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BHBRFETESTHEEMEZ — XHFTEFRITHIET, 10 Ada83™,Concurrent Pascal, Actor™ 1
BB Javal % Bk PR EGRBFRIE ST O L A — 23T 0H L RFE B RE SO R X
$RAE AT I B RL B4 Adags FEF £ & WK 1 Task A Concurrent Paseal B FH R Process #l
B .CSP R AR ABCL/1 WETF EHHEFEEAM Actor AT,

X EERFRITESHTFRTERA N FRE-SEFHHES  ERE R M ERHTITR
B FEXRENEANIFT SR EEEIM Y EELXRETHEXRERRATRET PE8. HE, FRHE
APHFATREERE8 R EM AR ERES T M —RRE. BEEH A EERTHA
W E A AT AT RUEREUERFHBLSESRERARTHREFLENE, HETRERIRA
A BEREE, TS EREMRENGAHE. BN EUHRNAERNEFERE—HEFRIHETEI
FrEFIT I HEA.
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WBFRIHES 5 B o, TR FF A7 e M SRAE SR . AUk, Br 4 0 38 F LM ol RSP AT E
MMSERGEHNEFRITETPRBTHHARSEFENER. A TR—-MET T XREFNTAMNIFTE
BT 8B —BFER RS R EHATEE R AR R RN RS T AR TS
. RER M LRE R FRARE B EROMTHAR K RN RESULE,EETINTIHTEEIE M T REHF
A, BER —MEEMNH T BB T 8 Java, Ada83 PR A (5 HIRRT HERMEE SR
FARBEDFFTER, R AR MR F R E T RO TR TR R T EN.

1 F#TWESH

e B R T B R AT B B 28 S RSN A 2R

EEBREREE N HFTHTRTHAEE SR xR L iR L AEG. WEHEL EEH . Concur-
rent Pascal HE T ERE Process HR! Smalltall £55F PV 1B Process A Java W RETHEKN LR
BEA. -

HEARREHS I HTRTETMHERRERNNERRFRXLARSMER RAKAEER,
Ada83 B RS AHLHHY Tesk HA CSP &9 38 {5 BAUFT ABCL/1 ## I 2 Frilf iR ISR M 15 3 Actor AL,

M ERAERHBTIFFAREERA BFRITES T REAREFEXRERIBRFEAFTTERE,
E—-RESHFRTRTE XN ERE, M Task, Process Wl Thread ; e " R 5B ENRHHFRHXBTF, W En-
try, Synchronized H. 0B 2 XX BFENES 1 AXBFHAEMRTHEH B, BRERL -FE TR
ERFTHRER, ROTREARFRIES PR R MESTSBEXBRRTATAARN KT RR
BERELRAMACBFRAHERACR BEBBOT.

(1) STLA#F Thread ,Process, Task S E 52k 28, & — 1T HAT AT R — DX R X LEXT R BT PR
AHITEHAE. SEAMSF AR, ERIXLM SN, RAEEREM - RARELELE, AW iKE
HREE, MBI ERS L HAES. EXRNETERP K IFFRAMUTRYE. R TN, HEH—F
S BA4b T 148, 5 T #H Thread,Process Fl Task X BERFERET S, RATIIA T R 2EH I,

(2) Java W) synchronized 32885, Ada83 B entry,accept,call X BFENFERHECIT TR S5RALM
EEEEHAN, BNFZ A ERAE". 6110, Java BREPHE—DAHRBIT =MW synchronized KB HIH
Fonf, BAEESEE - RAB, XBABERE EM KR ERE KM synchronized MBIETEB HH KB RA
B SR E A 28 B HE A SR DR R EBIT T %5 Adal3 BEPHAIT —1 entry BT, A accept I W HYE
#F18  call i) AU E & 85001 % B 510K — B A0 AR 15 80 (U6, 0T RS 2 Ex A Z A E W
(R A A E. L FATSIAT auo L.

(3) EH L, MAXBFZ (B 2HEFXE M, Ada83 B BFRE FT Task MK, T E1 Task F KT
%4 entry. ABCL/1 #0185 B i &4 Actor AL, &4~ Actor XA B script. T RBGXHEAXR . RITTIA
THRERLEH.

(4) HTEER BT REFH RS M O RS HE T AL BIISIA T REE RV PR
AR FRERTE.

2 AEHLE

EF LA R R RS R AETH ESAN RATER R MAE T EM RRY LM RN
RFTRESZ ABHEFTILHE.

