWS. =L, COOL TixAL vy rFo
AU parallel B3 (¥— 7 —K parallel {F& CT&F
BINEE) OFCHLRCITDh, Epl50E
WOWTIEBEEN TV

B R 271 K B FIEILERRE SR AV o 3 B LR
RO E, 2ETERLLALLRRS L, (1)K
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TALy FEBAIEOWFLENTERTE 5. FHiX
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B2 WFAEFTOFISLE

Fig. 2 Handling an exception which is thrown during

parallel processing.
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2EOFM & U TTHEEICEETE S, DE D, waitfor
SZHRL T try-catch ZHEL TEL T & THFIFEST
PIZFAT B HISNC HRHLTFEETH Y, BISMFEAERIC
13 B FIT LA abort S5 & EDTRITHT RV :

try{

waitfor { spawn £f1(}; £0); }
Ycatch( ... ){
}

ZOBEFEE 2. HHA Ly FRTHARLE
TERMolz & &I, join BIHIANEEZTNE, £
DL X join BEIHTIMORAL v FiHELEEE LR
5. ZOLICASCEEE AW EE TR
D THEMERLTRBMECH T FINNE L ZHICHED
ALy R OEIEEN I AU BV CERBEN 5.

Eiz, WHRBEOFITRUDIER L VS RO T
EBRZTHD. BERMLE I FATR PO ETRIGIFEN
HLORF o ZICCHIBT S Z LB TE 5. ERIZIZ
ZZ w7 BT —F OERLERRCBON S Z 2 3%
VWA, ZZTIREEOBENCEGRT AT -2 DLEE
25, AZ v 7 ORBEEIREOFEITL TWAER0H
BRENET LR E EICRICETT B & CR0B#0:
Izt 357 — R ENTWH. REOEFLTWY
BB E B EITT B DI, F O
HIU LD BTN MHERBAITIE, #a SO L5k
DEITORICEITT B EXPEE AR LT 57—

TRHARAZ Y 7 RHZDLET, BEL SV IXRT, 2

-1 thread's frame
join frame

create a join frame

fork a new thread
on the join frame

al |{igel |ifel |

@

L

synchronize

the completion of
all threads on
the join frame

Lol elfll @l

B 3 HEELINERPLBIZES cactus stack DE4L
Fig. 3 Transition of the cactus stack based on the
structured synchronization.

FYE SN BN TETHITON TN S0 % 22— PR
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DBED AT v 71X cactus stack & 72V K 3 1ZRT
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BT HEND BRE b o TAERITToTWHLEER
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» % join frame ETEDIMI/AZ v 7 ERHOEEZ
BHZENTES. RABICEL TWxiE, join frame it
ZDEDAS v IV RETEIL oL T ORIE%
RTeEXNE IV, 20X 51T cactus stack W
5 EETRUZEBACIBETE S, 72, M2k
5 7e M FALER I R AE L - BIAMT 3T cactus stack
DEITR 4 DI ST D. 2T THHNFEEIHED
FATRUOEE HHROICIETE 3,
INETHRL TR, EFLE FOHI5
MECIED HSDLIRBOBRPMLETH D, WHILE P
IZ join BHIEET BN DD R v F TIRIF R
REBEOFNARRAEL T & i, EOBINRERESN
BHEVIEENH B, THILSEIT join I Y F
WEBIADIZ S BT HETHORERTH LB
zZb6h5. LBBITZRRLEDOE A TS, AL X
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[ thread's frame
e joIn frame

L% exception

——
— N
0 i synchronize

. the termination of
H all threads on
O, the join frame

4 WIS R OFISFEERED cactus stack DEAL
Fig. 4 Transition of the cactus stack after an exception is
thrown during parallel processing.

