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WARASA: A Language for Parallel Object-Oriented
Programming on Lightweight Processes

Yun JianGt and AxkiruMtr MakiNoucHit

Since parallelism and synchronization mechanisms can be covered by an object, parallel
object-oriented programming languages are considered as a useful descriptive method that
makes parallel processing easily understood. We combine the parallel primitives provided
by a multiprocessor operating system with the object-oriented paradigm and propose a new
parallel object-oriented programming language called WARASA. WARASA is an exten-
sion of C+ + and allows users to develop parallel object-oriented programs. The features
of WARASA are that its parallel functions are realized by using the parallel primitives of
a multiprocessor operating system, and that it hides implementation details which users
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would have to know in order to write parallel programs.
implement parallel programming easily and efficiently.

These features enable users to
In this paper, we report concepts

of the WARASA design, implementation methods, and its preliminary estimation.
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3Z &k WARASA it X 5457 0 4" 5 2 O HE
ERETALEBIC, ThEXF TV MTh TRV
b3 2iEdick D, MEFEOEN S s 53 v oM
L EEL T~ ICEfd 3,

WARASA W57’/ 5 aDETHEELLS T3
e OIT, WIIRTOBAIZ AL » ¥ (thread) &9 3.
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EHEING, HROS O R ERETEE, ot
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AVFFRAMIDEELDL —N~Ny FANZIVDT,
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(1) FsED C++ ~oghn

(2) JFIHERETTRORRRK

(3) H—Fn0XH7Y 74+ 7OFHA

EIDOHENHEL . AETR, Thdico0T
BB,
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WAmmAigxwmic++§%?$5 C++
EHBRCOREEETHD, 7— 2 RiL & Bk
m&,ﬂﬁ%mﬁ7/;¢r$m®%ﬁ%ﬁ0.éb
T, BOETRIX P TINO0BMAFIATESC
EMCH+ DEFELTEMEBEEN TV 3%, chs
C++ % WARASA OR—REZFEL L CTERT A
HTH 5.

Ct+ + ICHFIMEEABAT 2700, FlLinA 7Y =
7 PORERRBLU TS, BRETB4T7V 24 1133
BE»%. 2hoRAEA TV =2+ (Autonomous
Object), HEBgA 7Y = 7 + (Exclusive Object) & &
U&HREBATY 22+ (Synchronous Object) T
b5, 3EHEOFILLEAT V24 VEBVEC LT
D, 2—HREAFN 0S5 25EBLENTEXS, 5
LWEEOA 7Y 27 MTOWTII 4B THL LB~
5.

%72, WARASA T3, C++ EZEARkD+ 7
Va2 VREFIRATLZENTXB. C++ Kkt
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EDIDDWFNFa s3I vrERBEL LN DY,
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J VBIUBAESA TV 27 VNHTOREA
EBIDDEREREA TV 27 b THB.
Bt 7Y V377547 (active)
A7V 27 bT, PRA TV 27 b E&H
B4 7Y =7 vidsoey &7 (passive) &
TV bTHB. YT, chdsA7 V=
7 MICOWTHRERSIAT .

4.1 3 %7 £ 13

B4 7Y =2 i3 WARASA it
LHFNETHATH 5.
e HitA 7YV 27 + D¥EE

x1 YHEBOHEABEL WARASA O3ENA 7 V27 b
Table 1 Parallel functions of CPL and three kinds
of object in WARASA.

Primitives of
Usual CPL*

Parallel Primitives
of Mach OS

WARASA

create and delete
processes/threads

cthread_fork( )
cthread_join( )
cthread_detach( )

autonomous objects

exclusive control
to shared variables

mutex_lock( )
mutex_unlock( )

exclusive objects

synchronization
between
processes/threads

condition_wait( )
condition_signal( )
condition_broadcast( )

synchronous objects

(1) B8A7Y27 PRIBRETn£R

BETOWIETHNTHL, BEROBERE
A7V 27 PBELICRT EOX7NVF ALy FET
WHHNCEFTENB.

(2) BfF 7Yz toEEHHERZEODICE
REhicxvy FOEEMHIERILTH 3.

