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CCPP.—/1H%& C++iBEEMEit5m

BAH IBX R

GEfEARZHRANE dLs 100080

WE HEEMIEIES COOL (concurrent object-oriented language) & —FhEHHE FH LEF
RHES. ACRB T —RHEEZ 52 8A (Concurrent C++, CCPP)RHIES. ¥ CCPP H &
MR, FENRMEFEAY R HFEANARBRARSEEEZF R MRAHELR
A B AR B X R A H R R B RAK L ARERAA SR CCPPEFRAN C+ +
BERT X RAWRETEXR. CCPP BT KR/ MFRBEA

¥ @A AEEAMRIET FEBFERIT.CH .

hE4a#E TF312CC

HAl BT HEFHHOFTLNREE LML TRk SXREEERAHBHG
IR, UL T B AMIFITHAES. R, REREWITHE RN EEERTB AT A,
RFEREEAERGEAR — HRABRFPEITHEAREEE TEAHRR HFREFETHR
RAWEH R R RNBRKRES W REA R GM 171 2R BT B 0E b, 705 20 2R 4R
ARG PR AP RESELGEEE T EHE R HEABRF R ERFREF T
RIERE L SOEMT — M ERE, RFLAAEFZHBEN AR RP . @RFESHMTY, EH
RRBSPEHR N ME, FF SRR P LU BE B AR R AR EEEATENA
BRI R - REFRHEFEESEDE —PRE L BKHCRANHTEIR
BRI A B A R A

ATREFEEFETHRE FRARRE T ERAAARFRITER, ANE. B
BRI R A B 3R Z AT S BRI R REBEART LR KB EH EEF
AT L. £l SRR, W R R H R T BT A H LA BRI T LR 23089, 1
af PLJE B sh i AR AT DASRIT AT 2 W B AF R R W ST A ELAE I AmE— 7 . SRR AR X
R EE BT REARAMELRRS — MRAFTEF TR ESHEES— HEBE -
BE S BARRNE BB T RS2 R Y B PR  #P A S 2R 07T 95 AR LK BAL 8 (Message
Passing) i XA H @i ZFME LU, REFRARLHEBRFRITEASBEREARE

« AXHRBERARAEESEE. HEREM. &, 1046 4, BN TEFR RN BEES R, @A
RETUEFTABEAR. TN 1937 £, 88 WL 8%, R34, TRHRREEHITEAMNT S0 LBEAR, TR
- ATE MRS PR R a0, IR AR e, 1970 4 W 4, TEMRTEYHT/ 9w BEAR @ 78 RGE S RH
AR AR,
FOCEABER A B ACE AL 100084, KR ETENE
A 1996-05-29 U )R
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SRS, T I ETIB Y 35 & TH 1 3 2.8 £ 1% 1+ (Concurrent Object-Oriented Programming)
AR T A 1 R Sk R ZER A TR £ R RIS E L ST O BB A R
FREGHTHONAR. TEE FRAEHOMNEEROFRABETERHER BAL 7K
Ht 3 % @ | X & iE 5 COOL (concurrent object-oriented language ), 4 Concurrent
Smalltalkt™, Distributed Eiffel®, CEiffel™, Concurrent C + +01, uC + 451, PCC,
 CooCl™, ABCLE), ACT 4+ + 11, Prestol! %8, 5 % 3 A H XM EE SN T & 50048 X
whL11~177%.

R, BERFREMNRIESHIIRERETERHRE, 500 EFHIFRABES
Erh KX EREE: '

(1) XY S H A LR _

HREH & OO B M RYLH 5 IF R VLHA TA L 78S £ OO0 lF /M EE—
AHILHH AR B R H R R B RS RGN REF TR
BT R &5 H AT M, H R BFEITER IR X EIEF U R A F X
HE X FIES.

(2) YR S5H LTI R

HEEHENEEHARMBERRBARE. — DT ENREREH R R AR
wh3e, BP BT i A9 4k A& b 38 (Inheritance Anomaly %), U513t % 3f S 7R L EI 2 A1 B8 10
L B 5 8 2 2R B AR S TRUE Y. X R 2 RRR 3T B BRI AR R X R R
X R B 29T 6 2 B9 1SS FR b T8 25 AR5 (Synchronization Code). Y72 4k7& LA ABH,
FAI IR F A OO RO B A RIR R K B M M E S AR KRR AT
FF A AR AT AR E . FRE T WAL TR, AR E K#F LML
Kk SRETHREMEFENERES - FRERSAPEER. BRGRFEHELRK
TR o 0 g i o) 25 AU AN T B U84 O 4 B4k R H RDW KR R % 9 T4 R BT 35

(3 iFe/ 3t R A AR ELER

BRI AL 8 5 9 2 AR PR 1B AR S BB AL 2R T T R BH R BB EH R 5
FEHPAT 3 RS RERR P R R

ATHRET —FIEETSER FEIES CCPP Midit 5%, BEEERTFmER ik
5] 8, He itk — R HERS 3 & OO SR EHIfR.