HELTWABHISEZDEHIC finally HizFETL T
W throw ENR=HADE L EBETINEND
MEER H o, Java DFEIE finally i CHERAEL
TBISNOIE O B BT 203, T OB SN
TR TVWABEICHTIIDDENTED. F,
join J6& AT B 2L v R OFISRE T L X
HHNDAL Yy ROBABNEERTIOREL WL
WHRMEGH D, oL, BhE¥ohd ALy
R, EEi¥ehnsd o ERTHSN (B4 stopped
&@$)%B@%Kmmw¢5&ﬁbé’kﬁﬁﬁ

WERTES, 12721, T TIT stopped & throw L
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throw TR VWL B ZNENDD. BEIX, o
ALy K OFSRRRE T finally 80L& H TR
PLENBLEEARVEIETEEDTHS. £i—
B throw &7 stopped BBLIHEH D finally #iTH
ELTBFNBREBESN THRTOATLESBER S 5.
Z OB stopped B/ THLNTHHEEHH
IZ throw L5 L EBH D Z & THRTE S,

3.3 A7y MEAUMINEE OPA

Fxi3AT V= 7 MEALEFIETE OPA'DY) 2%
LTBY, RRXOT-vELTWABHAa—T%
BV R - BISMLERA IR L T\ 5. OPA 13 Java®)
DEEHELN—RE LD, ALy FEE=F DM
BERY BT, RV EVWE B B IEF|L
BHEMIBSAAE AT Ve 7 MBRYFIEETH 5.

OPA T FLEE, AL v FEOBRZSLT,
SEENF SIS, BRGSO, PR FILIE D

lﬁ.

O May. 1999

EoOIZAEL TRk EE 5. HEANFINEX
MR (#R7) 2EEOHHSEE (FTFX7) o
EL, ZhFhot7 227 2WINETT 5085
ETHD. ALy FOARIZ LY BZEMNIZITS Z
ETRARHBECbRIETE 2. Az oEY
MBETZOICANVET X TOAL vy RORTE/FOZ
LD, BREWFILEL, HEOX Ly RREN

WCHEE/Ff%E & D 2B HUBEED A HIETHY, &
HBENFFIE TR 2 bR\ 7T A ViR I FIL
BT Z ORI BT 5. SR HINEE, thoRL v
R ZITOPERE OB LA EED 5 HETH 5.

OPA TIZ AN FIMEIZEEL Tk, BN a—
TEFALTETREEL I T A7), EROWE
SIS E AR TRSAEORBRERTH Y, B R
Az, HFRNFIETRT — ¥ 7 o — RN
REMBRFAEZRMET 75 ADFT V=7 FEFIET
DX OICEBT D, o, FHMUANEFIAIED I
synchronized XY v K OMIZ instant AV v K& %
HLTEY, Ay FEZORAEETIERICL>
THAHLERAY v F - RAEZEEHEAAY vy FILS
LT, A7V PZHTHEEOAL vy R b0
WITT 7B A TELETHL TS0, BERE
TEHELLTVS.

AL TREL TV D FISMLEFIEREE ST,
OPA B O EFEBBIITEFL TR, 2L, 4
BEOEBTHLRAS X512, OPA TIIEROEH
REDBWERE AT V= 7 bR E BV TR
B - RERIIC AL IAD 2B EREL TV 5.

OPA TIZ AL v RO fork & join iZBRT 5 3.2 #i
IZ$1F % spawn, waitfor KT 2a X527 b
LLTpar AT 7 b, joinar ALF 7 bE
Ansd. KRXTRIhUEZ O OPA 0% —U—F
par, join Z AWV b D& T 5. WHIFRITI R A
Yy FEEOVH LRXIZ par 2T 5 L, FHiicA
Vo RBEREN, TORAY v RRXE2HFHLNWAL v
RTEATBZENTES. £72, join BAMSH
723, ZOXDOETHEIORTET (join 7 ay
7 LRES) I fork SN AL v RIiX, join XDOKT
WBWTEDRTHFMFINDT2D, join XOKTH
WALy RBEERDZ LRV :

o

join{
par obji.m1(); // AL v FARR
par obj2.m2(); // AV v FNAR

Y J/ ERLEAL Y FOKRT LEH
i, ERLEALV v FCHELZMEE AV Cas
BT ALERDDZEE, ROX SICEXE join T
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AV TREIZ Z LT, join ToUL X VIO % join
Tuay s UAERRRTES

{
int x = par f1i(n);
int y = par £2(m);
join: .
z=x +y;
}

T, WHICHHMEN 52 DB x e OO
2= join TANVEBEL LT, HORBELZEOD
HBRETT. UHOWEMLE AVAERES LV %
IZ join Z_NDRNE DI RANVKFIZET— &
T 5.