(3) HEA 7Yz MR 220RE (EfTIREE
ERBBIREE) DAY, TOREBIRERMA TV 27
POBEC K- TEES NS, BROBRE 7Y =7
Mck D, REREBA TV 2 VEBELT, R &
DIEHSHEAIRILUTETTE S,

(4) HEAT7 Y27 rRESLOBEDCH+ 0
ATV 2 b BHERENS .

CEH 5 AOEE
[#111]
autonomous class producer {
private :
int number;
int data_w;
public:
producer (struct_t* struct_pointer) ;
~producer() ;

}

Bas 5 213, #—7—F “autonomous” 27 5 A
DEFICHT B, Bt 7Y rEHBICEDN S
F—23ED7 5 ADOHKE (private) HTEE X H
5. B2 5 2 D/AE (public) #IIHEHETF (construc-
tor) * vV y FEMHBEF (destructor) XV v Frb7g
5.

HEs 5 ROBET LBED 7 2BREFOERIC
BEOABHD. BED FARA TV =2 bOWHH
ELBETFTHEHETS. BBA 7Y/ PRA v &~
VEZGT, RSSO HEINCETT 50, &

* CPL: Concurrent Programming Language.

Thread

Thread

E1 HEAT V22 b OER

Fig. 1 Creating autonomous objects.

TV 20  OFHREATT O BRIELMOBRIELHET
1D0OBET & LTEHRT 5.
CEEA TV s rOEREEE

HEA 7Y/ PRBBEDOAT V22 AR
new FHEFICL > THERIN, delete WHFICL -
THEEEINS.

4.2 Hefb # @
BEROBBL 7Y 27 Mot 7Y = 7 P E&HH
TELENED. £D7HIC, WARASA 3Hik4
TV 2 b EESEMICEET B A TV 2 0 AR
LT3,

oA TV = 7 + DBEHE

Bt 7Y =7 MiE, HRORBA 7Y 22 tH 5
BHDA v t— Y DRMICEIEL EA, —Bicx v
—YE 1 DUDGZIWMSIEV. Tibb, ZFEBLT
W2 Ay =Y OREEKRDL IV E, fioBEL T
T2l DA v =V EZF LS.

o HibRy 5 REE

B 21" L DT “excl” 2 —7—FAEFTTEE
INB7 5 AR SR THS.
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[#l2]
excl class {class_name) {
private :
(F—2DEE)
public:
AV v FOEH

b

BRAT V=22 bOITRTOAY » FiZA =% D
BB 2 5 4 TEREBREICRIAL TV 3.

4.3 [ HA # i

R EMICEBEL T B4 T Y 2 7 FEES
MEICHAL THINETT B DICRpE S OBET
b5, PlZE, —HOATY 27 r OHESKT LI
CEARMDAT V27 MVTHIBGET, 2047V 22
FOFETIREAHBT 22 L0, BHOA TV 22 b
ZR UREED S W TN RITHIE X ® 3 ¢ & &b
HIBEEA > THREE B, CO LD Nlier EET
SIDICBALICOBEERMA 7Y 1 TH 5.
ZHFEHA TV 27 DBEE

FUEREEA 7Y =7 r ORWBEIC X - T, Bt
TV 20 VORMIRELEZ B ENTE 3,
B2, M2icRT k53 20HBF TV 22 b
W, BEERERWA TS 27 Y AROTREA & 2.4
ERPLHEE, BEAT V20 PV 1ILEBA TV
F2RENEFNFHERPA 7V 22 bigkr v &2—U%
3. AMREBSBEINLOES, A v b—ULR
BULKEEA T Y27 V1 EEBEX 7Y 22 F 23—
Kfflcd3h 5, 20%, B 7Y 27 b 30&eRE
ATV 27 MiTs v e—VE Y. chbEEt T
P2/ V1 EEBAT V22 b+ 2HRE - T ZRABR
BaifRd €5 s, RERMATY 27 MidEEA 7
V27 P1EE#HATY 22 P 20/ BIRELEERL
T, 3D0B®A TV 2/ +ikicRTREIC S,

sync object
. S
OPIN{t 9bie varia
1 < AN
message
| possage————_]
] message

2 ZHEMA TV =7 F Ok

Fig. 2 Functions of a synchronous object.
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o ZMERMI2 5 =

[#13]
sync class buff_full_sync(){

private :
condition_t buff full;
public:
buffer_full_sync();
~buffer_full_sync();
void wait_buff_available();
void make_buff_available();

b

SR 5 20ESRFIBDOLIICIEING. &
BINEZRUTOCELLTH B,

(1) RHRM2Z 5 212 “sync” £ —7 — F % class
DRI 5.