1 CCPP REMKRBEIES

1.1 CCPP HFE7&iER

At 5 P T SR ARRR B Sk N R W SR AR L BT S A X
SREIHE B & CCPP BT . RIOFI AN LES. MEARTHR —BHHEEL &
CCPP #7760 0 QAR H X8 £ 43 & 3 ST AHETT, A M S RIRTH
LA FE R AR X A BT B A AR R T B R AR B E RS 15 (Wait-When-
Necessary) ) [F125 58, Bl i B 5 3% 4 % (Client Object) 7R 2545 55 4 KL i Il B AT 4L AT s
MW BTN, A% APBNARET EED. MEHFEE, NHTAEHE
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CCPP BRI A RIEF IR AP RS HBRBTRFRER, AF— R
12 3 AR WIBRR 7 AR, BT S 157 0 45 SR W — K TH R E AT

i CCPP R X QBRI G, RAA K4 H B H % w0 3905 5 o F HI R % 8”
CH) C+ 4 XF 82 f1“ 3 & X 82" (Concurrent Object),“ FEh%F %" (Active Object ) F1“ # zh it
%" (Passive Object), “[d] 3 ¥ £ ” (Synchronous Object) F1“ 5 3 %t £ ” (Asynchronous
Object) , AR “JFF 3 %" (Atomic Object) Z &, BiA 8y CCPP X[ JE 3 & . 540 71 8 3
8. BB AR path f thread 2HCHF ) ,CCPP 3} § th 7] il 4 bR AT a7 —Fh %) 5.

7E CCPP 3 & tf e b, % 8 iy R (interface), 553
(implementation) 1 3 % £ 8 (concurrgnt thread) 3 ¥4 4H
L R i S BB A DA R B B T s A [F B 4 3 B

e 1 R

%t &2 CCPP 12 /¢ ) 2t 5 B fir. CCPP #23 phi xf &2
S TR BT I0AT Al ] — MR X 8% (root object) %z 3% B — i

OBJECT

interface

Threads

BIT . X SAE IR B B BIEEER A0 I R X S 3 10 B AT &%
REHE N5 B— kR H LTS 0l 2 Fir.

OBJECT

elde) Wlerbols

Wb
E1 CCPPIt £ %R
OBJECT
Threads
EeltD) D
Threads ORIECT Threads
b
OBJECT Threads
G (1
—
FEhoB)
2 CCPPEfF#A

CCPP BFF F A& RARE. B 7 main O BB R RHERSIN, A MERBE L —xf
REBIEI TA MR BEHRE RN T & HTILOFEN C++ B &L CCPP 4
F T NE—NCH+RBFWE—1 Program 38,2 HEMN S BT E RIZW R public
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BB A 2R BB A B S K public J7ik. 2 5 8 #0AT B 19 program X} 5 & #% main
HEFH
1.2 CCPPEEEIEN

CCPP 5 RN C+-HEENT % LS C+ S £E% () C++ESRH
R BE B R ) M RIEF + (2) BRBPIHITREHFF C/C+ +1EF (3) RATEH
—Er BRI R TAEPERR—C+ + #Hi%aE 2% C+ HEFHHIFHEA.

fei i CCPP 32 RATHEL TN (1) EEWT AR T I @) B
BN EW S — EREA T (3) RIgBL B A/ HABER. -

BT LRREAEN,CCPP 5% C++-EF 7 i P 7.

(1) 3|.A path #l thread 2 R4, FLARE R H B X R0 R LR KR RAFT A
WHBR K RAEIH

(2) 5] ACONCURRENCY i RUNTIMESYSTEM 2 t#E &2, F CCPP EEME
LAY SR '
1.3 CCPP &5

CCPP & #TF CCPP 3 & MM, DXt R N EFNES LS BE, T2 BER.
CCPPIEF 5 CH+-HBEFIIRE LM~ X B TFEHE L HPEIAT path # thread §L8.
1.3.1 Path {#HH

Path %40 I #3538 (Path Expression™~0) Jih 3 2 4 £ 71 36 % SRR A 9 5 44
RRE,HBERN.