OPA TOFISMLEORETIE, HARNTIE Java L [H
CThb. L, 7T 32HTREEL ST try
71y 7 NECOWFAE FIZ AL I FIIMIRLT
&5, BIZIERD L SRR BFETH B.

try {
join{
par objl.m1Q; // AL vy FAR
par obj2.m2(); // AV v FAR

Y /) ERLERL Y ROKRT LR

}catch(Exceptionl ex1){ // HISAFF

}

BISRREE 22D, BESELNBZ XL » FiE, E1E
T AN finally 8% 5795, ZOLEFHEALTWY
ATV boay g8 bfFHT A, instant A
Yy RTEAT V= hOF -2 E—ELCESHT S
2, —FEEH LD ANCE SR ORI E BT E
FaAThRv. Linl, #5h% throw 3 3RNC—FEE
FEITVIEWEAN vilush US LV EHFTHZ &4
T&ED. ¥z, A7 V=7 FEICERR o AHD F
WToA7TT = MEOBRO—BERFACEL Tk
BEIMICII R SRV o CHRIICER 3 2 L BN
H5.

3.4 OPA [z & 5 ERH

FIHAMLEL D 72 D join-par DO &, FISMLED -
® D catch-throw DFLIR &V I LHERBIDEOFFE=
AZ 7 b ERAWTRARTEBRRAIETHDZ L 2F%E
AW TRT.

Bi% objs DERDOAT V27 b T _RTUZHONTTF—
ZWFIRIC LB E KB WBETIRO L SRR T
x5

join for(i=0; i<objs.length; i++)

par objs[i].doit();
BinTree 7 5 ADA 7 V=7 N THER SN Z oK

DETO leaf D item DOFIZEWFNT KD B LLHITK
DEXIHRTES :
class BinTree {
int item; boolean isLeaf;

BinTree left, right;

int getSum(){
if( isLeaf ) return item;
else{
int x = par left.getSum();
int y = par right.getSum();
join:
return x + y;
}
}

}
EUTOLICRERT D LT, H—, BFniEs)
FHEPIZASNPEZ S BETY, WHIFHEL DL
TEDBISNZNETE S -

try{

sum = root.getSum();
}catch(...){ ...
}

BHEOAL v FRWSICRERRL, HEEHK O
EROTIEERREBERTIRIIL2EL 5.
RERDEFETIRWIIRRZIT>TNDTRTDAL v
F ORI L W HIBEOBRBSETH BT
nyg I REHCR D, OPA TRRFINMLEE A
WTHEFIEITL TV DAL y FOKRTERBIITH =
EBTES. MUTICHI & LT OPA IZ X 2% — D
Ry oHEERT
/] AT TR
// (B EZiT LD D)
public class SearchStart {

public static

void main(String argv[]) {
Table table = new Table();
try{
join{
Node node = new Node(0);
/7 WFVERRBERA
node.search(table);
}
System.out.println("NotFound");
}catch(Found excp){ // #ilsMLE
System.out.println("Found");
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/] BRERRD ) —R

class Node {
int p;
Node(int pO){ p = pO0; J
void search(Table table)

throws Found {

if (BRFER)
table.add (f%);
else{
Node nodel = new Node(2#p+1),
node2 = new Node(2*p+2);
par nodel.search(table);
par node2.search(table);
}

/] BERETBEII A (FAREETD)
class Table {
int[] answers = new int[2];
int n = 0;
instant void add{int ans)
throws Found {
answers[n++] = ans;
if (@ == 2) {
vflush;
// BISNERESED

throw new Found();

