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Implementation of a Distributed Concurrent Object-Oriented
Language “ACOOL”

Karsumt Maruyamat

An efficient object-oriented language with multi-processing and distributed processing
capabilities are required in enhanced real-time system programming. For example, in
nation-wide personal mobile telecommunication networks, where persons are called using
personal-IDs wherever they are, each switching node system is required to handle thousands
of calls simultaneously without delay, cooperating with service control nodes distributed
in the network. This paper explains the implementation method of a compiler and a run-
time execution support for the distributed concurrent object-oriented language “ACOOL”.
Dynamic and static efficiency is attained by simple and orthogonal implementation of
passive objects and active objects, and by copyless message passing scheme. Distributed
proceessing efficiency is attained by global message passing based on global-object-IDs,
and by a simple protocol stack. The purpose-tuned and simple language design enables
the efficient and reliable implementation of a compiler and a run-time execution sup-
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TYPE cirxcle =
CLASS
init(x,y,xr:int);
move (x,y:int)=> (newx, newy:int);
enlarge(n:int)=> int;
VAR
¥®,¥,r: int; /¢ instance variables */
END;

METHOD circle<<init(x,y,r:int);
MY.x :» %; MY.y := y; MY.r := x;
END init;
==== Output-parametar-style method
METHOD circle<<move (x,y:int)=>(x,y:int);
MY.X += X; MY.y +m y;
X 1= MY.X; Y = MY.y;
END move;
===~ Function-style method
METHOD circle<<enlaxge(n:int)=>int;
MY.r *= n;
RETURN MY.r;
END enlarge;

VAR ¢ : circle; /* Object variable */
VAR pc: REF circle; /* Pointer to objaect #/
VAR i,j,k,r,s,t: int;

SETUP ¢ << init(0,0,10);
SETUP pc << imnit (7,5,3);

(8,t) 3= c << move(i+]j,k); /*Output-parameter-style+*/

r :m ¢ << enlarge(5); /*Function-style®/
(s,t) := pc << move(i,j);
x :m pc << enlarge(2);
"var += exp;" means "var := var+(exp);”~
1 ZHF 7Yt
Fig. 1 Passive object.
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TYPE Turtle =
CLASS ACTIVE
init (name:string; x,y:int);
go (speed,time:int);
turn (angle:int);
where ()=>(x,y:int);

/* Ingtance variables */
END ;

METHOD Turtle <:

init (name:string; x,y:int);

METHOD Turtle <: go(speed,time:int);

END go;

METHOD Turtle <: where()=>(x,y:int);

END where;
VAR Taro :ACTIVE REF Turtle /* Global object-ID */:

SETUP Taroc; /* Object creation ¢/

Tarc <: init("Kametaro ", 7,47);
Taro <: go(10,5);
{x,y) := Taro <: where();
B2 ##847Y=7t
Fig. 2 Active object.
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[Aco«:ler—l ]Acooler ] | mmm PLATINA
p IDNC : 2 (Distributed execution support
(Inter domain/node comm. server) l under study)
Acoolest }
UNIX with Light- welght process
TCP/IP
C Local AreaNetwork >

(1) Acool source files are compiled and linked with the “Acooler" library. This Acool
program runs as a Unix heavy process, and is called a "Domain”.

(2) IDNC is a background Unix process to provide inter domain/node communications.

(3) Acooler and IDNC are collectively cailed "Acoolest” {Acool execution support).

(4) PLATINA is a under-study distributed execution support system.

® 8 ACOOL 7m#'5 4, Acooler IDNC d{irfifttt
Fig. 3 Relations of Cool-program, cooler and IDNC.
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Instance /7
Variables .
——
T —
{Field "BaseP" is Method-n
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A passive object explained in Fig.8.)

L ——Per class definition—————o
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Fig. 4 Internal structure of passive objects.
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METHOD circle << move(dx,dy: int)
=> (x,y: int);
MY.x += dx; MY.y += dy;
X = MY.x; ¥y 1= MY.y;
END;

VAR obj: circle;
(r,8) := obj << move(i+j,k);

(a) ACOOL program

circle_move (selfp,xAdrs,yAdrs,dx,dy)
circle *selfp; /[*FA7Vx2 b7 FLRY
int *xAdrs, *yAdrs; /*HEhE7FLZY
int ax,dy; [ANSTA-27

{ int x,y; /["HHSTA-5*
selfp->x += dx; selfp->y += dy;
x = gelfp->x; y = selfp->y;
*xAdrs = X; *yAdrs = y;

}

circle obj;
(*obj .MethodP->move) (&obj, &x,&s8,i+j,k);

(b) Equivalent C-program image
5 HMATA—ZfGAY 9 FES y = VEED
RBEA A~
Fig. 5 Compilation image of a method and message-
passing with output parameters.
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void msg driven loop()
{ msg buf_ t *msgp
for(;;){ /*X /“‘Z TERE) IV — T
I* Ay e— USERL*/
megp = k_ms8g receive ();
obj_adrs = F7Vx7 FOTFLX

1* X v FEAT*/

exec_method (obj_adrs, msgp):;
VAR S-SR % LY

if (E%%) k_msg reply(msgp):
}

(A) Message-driven loop program

void exec_method (obj_adrs, msgp):
obj_t *obj adrs; /*F TVl bDT KLA¥Y
me8g_buf_t *magp; /*AvE—IYNvT7DT FLA¥
{ wvoid (* method) ();
method_tbl_t *method tbl_p
/¥ A=V F—=TNVDTF 1/1%7]?#)5*/
method_tbl_p = obJ,_adrsomethod --¥
1R - DHBESFI/ET LAY v FEERY

/*)‘//}W)“F/f‘/&'*/

method = (*method tbl_p) [msgp->hdr.msg_ num];

JeBIREINT AV v FRETH
(*method) (obj_adrs, magp->body):;

(B) Method execution program .