(1) 15 B¥ORAFE, B2 24 B & (unction class), SR A8 16 0 B #C2S A A1 4L. WAL ISR L B4 —
R AR AR R 5 X R SR EE IR, RS TR A 28 0 W0 R OR FE T AT B 4 A B L B R B AR T FR R,
AR — B AR 0 FEAE 0 K B R M A R T S X A e R PR BRI R R R —
BYL,— IR SR, RS R A HE T, F A REEFHEREF.
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FEHEEEIEE RN T EAERS RN ELEZETUFRR T AT HNRIES
HWHAMHE AMEFATURERACHBE, NS RN RAUB A create MR HE 3
terminate , XM HE SR EI M3 S A A 1 TR 2. X8, BT ST B4 task ,process, thread &5, #8581 LE g 232 4
BT

(2) BITUEZRRBRE. HE-TRENTTUELS 1B NREXLAFEXTE B RIIKLE B IE
ABHIS TE A 92K BHSMIE. MR — 28 C RREAT 120 P, AT W B #r 2%

T R R 1R 28, MU 2S P B 5L PR 0 T LA PR R M B S 28, BRI L B R B L B R S B T D R
RARERRHR. MERAESAUTRANAEEIBER T RERANERSH, R ARELSEH, TR
T EHRE TR PR T AR EX R,

ass D s O BEHWRER KGR0 4R [ 48 5 2] e WA AP AR

@ R T 181 2 M i I Tl P 9 2 — B 4

MERME T RCBERMEBMNMT . mRE A BRCHRELR, BA C SR

1 HEpEswgtnssier DXARRKBNBLA-THEEE REDHRER mEH 1
B .

(3) auto HLH|. 15—~ 0 HY 3 ol PR B BBIR B K auto 49 WAEH TR TRHWERRMTZ
B, — R EANTERM SRR AR AT ROFHERIFZE . 2 BERTHENFAER. Y 5E 1
W — RO R REN, B, B TRT G A aure BEL

FEFIN auto HLEI M ERI 2 b, RATHEHE 5 B2 o R MRS, ¥ 55, R4 % X “ M % & 3 247 (abstract func-
tion class) , i & o6 B 2848 ¢ 2 R EEHEAT S AL (DR BB BRI A W B 326, & HAR AT 0 4 1 1t o S 5k K. b
BRYAFRERE NER AR enter O TN BR exir( )T L EMLFEF T Rauoly. X BT auto
HE,— PR F GRS RAERREOBR— R R F. M EFRYE F, #RAZ W, LFRAE F.
B E R E enter ( ;T F WA G, R AIRA Fo B E R exir ().

) EBERANLEL KM FR AT IE S P 53T ML 8 X BB ST 2R X
B AR TFR

Task, process s thread SFIMIREE HATIRATETH R BT, TUET A SO R ELEA S OBEMETH
BT ERR TR R,

SRBHMAT X RT 0 synchronized %, T LM (1305 02 652 AW, RITH Java BFF
synchromized JBFRA H R B Synchronized _ funcrion, R AN EIZ A /W EFTHANTHEYR
GEMEATIREI auto (). T J5 , 34 (714 BT 7 B 5 R 3017 #9 o 301K 90 4 i R 2K Symchronized function B
FRGXE, BSENTHA TN, R & E T Synchronized_ function HE L HEBRAAE . XTI EFRITHE
W CREAHHELE 4 THHF).

KEFRUNAYERRE, B LUXBFZEARERASEFMETPIHTH, MR EN. T BN %
iFiZEwilllPE e

BELE RIOATLDEEECRLHEAMER TSR EAEFEER LGSR B, S8R %
@777 2R A R R BT H 8 A3 W, “lask 1" ERENES THLBF task 78 ¢ B—4T
FOMIH MERINHXBEFRAEHBET  ER & rask B~ I Y& task”H —FBERE  BF

F“t is task” Bt inherit rask”.
3 FITIER

A LR LG RATR AT LA o7 S o R H 0 A 5 R AT MR T X R i o o 1 0 R S ALK B
FATESRLI Y. EREARYWEH AR ERGHRBLL T RE X L, HMREE M
BA . R AR TER RN RELMIFTHRAMRAE— 2 — A%, XEXDPEFHFRRZERE
4 AT 8RS U (7] 20 3 R A DL AT
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HOERGHEBREG R — L5 2GREEEERMNRE U EEUSHTUBRRFHEFS L
ISR YL ey I X ROE E KR B AT B LA ESRELANARERENEBH FFREX
KB RBTHRARMEIFTERNBOZ T R E EHRAES P “HB SR, HE8 B
R#¥. -#H#TRENEMEXF TR IS ERAFTERS X - T EHE—1
ERS.