}
4. EEOERVTA4IR

X 3 /X 4 1257 L 7= cactus stack iX, WFILEH
DEYVDOFHEEZRLTVHEERDILEDLTE, BB
Rk B A ENTED. ZOETHR, £7T
HMamAROBKRER (ABEOHLEZH, Eich
e EERS) 2oV T O (continuation) %78
AL, Wiz, ThiikEL THRBMIEFIREIC >V
TRRAE RS, BB RGOS E LT
B, BLTFTIR3) THOLWHRTWARTBIECH .

May. 1999
Btz M S S R ORISR
I' ¢ Com commands
E € Exp expressions
L € Loc locations
K € Con constants
T € Tag catch-throw tags

I ==L:=E|['; T

| if E then I’ else I' | while Edo I’

| throw T |catch T in I'|try I finally T’
E ==K|L
R okeEE ¢

€ € E = {false, true} values

o€S=Loc—+E stores

feC=8—4A continuations
KEK=E—=C expression continuations
p€EU=Tag—C tag environments

A answers

EREE

K :Con —»E

E:Exp—2K—=>C
C:Com—U—>C—C
CIL :=E]p 0 = E[E] Xe.Xo.8(c{L — €})
CITy 5 Te]pb=C]p (C[T2]p0)
C[if E then Ty else I';] p @

= E[E](Xe.e > C[T1] pb, C[T2] p6)
C[while Edo I']p 8

=fiz 8. (E[E] Qe = C[T]p ¢, 6))
C [throw T] p 6 = p(T)
Clcatch T in I p 6 =C[I]p{T — 6} 6
C[try I'1 finally I'2] p @
=C[[1]{T1 = C[l2]pbs,...,Tn = C[I2]pbn}

(C[T2]pb)

where p = {T1—81,...,Tn— 6,}
£[K]x = x(K[K])
E[L] & = Ao.k(o(L))o

7L, o{L o e} id, o DRFFTL DfE%R ¢ TEZ
Wz Bh, E77, e 01,01 e trueD L X 6, ¢
falseD & % 6, THBH LT D.
UEDFRHNBHRRCED DN BMBTEREE, KIC

ZOINRE FAWTHR S, URES B BANC X 0 #dE
BEKSRE ERTH LN TE D, REEHIHA
THAWHANT stk s:Loc— Con &£ T 5.
SCHRDHHERAE T -

G € CCtxt command contexts
F ¢ ECtxt
C € Ctxt

expression contexts

contexts
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C u=G|E:F|protected:: C

F ::=update(L) :: G|select(I\T): G
| then(T') : G

G u=T:G|mark(T) = G
| £inally I' :: G | pmark :: G

IhREE B2 BIA (s, C) = (¢, C)
(s, L :=E:G)— (s, E :: update(L) :: G)
(8,71 ;T2:G) = (5, T1 T2 = Q)
(s, if E then I'1 else I'; :: G)
— (3, E :: select(T'1, I'y) :: G)
(s, while Edo I' :: G)
— (3, E :: then(I" ; while Edo I') :: G)
(s, throw T :: T :: G) — (s, throw T :: G)
(s, throw T :: mark(T") :: G) — (s, throw T :: G)
(s, throw T :: mark(T) : G) = (s, G)
(s, throw T :: finally I':: G)
— (8, finally I" :: throw T :: G)
(s, throw T :: pmark :: 3)
— (3, pmark :: throw T :: G)
(s, catch T in ' : G) - (s, I' :: mark(T) :: G)
(s, mark(T) :: G) = (s, G)
(s, try I'1 finally 'y : G)
—+ (8, ['1 :: finally I's :: G)
(s, £inally ' :: G)
— (s, protected :: I' :: pmark :: G)
(s, protected :: pmark :: G) = (s, G)
(s, C) = (&', C") 72 i
(s, protected :: C) — (s', protected :: C')