(2) RHHAM7 5 A DOFMED g condition_t
REMEHEEY3. H13 T3, buff_full_sync &\»
IEMFEM 7 5 213 buff_full LWV SERETHAR-
T3, COFAEREBARLY 7Y 27 FELEY
BELRNERTEREOCH>EKRTHS.

(3) ZRMFEHI 7 2DABHTDAY » FOEL
BREZCOFHERICET 5 HYBRETE 2. CC
T, 3FETH~NI Mach OS OFMILF Y I 74 7%
FIFAT 5.

5. WARASA 7045 40ERM

PED & >icskstshiz: WARASA O 5IBEED
BfE2HERT 2700, bhbhi3EEs & SR E
% WARASA TiL, ¥ 7354 LUNA 88K |
TETLI:.

5.1 WARASA To4k# - - AREMEORD

HBTaLRY, fIOF B LRDATIE B HAL
FIEEET 5 & &, AEE THBEBE (producer/
consumer relationship) 1% 3 L5, EEEHS
HEZBICT— 2255700, FEZLEEED 20D
7atRid, FESNY 7 > EALTHEELTVS, I
BNy 7 s RF—2 22580 EL ClEbR
5. ZofbiTHR, FIFO TEHEINZDT, 7—
ARECESNTERIEFE TSR LN B,

TLTHR, Ny 7 BEEELNEBEZCHEINS
DT, Ny 7 7 OHMHEBLETHEL, F—2h
BIBBLEBIUF— 282N EN Y 7 7 1CAD
BNE EOEELEHEEMTORYPRIES RTXT
b35.
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WARASA 1T L BAES - HEAEMBEORIRTIE
R2ICRTEOLEDDI FRERELI. Zh 6L,
REEHR, 7 X, HEBEA®RY 52,3y 7 7 HiRy
SR, Ny 77 T VEERBI FRABXG Ny T 7
TV rF 4 LB 52 TESB. FLT, ThHOD
J5ADA VAR VAL T Y 27 b new HETFIC
o THER &N, delete BEFICX>THEINS.
(1) HEEZELHBZEBA 7Y 27 L

KEZER, > 2A0ES 2R 3ICRT. HEEL T
T2l FPOBRERFOBETORCERINTN S,
KEEEARA 7V 22 PRERIN T S [EiTE
1b] &4 (CONTINUOUS=0) #BiLd 5% T, §
S LHEEHET-> TS, 7Y 27 Mid THTE
1] SREEMRAIL S, BIERE LT, return itk »
TRTT 5.

HEEAX 7Y 27 M3, $T9-%%24KT5. £
LT, HEXINKF—2%2 4 vy 2—YVBEICL > T
w77 ATV 2y MCEDERERHC, Ny 7 r OREE
EB|ARL, Ny 7 7B EW0icis 5 (B_full==1)
E, HEEX TV 27 VINy 7 7« 7REREA

autonomous class producer{
private:
int B_full;
public:
producer(obj_t* obj_pointer)
“producer ()
}
producer (obj_t* obj_pointer){
while<CONTINUQUS>{
for(int i=0; i<=4095; i++){
obj_pointer->send_data{i]=<PRODUCE DATA>;
B_full=(obj_pointer->buff)->
deposit(obj_pointer->send_datalil);
while(B_full==1){
(obj_pointer->full_syn)->wait();
B_full=(obj_pointer->buff)->
deposit(obj_pointer->send_data[il);
}
(obj_pointer->empty_syn) -> signal();
}
}
return;
}
B3 AEEARA TVt

Fig. 3 A producer autonomous object.

* 2 LEEEZELHBENME 07 A0 WARASA
75 AEE
Table 2 WARASA classes defined in producer-
consumer problem algorithm.