FEATHE B2 60 A SR T T T A A R SRR T MR ARG R PR 28, I P E L A AT
R 25 FF7 R HER (] 2, 4R — R B AT LR E — M AT 3T 2888, LU B i E B iy
FEMEFIH (R, MAYSRABTHFRNERRRWHME 2 iR,

class task E‘Z’Fﬂjﬁ
g\@ — B LA

class PC is 1wk

thread producer{ )

thread consumer( ) @@__
—MERREFER —TRKERBHMITF
Wz ETHRE A ERNRER M3 HATERGHSEHREE

WA FAFTEE, RITAHEESMA T RUS TR —HEEERES, AEAFNCHI
HEILE, RS LREATIN, ABEE S AR RBRIET AL RBE T FR T HAMN HTEE, ET
B SRR R B T R WA R A R TR E . A TR R LA — FE S A S AT EAM E .

HTFRE HTHEM Y 2 BT T ERR ST R R T R — 0 800 LR, BTl TR R R
SRR T LA ALHE B R 1R T Ry i o, 1B 2 0 BRI B BRI, T S M A AT RE L T
MR 7 5 B AR BB T o R o 3, BRI R E R F RR SRR B IHITAE IR R T R T R4
R B TREPRATRL. A 3 R S ATESTLMR—MERE, hiEFTHX BT EFREME
HITED.

4 = HAnGF

25 A T R B A R SR A bR SR 30 T R A S LR B A — T RATE S R  AL
T4 Java B B SRRBIRL Yy (B E, ERMAMEH AR C . +HHREERS , 5 A 5 RSN A X
FHM .

WETH v BESHERANDRSEER XN Synchronized FEETF YT RH ETEHEAY wair
O norify (VIR (REF - FRFIID, HE LB 5 Java #[FE. H 35X B8 & —1- 8 8 & Monitor #{
BB RERBRET PV BRE, RITH PV REETALTF Synchronized XETH £ WEER M.

HITHHATERLTHER T~ Multi—thread XP, HPHRT XHFHTRTRTH Thread M X 5F
FEALE B Synchronized—class 2. BB RM T .

class Multi—thread{
class Thread!
terminate( ){ / BB RHT-HE
.+. ff terminsting, releasing cccupied resource
--. // Notify Multi—thread: :self to kill the thread
}
meta create{ encloser: Multi_thread){ / SZ53 & St 41 82
«ur /f Create 2 thread according to code in self. Run(>
... // Pushing the thread object into the stack
... // Pushing arguments into the stack
... // Get the entry point of seliclass
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../ Set the teminating address
. // Notify encloser to register/schedule the thread
1
virtual void Run( }; / 1 FREH
} /#/ End of class Thread
class Synchronized _class {
Semaphone mutex, condsem, urgent; / Semaphone /& H RSR M 7T 250
int weount, urgentcount, condcount ; # 3 ELEE
wait( )¢/ MFREFAHBRYE
cvondeount =condcount+1;
if Curgenteount’>>0) V (urgeni); else V (mutex);
Plcondsem);
condcount = condcount +1;
}
notify ( 3{ / PP FHAY B
urgentcount == yrgenteount el g
if {condcount>(}) {V{condsem}; F{urgeat) |
Urgentcoun‘C:U.rgentCQunt —1 13
}
abstract - function_class Synchronized{ / ¥ Synchronized 38 FAoAL N PR EHE
aute enter{ ) {P(mutex)} / iR, FiLAT ¥ auo
ante exit( >{ / AR BFIHH K auo B
if (urgentcount>>0) V{urgent); else V(mutex)
H
} /4 End of class Synchronized
v/ End of class Synchronized—class
} // End of class Multi_thread

TR, AES T R BRI 3 rerminate( )F create( ), S5HLT Thread 28,830 F PV #2Esk
HBRFACHL , W T Synchronized 284 B H A58 Synchronized—class 2 5T {1844 7€ Multi—thread 289,
{8 A P ESRET, BB R Multi Thread BEERB W EREFH, K E& Thread XH 1 Run O BEE
B 7 R R B RS (1 O Java BEMVBR AL, RE— T EREMNT R 2L NE BT K
Synchronized_class Fr B P28 Synchronized 3 4 T S ¥ M £ B H A AR A28,

TEHREE-TEEFEFSBNERESRLE MM ERENFFITEHA T,

Multi_ thread Praoducer_and_Cansumer{/ Producer and—Consumer J& Multi_thread #-F28

SharedQueue sq; / 8BS E X SharedQueue, 3% SharedQueune & FE X W T H.

Thread producer (speed: integer){

Run( ! ... ; sq. Push(random—integer); ... / VIS ERE speed R NN
5 sg. }
}
Thread consumer (speed : integer) |
RunC ){...;sq.Pop( ¥; ... # CAHREHIE speed W AZEIAF) sq PR BELLE. )

} .

Synchronized_.class SharedQueue! /' SharedQueue 285 Synchronized—class HEdyF 3.
Element + Head=NULL, Tail=NULL; /# S AFIL3EFE 5.
Synchronized Push (int aValue) {// Push B¥ &% & ¥ 2 Synchronized B —TF %K.