(s, true :: select(', I'y) :: G) = (5, 1 1 G)
(s, false :: select(l', [2) = G) — (s, T'g :: G)
(s, true :: then(l') : G) — (5, T = G)

(s, false :: then(l) :: G) — (s, Q)
(s, L:F) = (s, s(L) = F)
(s, K :: update(L) :: G) — (s{L » K}, G)
finally Ei0D XD FEATDOEILIMRDOZ OXIZBET 5
ER843 % protected & pmark THEA THRET 3.
IHRIE, ISEEOFE SR SED 2 LR TE
. DFY, XARTMkGEE o Ry NeT —F gL
LTERBELTNWSE. IHIZWEHE, catch-throw #27
ERWEHRHREAOMREL AT — 2 HiEoHh
Tar Xy MERBEL TV, 2O X DN =y
R T A BETRETELZ0E, ML Lism
SR SENR BB E TS LI T DT
H5.
T, WHERBZOWTXRO mH B, BKETED
DIRENTEODBEREHDZENTED. BxD

MWD AFIFFEL, ROLIICa<wRFT I
<K, join awr REBMLELOLERS.
WH|EFEOMBE ¢

' u=...|par I'| join I
iz, BAPBRIZBIT 2R C by A5
FUSTHARIL, RO X 572 BERERIRIRE L7225,
W EFED RO HEAE L -

H € PCtxt hierarchical parallel contexts

G u=--.|term

H == | E :: F|protected = H

| CHI[ - [[H) = G| (H|- - |[H), = G

ZT, (H||-- - [|H) OXAROIBFITEETHRL (B
HICANREZTEYY), £ EhOXRTEFcE
EHWRABETHD. () 1T 31281F 3 join frame
XSS, ETe (), BRI 41280 2 1Lamd
® join frame IZ*IEd 5.

WHIXREEBEIBAE LT, BRD (5,C) —
(¢, CY D C & HICHABZIZb O L DBMES%
RY.

SChRE X2 BRI (s, H) — (s, H') ¢

(s, join I':: G) — (s, (T = term)) :: G)

(s, {fpar T :: G||---) :: Go)

— (s, (T :: term||G]|--)) :: Go)

(s, (texm||---}) : G) = (s, {++) = G)

(s, () = G) = (s, G)

(s, {throw T :: term||---)) :: Go)

= (s, ((throw T :: texm||---))_ == Go)

(s, {throw T :: term|[throw T' :: term|-- Na

:: Go) = (s, ((throw T :: term|| - Nq 2 Go)
where T # stopped
(s, {throw T :: term)) = Go)

— (s, throw T :: Go)

(s, {(throw stopped :: term|| - - Nq  G)

= (s, Ny 1 G)

(8, (D : G) = (s, throw stopped :: G)

(8 (LN = Gl -+ Ny = Go)

= (8, (- -Dg = GlI--D = Go)

(s, (T GI|-- ), :: Co)

— (s, {(throw stopped :: " :: G|| - - Nq 2 Go)
where T" # throw T
EROZHOOHRABFANABRFER L 2V ELESELN

AHE0OHATH S, 7L finally Hio=z— R %%
THIZ, DAV y FOFIARFERL 2V EESES
B EMRRNE IIZ, protected SN IEFISTHRIC
DNWTIIFIE SR LR D7D OHANTAR .

XREE B2 BANCIT, FEREHREFIEITOLD

T par =



54 T R R

o ERRICA T,
(s, H) = (¢, H') 72 &1
(s, (H|[---) = G) = (¢, (H'[]-- ) = G)

ML THL.

PAET, JEREMRBRIERE KR R A FI SR
WoWTEL T, B—OfRE s LW THAHL /&
XABBEERITo TN DT, BEBRIEFIRES &L, s
WP B A RERBREFIE /T, s b [FREREMES]
FRITLIERD Al OEG~FHRELTEHZBHT
LHTEB, LLARL, Z0X5REREERC
Bzl L THZREHEVRIZNLIET, LA, B
BRIEFIRESE S D BIS L VX, BEBRIEFISCIRE W
57— I REEDEFHML T FR IV L. F
ZIE, MBS LT throw A3 8 O X %5 7egh#
EEOOMI, MBHEISRETHAOBMTES.