Autonomous Class | Exclusive Class Synchronous Class

producer class
consumer class

buffer_full_sync class

buffer class

buffer_empty_sync class

TV 2 MTA v t— ‘(obj_pointer-yfull_sync)-)
wait() #HT. ZLT, Ny 77« 7T ASKGERELA T
V2l POBIEICK > THERA 7Y =7 MI—HF
LREICEND., H2EBEFT V=7 VP F—45%
Ny 7 o Ro Tk, Ny 7y - TAREREA T
V27 bEBUT Ny 7 » BFHEREICIE DR R -
TV BHEZROHFLIREARRT 5. FHERELOH
BRENINEHEEFTY 27 FRIRIICA v £ —
PEZGFIEL TS, HBIICETIREICE S, #F5R
RO LERANIEEZEL TV 2 VRF—2%27Ny
TrAT Va2l VCHEXTD, F—a2Ny 7 2ICA
nohd s, FHLREOPEEZEATY 27 bddh
B2 DFbIREIERIN 3.

HEEA 7 V2 MR Nv 7227 9V27 P
F— B EW-THET S, Ny 7 7 BEORITIE, 5
BAREEICAYD, Ny 77 » 2 V7T 4 FERBA 7Y
=7 PEBUTRLRED S ETIRBICIN DAL
D, bL, HEEA TV MNy T 2T Vs
P T— 2 ER-TL BIKRIIL S, FHRED
HEZEA TV 27 F (bLENI) RERINS,
(2) Wy 7r¥BAT V7 b

Ny 7 7RTF—2DRETHYD, HEZBILEEL K
F—2E2Z ML, BEERZIHLF—2 21
DT, UlediaT, Ny 7y dWEZICHAINZOD
T, BERBIA 7YV 27 P THIAIN S,

Ny 778t 7Y 27 bt} R4KRT &£

excl class bufferq{

private:
int *p;
int *head;
int *tail;
int size;
int buff_£full;
ss_t s_¢C;
public:
buffer(int buff_size);
“buffer();

int deposit(int ¢);
ss_t remove();
};
int deposit(int ¢){
if <BUFFER IS NOT FULL>{
*xtail=c;
*buff_full=0;
}
else{
*buff_full=1;
}
return buff_full;
}

B4 NyT7rHBRA TV
Fig. 4 A buffer exclusive object.
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W, Ny 7 s BT ARENLOH L, F—22EL
(deposit) * vV v F&F—2%2E 5 (remove) £V v
FThs.

(8) WNyTZ sy e 7ZNENYT >

ATV 22 b

HEINITF—2087Ny 7 7 KARONRISNE X
2, EEZERINy 7 rF -4 2B EMMNTE S
TF— 2 OHEEERFOMEND S, 10, »~
v 7 P BELSE, HBEBREEEZENF—2%2y7
FICAN AL THBEEZFLLThENS SV, ZoR
Holew, BBSICRT I Ny 7 7 « 7EEEH
J5RENY T 7 VT TF4RHERAES 7 REERE
5.

52 ERRME

bhbhiz, OMRON %t LUNA 88K A5z
BEANT, WARASA TR o EEE - NEE
BEOXFIA 7YV =22 b Far5L%2EfTL . OS
I3 Mach Version 2.5, €)%+ 4 x| 32M s34 }
THY, 260M A +rDF 4 22 EBEK4DD MC-
88100 CPU (25MHz) 2K 3.

5.3 ERRERLER

ZDEET, h—3VOUFIFVIF4 T2 AT xR
MELIeA 7Y =7 F ONFIBREEIEA R T 5 &4t
o, HROHEA TV s riSERD=LF CPUR
BT CRBARD 885 YFIETT 28R4 889 5
FedIFT - 2.

(1) A—3xr0YFFYVIT4TDh 7ML

WARASA oB#4 7Y =7 b, g4t 7
Vs b BIURERMA TV 22 MiZENREDQ
Mach # — 3% VvD=F XLy F, Hefhils
SURBFAVIF4 727 LLTELNS
A7V VTHD. COERT, SEEOLT
Va7 PHBEUSEK CEAFERLI. Chiutk
D, A7V 22 MEANTEA L EN—F DY
TR - A AT A LD WARASA 54+ 7
V2 POREVBEERTELC LEEIDI.