Element * tmpNodes
tmpNode =new Elment; tmpNode. value=aValue;
if{Head ==NULL) Head=tmpNode; else Tail. next —tmpNode s
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tmpNode. next=NULL; Tail=tmpNode;
notify( );
?
Synchronized int Pop( ){// Push 8 #Z 1% 5 #3% Synchronized ) — P T-3%.
int TmpValue;
if (Tail==NULL) wait( ),
TmpValue =Head. value;
Head =Head. next;
A M E B Head 384T B8 M2 RIARE . R IR A4 L5 B 2RI &,

return TmpValue,
}
»// end of SharedQueue.

} // end of Producer —and—Consumer.
Producer .and_Consumer pe._test;
pe—test. producer(5); / HHEE 14 Producer Z8F8 HIEFT , LA TE[E 575 4 #h 5 L 20 pA 51 of 3
pe—test. consumer{10}; / 4 & 24 Consumer LB HEFF, LA B 10 2 A 3 o B Y
pc—test, producer(8); / AR E 2t Producer £ 21T, IR £ R B EIA R hE
LT3 -— 4~ 5 F M B X k3 F, Thread, Synchronized._cless 1 Synchronized 1§ £ 18 B F producer/con-

sumet . ShardQueue 1 Push/Pop R IRH M BT, (AL B9 5 & producer /consumer . 3§ SharedQueue #l
Y02 Push/Pop 85720 35, 3X0RE, 385 4 7% , producer /consumer BT HTAERE, ELEm ShardQueue
HIX & sq PRAE T SHIRE R HH AL ESRA T HS, F i, B F 8 producer /consumer 428 FH &
¥ Push/Pop 868 T 1% B 30235 Synchronized B F HBEH S 112 8. 50 ) Synchronized 220 auto )
16 BR M enter () ERA TSR 2 G, 5 & 38 Al Synchronized 2 1 auto H7HI XL exir( ;3 H.,Push/Pop
B 3 T LA B T Synchronized _class 26780 & L #Y waitC YFT notify( )X SharedQueue A R IRE , &
BENEE MR X — R P A FR LI A ORI R AR, B P R — R TSR i R T R
B 17 1R 3R rP 4R (L A O 17 LR R 25 L 4

5 HWiB

EXHEBRTLEET SIATHETERM LTSNS FRAATEREREEEEERAR ST F
R ERANIR T o Bt %, AT BB FE — 5 % % i SRR R 500 7 8. 484 3060 B RSSE 1
— T AR R IA T AR R L AR T R I SR LA 2 i R LR K 8 A E BT TR
SR AU F AR R ARG e,

HERELE A Y B 7R H BT 0 5 HE R T 90 B A 0. (AN R B R S M X — i B SR B 7 A 4 1 5E
BAZ. B FrFF AL R TR, F 7 28 0 3 B A (R B 4R & FOR FIAE SR A R
i FH X SO RE SR T [ % B B ML R AR A LB R, B AR - E M R B S R — TR P R
R NGO ‘

PR R EIAAERET Transframe (55 M5 1EFF 2 708 MagicFrame 1% 112 . MagicFrame &3 (]
I RE Motorola 28] SEF R T H BT i E1R2 — M2 LTS8 0 F-BE 3 348 MU B R

FHTAE R R— PR EXHATEEAES LT, R TRy i E R R t@Eakil,
auto LA E S ULE. f PHITH AR NS R ER FHFEF KA FRE MBI X BT E RN RS
B TS0 TAERER (D WET R E, BEAMEM SRR 43788, T4 FaRmiET
s C2) MAIEBLEY g B BRSO B — SR (Y AT AR () EE A TRV R B8 LT BT 3
FTHESR AT AR 29 ST 2 0k .
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Researches on Object-oriented Frameworks Supporting Multiple Parailel Computing Models
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Abstract In order to support paraliel programming, almost all of the programming languages incorporate a
high-level parallel computing model into the language by providing parallelism and synchronization mechanisms,
such as Ada’s task with rendezvous and Java’s thread with synchronized method. Obviously, such a program-
ming language can only support one high-level parallel computing model. Although the approach of one model is
simple and fairly effective to some applications, unfortunately the problems in the real world are always too di-
verse to be solved by using a single parallel computing model. In this paper, a new object-oriented approach to
this problem is proposed. After analyzing the high-level parallel models of the various languages, some novel
object-oriented language mechanisms are presented. Based on them, the concept of object-oriented parallel
framework is proposed and the method for expressing and using the high-level parallel computing models by par-
allel frameworks is discussed. As a result, the high-level computing models are separated from languages in
some sense and more than one framework could be given within a single language. Therefore, using a single lan-
guage to support the various parallel models turns to be feasible.

Key words Parallel model, parallel framework, nested class, abstract function class, implicit code, auto

mechanism.
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