72721, BB SRS IR EEDOREEEHED
ZF R OEAE, BEENIES SONRE Z ORESEE D372 D
S EET B, Fhik, BHNCEET ARV v KA
WEFBETICALT s 2 BET2BETHS. 20D
DIl H DAV v FREEALEETE, WHICEET
BUOA Ly FRFEAEEZLRNVE SICEMIIZA b
TESEEESEED), HOAL v RORLEENKDS
ECHAEXE LRV L S ICHRERBRINICOBES S
LZONBECRS. bhbhOBRBLTWAA TV
7 MERXHISETHE., ERNSBEEL T Vs bR
FOIT MU L CIREL, T, REOOEEE
FT Pz 7 MR B AIERIC & B E e BRI
VP R—-FL TS,

5. ERIEXOHER

BRI DREST TGS~ T8 catch-throw @
7 EACTRRTEZOHL, TZETORYE
XTiR, ALy RO join BEThERY BHir—BN
D join 7 vy ZIZHIET B bDLIEESTUVEZ., 2
Y, FlLCAVy FBRERIND & &, ERITD R
Ly R EHED join HlA D EW-E LTV,

FLERROTE B R, HEESITY join ER X T %
AWTEBIRTE S L 90 TED. Thicik, EXRRT
cathc-throw 12 & 2 BISMLE O Wt D& % B AL
v, BERREXE L TREDOLOREZLND ¢

do {
£10;
}join(Totall s1, Total2 s2, ...){
.o S EEISET RO LR
}
¥ Y, do-join EXEEML, do 7 vy 7 NEOD £1

May. 1999

DETPCAERENTAL Y FD 5L, HEFKREE
Totall, Total2, ... DWTHLD7 T A (EfidH
TIIGR) DAT V=S FTETHLOTRTEERHX
®5. o (BBD reduce XY Yy NiZky) b—%
NWLUTRER% s1, 52, ... DELLT, FAHETHROWL
#% join WIZFERABT 5.
IOLE, WHNCHEEHAETSALV Yy FEAEKT S
FEEFROL S bonEBEX LS ¢
void £f1(){ pthrow £2(); ... }
Totall f2(){ ... return new Totall(...); }
T ZT, pthrow DERTEEZHLVWAL vy FERWT
HETHLOETSH., ZOFHLWAL v KD join 5
¥, pthrow ShaROBERAWTRRINS. 22
T pthrow SN2ZHEOE (FFR) LTH5ZLiITTE
2. ZHIZA VY v ROARKET join EREEDL
2T R BN eHTH S, join FehdEMANIRD
DIBETEED L LIS, EFRKDLNLDEFR
DZLHEREMAEToTVDZ LIS TLE S.
T, RHEEREET HDD Totall DX 572
T R%, VEZ2 3 DiddD reduce AY v K&
FoLT5. FIZIEROK 57 Sum 7 ZAREZ L
hd:
class Sum extends Total {
internal int sum=0;
instant int getSum(){ return sum; }
instant void reduce(Sum a){
sum += a.getSum();
}
}
ZHhIZ X VRERD BDICEREINZALV Y RO
BREELDDILBTED. FFEOMFRL LTI,
VE 7 ar DIEFIRETHEHTH D LLTRLZ
ETRAREEIESTESLEXONRD. B, &
Ity Tr—AICBIE L DL Vol EIE L
EN3dLT3. bHLAALEDEDIIIET v I T
HAEE ARL RV EWF R, T Es o=
VAT BTEBEIND ETHIT RV
pthrow = A b5 7 b TiE, HTFRERBL <
TEARLARVOT, INLWBRTEDLIITTHZ LD
BT 5. FIRIERO LS RERETREE TS -
void £10{
Totall par{ ...
Total2 par{ ...
}
AU, par 70y I DHEFTT LAV y R EERT
BN, ARLEZAV y RBHETAED Y T 2% par

»

return new Totall(...);}
return new Total2(...);}
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Ay AT 7 bORMCEEL, HELZMEN return
TETHDTH 5.