path i8] = path JERE R KN
rieRAA = BWE | H%E
BEREN = BREAR, BRERER
BERRN = BREEAR; BRERAA
BBERSER = o« (BEREL)
BEFER - [ BERER ]

iz in Lt 2Ep i iR TR IR B BT AL 4 AVB J2EpIR A s i 4
AB #T& A.B A H & BIT;
AB Fm AB SBAIREFRTT;
n:{A) RARBEE A n A FEHET
(Al RAFALFEERE D A FRIT

Path B2 CCPP 252 Xy ¥) tE . — 2R 0] PLA &1 path iB4], DEB KT &
H. HE 1 path IFAMMAE —TALER. KK path BAPHIAM T, KUGTAZLM
R, D L RERE N e TR ZPAT. — P BA path BHH KB ELHRA B
Xt HO s IR 5| A 2L RR 4. X4, —> C+ + 34 CCPP B A—P 54 it &3
Path &1 0] DA G FRa6 & FIE |

LW b path IEARACH+HERER. M FHR:

#ifdef _CCPP
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# define path path
Helse

# define path //
# endif

i F path HAIA9EEE & LML M AL, C++HE LA CCPP %48 4%, CCPP K1t
ATl B C+ + 4R iRt i3
1.3.2 Thread {4

Thread {EMFE X —MHERRHBRK RGN ERBENH Thread FAIRIFEEN

Thread {E4] = thread B

— BB R A BT RETRER BT 2 AR

(D EHEBREW R path BT RIBH R A RCE

(2) M RREHEZHERHITZIFR

HFWEERZLMHEE, F RN RO FHFREBATHNIRHEE.

Thread &) & CCPP 2558 X i BT 3EIW , fik 45 i thread %24 0. X4 thread ¥4 0 B, B0}
SRR NIRRT & 3 RR S R RIRMEIE  H R R LIITERE HE
REMBUIR ECRHIITERR. 3 B NRATRIER. X thread $0 1 0L R
AN TR E TR RN RA 1 ADRATLRE 1 R 1 L. 2 thread ZARKRES,
MBAF—TRBEBCE 1 MHERE MK thread B, BT AN R H 2B EHR
T AR AR E LA B KA E LR RTIE. SR A E X R thread %, AT EER
G0 th 8 15 B B AEAY A0 He. Thread iB4) 7] DA G FRYBRFBH. £E HY KA, thread
BB A AL thread YLEA N F28Y thread 1B, Thread iF4A ) LI AR 5 path FHAIHA
[, #BR A C+ + EBER. XN LI C+ -85 CCPP BT EA.

1.4 —ABIF
EA—ERR T FR TR/ BEME.
ENMRBH R A — N HEEIE, AF R AUHELFE, H CCPP LR .

Class Buffer {
private
DATA data;
public
DATA read( } { return data;}
void write (DATA item) { data=item; }
path 1;([read],write)
thread 5
}

X RR—AEREEIT BRI N EIRT R R E R R EERNFL.
2 CCPPEFXIAHA

CCPP {&3 WL TR A BHIFH A, 1 CCPP BIF Jfeiliid CCPP B AL C++
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RE, il C+ + S i A U HUAT1URD - A 3 Bl

(EPF&F. C++ﬂf$ e W‘H{?#Eﬁ;—
— [cohring | [ O we |——
COPPH; L3
3 COPPH B

FEi4HHIA 8 CCPP Hid iR 9 JLIR LB H A
2.1 CONCURRENCY 1 RUNTIMESYSTEM #

CONCURRENCY # RUNTIMESYSTEM 25| A & & T CCPP &5 ) EHSY
J#. 7 CCPP 3 R xR b, ot SR E 4 3 A-PAF . B BAF] MessageQueue ;R |7
BAF ReplyQueue F125 (fl 2k #2 A ¥ Idle ThreadQueue. X 240 B I B H AL H E AT L,
W I I T B £ S A T B R R R [ BB b ¥ TR S R R R AR T WA
FEEAFY |, (2 5T A DUV A SR FR R0 2L FLAE R T A TR . PR X SEBA A1) B HEBRAE AR TE
CONCURRENCY 2k sg ¥. CCPP 43 %28\ N ir 5 26 (B CONCURRENCY HAO ER
CONCURRENCY /9 F3%, A3 FA ¢ 046K 3 4 38 A “virtual CONCURREN-
CY’.CONCURRENCY H iR E ¥ T —##& RUNTIMESYSTEM Hitet, B EREK
5 EhEFas sy — 4 RUNTIMESYSTEM x4. AP R REE ## A RUNTIMESYSTEM o)
Z 977 . RUNTIMESYSTEM 3£ 895| A RN T CCPP &5 MEH. B fY &, flu.