Tk, TOMBIERLS, 2—Fi3 WARA.
SA ZEZIE, EFIBEEAR ATV 22 AR
A9 5720 7T, RENSAETIFIRLEELESTH
BERXEFN 053 vy T E2HERL
7. ZoOHKEULTE Aid, WARASA (3410
Ea—YFICRICIDEEZLS. Lbd, #ko%
FiAT Vs MEHM TR I VS EELE
T, ZNoDA 7Y =7 POXFIHMICH —F

L VT 4 &R
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DAY 2 74 7ERHTZ0T, ThdEE-T
MBOYFIMBEEAIELBS LD Fa s 5 LDFEFT
HRIBELLVEEDN S,
(2) HEATY27 OXFIFET
COEERTIZ, WARASA D HAEY - NBZEHE
Tas 7 LERNT, FEZELIHEBREREL TV 27
MRS CPU AR DY IRET—EBOF— 4
(4098 &) AApk - #9288 O NHEEMEAZAE L
tc (B 6).
K 6Tid, HE - HETIIOORMBENL LT
705 LDETHERERL TS, B2 L 5B
D CPU¥TH5%. WIS hOETHNETHS. &

sync class buffer_empty_syn{

private:
mutex_t sync;
condition_t sigl;
public:

buffer_empty_syn(){
sync= new mutex();
sigl= new condition();
}
“buffer_empty_syn(){
delete sync;
delete sigl;
}
void wait(){
condition_wait(sigl, sync);
}
void signal(){
condition_signal( sigl );
}
}

"S5 Ny Z7rzv7Fa&RANATY=2 b
Fig. 5 A buffer-empty synchronous object.

4 CPU

1 2 3
B6 wrFsoey yRETOD WARASA 4EHE
HBEWINT 0 05 L ORITHE

Fig. 6 Producer-consumer programs measured on
multiprocessor environments.



Vol. 35 No. 7 WARASA: BB o+ 2 LTo¥HAT V=2 MR Tn s 53 vIEE 1349

BEE - MEEARL TV 27 POEE - EBRMEOHE
BIBAE1L42L, Ciz4, DI6TH3. Tib
b, C, DOF—2 1D ES XUNBICHH 5K
Miz2hZnhBoEsho 445, 645ThH 5.

HEE - HBELT Y22 FORENEERY (F—
BALERE - BRT KM BEINZ, &% 2HnTic
FHABAREL, Lkd->THFREsAE D, ©
ORI ZOERTRTHREDTHS.

6. thDAFNATY xS MERAEEL OLE

WA TP 27 MERT0 S5 vIEEREED
VFHA DY R FLDEFNMLEZDTR, SiTE
JUBENCED A RRTE 20T, BEZTR
FIENAFIAT V22 MERT 0S5 v SEER
REINTVS. EZEE, X 19) T 14 HORERN
NAFATY 27 MERT 0T 53 Vv IEBBHTS
N5, 20T, ABCL/1 %, Concurrent Small-
talk B & C+ + WCEFIEE KL 7B EE &
tiﬂﬁ?/xﬁb#ﬁ7077\/7mm&bfm
Presto, Parmace® 3 EMHF 5N 5. WARASA |3
C++ ODEUIEEHELLUTREINKLEETHB0DT,
ZZTid, Presto EDEELTRESND, EBHE
ICHELUTOLBETS.

(1) FovR/ALy FOER

YWINCENET BAT V=22 PR R HEBNILR
Ly FZRIRT 5. 7o+xdd 0Ly FEER
THHREPRNL TR ERERNLFRO 2EHTH
Z) 19)

Presto D&, # 7Y 27 FAYTIICE ¥ 3
fedic, FYur5=i3, ¥, Ay FA7 Vb
(thread object) ZHRRL 723 NS 2. 2Dk,
ATV 27 bDAY y FEARENILAV Y FEES
IBXE B X AR TYNETEERT B,

WARASA T3 Presto &i#-T, BERHIL 70t
2SRy YVEEGRERVS. RAE, 7us5<
REEKRDCH+ 4TV =27 P OHERBEE4ALFEU new
BRETICE->THBRA Y22 P AERT 3. L
b, BEATY 22 MIEREEL S BEMICERT
ALy FERBIDOHFHILA LYy FETETENS, L
7oh8- T, WARASA (3 Presto LD EFIA TV = 2
VEERT AU LRI DBERICED S