PUEDX AL T join B BINTEALHCTAZ
ETROAY y EBRAEL D, —21F, join XDOETH
BEEXHUT DAL v FOARE join 7 v v 7 NIZEER
TEDEDW ol L THD. BFE, JavaBRERHIC
EPNTTATZ Y0 OPARRBITAERAZREL
TWBH, join BT vl J AEEKIZHET 5 L Hie
ALy FeHRE Java DAL vy RIZIEWWS D &7
DEAANRAESICRDEEZONS. b)Y —DODFK
X, 1% 5 BFRBBED DI AL vy REART S &
HMBEGFNCETTE B LI Ro7I L THB.
BIZIE, AEEDT —F 2 AN E LTED leaf £ TIZ
DWTAL w REEARTDZEEFZENETEAY YR
FRR U< T binne &, KEEREFIIl 3
&V ) RS FRRIC A2 B

6. RELOBER

6.1 RHABOSEE

ALy KT RBOHEIZE join frame & AL v
FoboEBEREZANS. join 7 v v 7 OBRER, join
frame Z AL AL v K EAER I join frame 1T
HELWELEFD, £0 join 7 0y I NTHER A
Ly RBRERENTCREL, BALV Y FOROELEE
LWA L o FIZT 5%, join T 38, join frame
HSOHEAFIRT. ShIZEY, joinT7 vy 7RO
FTRTOXLy FBRET LR, £ALyRIZksT
ENFEHRE join frame BEMZF o TV EA
BELLRY, AV FETRMOHERITZS.
6.2 HISMLEBORELE

BISAE O EEEL, 4 BT 47 2Abbb
DB E DI, WHMBERIZFHEEL SN EE 54 5
DEREORA P Lie s,
BELEFNEBREDAY vy FNTRITIEDEZZ &
NTEBERNE, ZOFMIIHET 20BICBITT 5.
BEDAY vy FNTRIGEDDZ LB TERVER,
FEVH LD A Y v NIZ ISR IEL, BEOAL v R
NTONEE AL D, BHEDAL v RN TAETER
W& EIEED join FEICHSNMEZ B, join FED join
frame IZALV y REIL 7 F 7 %35 T3H. ALy FELER
7 Z Z R0 join frame LD AL v R finally #i0
EITHERE, QUEPTELEG R BT ET
H5b.
WEOREOHIZE, R—V - TEfT5 L 57E
ERNELRY, RV I OF ="~y FERLy
RRELEENDZETORBED L —FF TS, —

EOR—YU 7 2T D HFEO—DIZIE, £
2y LTSN T S 7 b EERL, BiS T T 7N
S TWE E X FSNREEL TRV EXF Y
7 DOWL ETHWET R LWIFERELORS.

¥z, FISERILEZAL v R, finally DAER
BWEZAIZH B join frame TO AL v F DK TH
HEITOIDHIZ, BNEZAILH B join frame 124
AEBZDETICRHER PO B AREER LS. Zhi
FE ERET B0, HOMLLHRAL y FEE
7T TR BE D72 join frame [TRD 7 T 7 % 32T
TEBWT, EOT7 77 ORENEET S ETIHRERD 7
5 7 DD join frame DR L v K OO E
ETFTRBLIENEZOND. EELBEES T
ALV ROFEREEEVWESEOHENILE T
LESTEEEN DB, ER/IEYF AN FERD D
LIZTERY. ZOHEX [ RIARO RO ET
ERBXETLRN &0 ) Z A7 ORIEIET &
Ezxbhb.