(1) T A RUNTIMESYSTEM X &R 5 ARG E AR KIE T, URBES
A EBHE .

(2) EAHRALG S, 7 RUNTIMESYSTEM XS4 — M REX RE, By -1
B F 43 A 2 5 BB A7 (DSM) j 4 $1 38 AU 35 1), AT E CCPP 3 & X 1 - A AT A Y
VAR IR LG,

(3) AT RAHWEAFRMED SRR FORRTE NSRS R ERE, @it -
RUNTIMESYSTEM 4% 2 £ 7 [F] 12K LI & PLA R B B 7%
2.2 R¥FiH B &L (Asyncronous Message Sending)

75 CCPP Ja i p, 3t &[] 13 B 1552 B A AR BRI R B H. R
B O R BE S s a S PR R A AR R AR 2 3 AR R R A 2R A A PR -

CCPP %%t client Xf 2 1 5 — g o T {0 server. method ¢ Y RERIMELN | ALH:

(1) f1E client ST LTS B R 1L KR EH » 3% server. method € ) )38 AR T3
A B A R B TR T A WA R — N BB B W 4 HETE client RPRAYTHEE
=] BAFY k.

(2) MR server N5 I25 HLRFRENT| th7 25 HERTR ., 3 H method 4 B2 server R
B path &5 FF 3R 00 2B LT WM server X R A ZS IR B FE—= R BEIIT
Xit 7 i9 method R 5 W, 45 25T B IETE server XFRMTH B IS L.

(3) 7 client X% o {d FI i BUR BE R H T B A RBERLRESCRE. MRE
&L Ak EE BT T, 0 R BBt method 3 B R server X5y path IHA] BT RE 1) 2
WL F I client XT 4 49 24 510 FT 28 BT M1 LAY method J A, 3 BR 2 client X
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IH B8 o] AT W AE B . W PRAT R E.

WRIMNHEREREMSRER TR —Z8, MREEPRAERE —KHBREHN
BIME, MITEBRM RS UKIERE —REBEENER. KEIMEREEFAS L. RE
HKERAFIEE.
2.3 HBIER

server X R T L F — client X} & 1 W server. method ( D BFH KRG EM F
RhH
(1) ST B 5 S 0], D sk 1] client Xf G0 14 B & A BA S B HA SE 5 . 0
F client % & WA SRR N 55 Fr IG5 SR 07 BH 2 T 75 2272

(2) N8R server I RMTH BTG AT AT R0 B, M ALLEHRATZE R T, 04
BT server MR MY WREEAT] L.

3 % i

£ CCPP BB, FiA X REBRF LT, MR HEELBRERSEEREN
- F & XTSRRI T AR KRR B — X R A A LR IR R )46 AR AR
8. KGRI RBV RN RN 2 R IH4T, IR B EHEIFHE " (lazy computation) A —
BRI RITE R T RB M. X R A & B xR P EIER SRR B ARSI AL M IR R A
FrELQr. XT IR B BAE R DL — R T B I R B T H 2fE 508 RSME TS LR E
BRI KRR T H R F R s9ERE. CCPP HALRA T HEH A mmX RIEE R
o3l R LY BE SR AR S AN R Y h g SEEL TN/ F R RIBRAR T B, B—HfE A
ER 5 B R F R R T HE AL

HEl. e £ 5 HE TEMELMEWRHYLERSE L. CCPP i HE BRI #—
ST HERBEERMIAE CCPP W 4mFB LKA CCPP BEMIGTRE: I X
RUNTIMESYSTEMZ D CCPP EES X1 Hh XN ELHMEEE.
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CCPP: THE DESIGN AND IMPLEMENTATION OF
A CONCURRENT C—++ LANGUAGE

WEN Dongchan WANG Dingxing ZHANG Ning

(Department of Computer Science Tsinghua University Beijing 100084)

Abstract COOL (concurrent object-oriented language) is a kind of highly efficient
concurrent programming language. In this paper, a concurrent cbject model (concurrent C
+ +,CCPP ) and its language are presented. In this model, all objects are concurrent,
and they communicate through asynchronous message sending. Concurrent objects are
synchronized using a wait-when-necessary policy, and the synchronization constrains
among concurrent threads within an object arc deseribed by path expressions. CCPP is an
extension of C+ 4+, implemented by a precompiler. CCPP allows sequential /concurrent
code reuse.

Key words Concurrent object-oriented language, concurrent programming, C+—+.
Class number TP312CC
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