(2) A7V x2 boHaid

ZLOUFATY =7 MERIT S 53 VIEHE,
#ZiZ, Actors® % Concurrent Smalltalk Ti3, #

TV bR3A v E2—VAEFFBTLICL > TEER
BE (active) 75 & Wb TUW B, Concurrent
Smalltalk T3, B>TW 347 Y 22 MZ run &
IA =V ERELRNE, ATV s ) RE—

FTERD. ZDDIC, ATV 2 A B L x
T, Z2NICHIST 2EERAEEL LTI S 20,

WARASA Ti3, HEt4+ 7Y 27 + 0 SEWIC,
ISHICHEL AV v FEZGERTHIZRD. BR->T
SHBATY 27 PAFHXEZ1. D DHEO £ v
t—VRARUETHE. LidB->T, 7o 5<idfF
LREOHBA TV =0 ' AEHIXE 5 L4 ERE
BT DHLERIO.

(3) Hefhflmok

@ 27 VF4Hhme €y ¥ 5 (critical section)

BEA 7V OB F—2RE®RA 7Y =
JPELTEEINS, COHBRATY 22 M i
ABCL1 DA 7V =7 + LREKIC, LFINIRBEETH
Ay - VNRABCEETIES, Z04XT Vs
fom—hrey) (422 v 2EK O—BEA
BOTDITA v — D~ 1 DU DR 00
LAY 5.

Presto TR 1204 7Y 22  BRABICER D »
ve—VERUWB L EAFTID, 2T V27 bO
FE 27— 2 EBHBm I R L S 0. 2R
Presto D7 Y574 H« 22 v 3 YA WARASA k
DINENC EE2ERT B

@ Hefth#im

Presto i3, Bl OB, vy s AT 2
7 PEETENCE - CTREEK L HFHE T S, Dally o
Concurrent Smalltalk T%, =2 =¥ D Fa s 54T
BIARRIIC R w7« T vay 2 EHEE - THE A
ﬁél?).

WARASA T3, HRA 7Y 27 b psEibdl 4
REARSBIICIEBE LT3, 2 —FRIFF— 2 2
B/, Fus5LTuy s - Troy s @fErE
CHEBLV. $iBA 7Y 27 t2EETHIE, &8
DFAT V27 bERALIIUENFRELTHHLE
T2 D—BHARFTE S,

(4) KEoRE

WARASA OXFIBIERBEEA TV =22 DA
B 5. $ubb, HROHRLY 7Y 22 MIRL
ALy FIRK > THIIMICEIETX 2. LdL, 1
DOEFEA TV =7 PBET LTV A, BED
C++ 7Yy VEEBEEEHTECEMHB. C
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DOERT, WARASA OYFIBATH BHEA TV =
7 VIFEEOEBEA TV bHOLERTELOT,
Concurrent Smalltalk®®, ABCL/1*? EiE X DR EML
KENEVZ D,

.8 b I

X WX TRAFIATY 27 MERNT 0TIV TE
75 WARASA O#HEEM, i, 27V =7 b0
FIRE DR ES JUZOBRB ot 2B FToE
BIZOOWTARN e, BEIhC3EHEOA 7Y =7 b
o FlEEERICESE, thien v Favssin
LT, wnFFoty itEBETETL, RitoX
HRTREdE A RREEL fc.

wNF Ty $EHEBEESHOBEBICHRT S
eIz, wFLuky HHER OS OH — xR
I BEFIFVIF 4T EAT V27 MEAEERE
LRI NvDEnEFIA 7Y = 2 MMER T e S
5 LEEE 2 -T2 D WARASA OFRE
BETHBDT, A% I0VEOHSILL ~icDd0T
IOICREIT ALENH D LEBEDNS.

W APIFRETOKCHID, BYLERLYEEL
WO AN KR T ESE BHERE, KEHER
VARBMEZICEHBL T, UB, ARE»LRI
BYTTERLCHERO LN L2005 BREHK
LET.
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