7. BEHE

7.1 Java

Java OWFLEOFTRIZIL Thread 7 T 2%
%13, Thread A7 P2 hEARTBZLIZLY
fork 21TV, join X FDFT V=7 D join XV v
FEROHTZETITS. LELIDLHSRAL YR
HIEZLT 5 =911, = —¥H Thread 7= 7 b
PEBTINERD DD, BYOBBALRLTL 25
MR H 5.

Java OFISMLET, EARMIZHINBRRBEL AL Y
FHRTEZOFNEMRT DL ICHH SN TS, £
7z, ThreadGroup 7 =/ M2 EATEHIL T, &
BORV v FILHT 285l% b2 BERFICL TV 3.

OPA X, Java L DE#HMEZ TE AR RS LI
LTW5h, OPA Tix&bHiz, AV FTERAELR
BH % join FBWEZ B & & biT, HBED join &2
DALy FEHBNKKR T ST B8 TX 5.

7.2 ABCL/1

WHAT V=7 MERETE ABCL/1 Ofistuns 9
X, B A - VIR AEIEL LCRBT 5. Hl
HNFARRIIHS A v - OBERENAT Dz s b
W EENS. B A v —UOFERITIE, FISRN
BELEAY v FOFATRLBEITIGET T, ZDORAY v
FERRELELIT V=7 hRRERA vE—D% 81T
BAAT V27 FBRERENS.

ABCL/11% T%FIZT V=27 b | KESESET
HDD, PISNLEL, PIARERFOLNFLT =y
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FOBWRENEELICERT S ETHAL TS, £
HIZRHL, OPAIZAV Y RER—RLLTWVWEED,
BINQERIT AT V= 7 b ERMSLIZ catch BIICFERT
&, FMORAL Y FOABRTERERRL TS,
7.3 KL1

KL1 iFREAEECH Y, PN IR 1Y
ERANTWS., HRLIL, bA8EOT o ADT A —
FOZETHY, TA—TEHBZT R LEOVT
TRERATRTTHEHIN TS, iz, ERIIAR
FHEEIZTE D, o ARFKAESE-HIMNE,
R TCRL, 07 uw ARBT A EEREMATH
Phad. HEOANNL OBREOCTDIZ, fEXNY —
LEHIEAR Y —ARHESATBY, ZThExHAWNT
RS TREL S EMBBL D ENTE,
Fim, EEANEICHHGREELZ LR TES.
KL1 & OPA Ci%, WFILEZ BT 2 HMLEDE
ZFEETND, L L KLL oFREI, AHAZL
DML TR REBBIENTE, £OF kR
OESNEER D LEZH LN TES. —F OPA Tig,
B B RE I MIARD h O— O D TIAET B
AEBILEBZTHD.

7.4 Qlisp

MO Qlisp? 1B EDEFE2LART 7 b
ERAWTHA R E A7 OWFILEE HRICERD 2 <3
WEEELTHZ R EELTRY, AL tET 3
BB, ST, WHLIE R OGS RAERIC RS
BIED AL Yy FRBEILESEREVWIT AT T 4) D
PTRARLR TV, £, £OH#% Qlisp IKIFEL D
EEaLA LTI MBEMALR Y, BTH quait 2>
A+ T 7 M, BAa—TIC LD ZOFEITHITER
LETRTOALy FORTE/EOHDOT, OPAIZ
BB join AT 7 b EASOBELFO. —
¥, OPA Tk, 5 ECHRAEL I join 2 AT
7 FNERFEERLTEY, FSMLETY SRS b
A0 L FEEEC, RHAETY join EOTDDF TR
FEWST B A X DA EHERL TV,

7.5 —RMEEHNELO
BREFICRO TR ORI (=Hkk) 27—
&L LTH OB E R AL T, FERETHRHOH S
B O —F R Y OB E TR TE 5. WINEE
ZBWTIL, aA—F Ok 5 BRIz oW Crkiks
DR THEBIEFTNCBEB/I b0 L UTER
TE 5. T, FERAFBEPHANMLEIL DN TIE—K
fi A AV S TH AR TRARTE L L 972 catch-
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