BT Aye—VBBV~-FY LYy FEFV-FVOFE
Fig. 7 Outlines of message-driven routine and method-

execution routine,
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? msgl(x,y: int): MIE a ;
? msg3(x, z: shortint): AIE b ;
? ELSE : M ¢ ;
ESAC ;
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Etﬁﬁ - ® :j; - FINCI 7R “a” 20
R it s — R 7% Tab", Tact e BT,
e Reserved | Hothed fa & LTERS AT Y
——————— Area ) a_m2 =7 M EEFTRICEARSCT
TYPE ab = 1ab’ object ‘ . “ab” 24 7H B3 “ac” 24

Tma s athen e Method ST B C EMNTED,
uf““& ; :ﬂi ab_m2 K8Ds 5 AEHE “a” ITH
o, ® z = L it “AREA (128)”13, &4
------- Reserved Method HERMNTEB LD ATV =7
Area MERBRICA v R & v AZEHI
e Ease masm(a); | Rcobiect ab-m3 & LTFMEBAST 12854 ©
m3(...); MethodP —— = “BaseP . i
VAR w a_ml ZEIDATTEL ¢ EEEKRT
wmy. | x 2 ml Method 5. ARERBRILED DO
£ ac_m3 BT, B@EOMETIRIERR
Reserved EHTHD.

ACOOL #l#A% % EX-

8 MR EEHIROMKS

Fig. 8 Mechanism of inheritance and dynamic extension.
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o FITHRID S S u S5 AOREREEERT AHF
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TR A 7F = w0 RITHCLGTRETH B,

(3) B 3R

ACOOL i3, # 7P = VATDZA 7S ZDH
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a—-FEEL, EELSRMUTIcED. @xot7 Y
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1 7OBEEHOLIKBE2DITHS.

7. RITXBRE

EITXEIEE Acoolest 13, R L w FHIM, 2 »
VK, /- FHBESOBELELT . A%
Tid, Unix £T ACOOL SEE T 10 /5 a4k
TEEBHOEGTIEREAZATZ. chiz, &
3EOMBTHALILLIIC, RiFV—F V5475
Y “Acooler” &, Fx4 Y./ —FHBEETS
P —sN— “IDNC” 5785, IDNC 120 2 5w
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Message buffers

state ge bu

msgHeadp Next j&___
msgTailp DestObj1d _} DestObjid §
replyp SrcObjId Srcobjld
instanceP MsgNum | [MsgNum |
threadId \

MsgBod: MsgBod
accessKey SgBody SgBody
objectTbl

Instance
variable
area
o SUN-LWP SUN-LWP
Thread
Control
Block

B9 #7Y20r5=7n
Fig. 9 Object table.
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SUN-LWP |2, ACOOL %) » v+ — Y EEIC
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EiThE T 5. 6D Thread Control Block M}
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HEDATY 27 b F—7 0D 4 v & — PFFliC
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ZEOEAR BEHBRE) ASB.
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(4) HEBRSD# v &~ DE LR

i/ —FRMEA A VISR ALY NAT Y 27
FMED A v 2=V BESNTELESIET, ANV
SHEHINTA v~ V4R TRA TV 27 bk
RZLUT(2) EARORBETTS.

(8) RE—=FT v N—F v

ACOOL 7 u 75 ABEIICED, £5F —7 1%
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VEBRET D,

7.2 ) — FREEY —/v— “IDNC”

fHRDA v —DFry P ELTEREIN S,
IDNC 3 Unix @8y 2259 F7XavxThD,
FA4 VBT ~FEBED v FgiT
5. EREER S v MERSS BOT, Hikdlme
BLETH L. BREEZHELDAT Y 27 PETH
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@/%r » + 435 IDNC ICFET % &, IDNC {294 o
FDIERAFEN, A—/ —FRTH-7 B F »
Ay YEERT D, M) —FTh-10H
K/ —F®@ IDNC it/ v FAEET 3.

®IDNC (2, Bjliss 5 — A —N—#EES B2 T
B, A—bH—N=3, AT T2y FBEA v E—
VERZGBE, HEOF -2 N—RCBHT2EE
Hicfio IDNC i bEMUTEZEIE S, Rk
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8. avngas
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LS BRUIREEOT, EEHLa v 512512
WK ITUTTEEHTES. ULsL, RISC oty
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Va2l MEUTERA v 2 —C5XTREEA v —
GLic 6494 }) 2R & BT TORBHEE Y 54
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Thd. COER, FA4v-IDNC BEEE, /—F
MBE, A vEe—YNy 7 7 DA - BIEEELSA
THVO, Unix | Th L,

ARERRIL, / —FRV A4 YOEBBE N EAE
EL/DT, IDNC a2 AHIFTHN A4 VIRE
BRI RTINS LA 4 OSSN,
Acooler {T IDNC #BEEAMHARAALT, B FAL U
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FRAERME 4.9ms 38 3ms Kt Tx 3.

10. B8 = BF %

ATV 2y MEFIEFNVDA vy — ViR EH Tk
MR, SEBMBCRBEEET S e —FThb, 47
Y=y MEWEZED Smalltalk®, C+ +19, Eiffel!v
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VAR u,v :astr;

3 < N a p— VAR i,3j :int name:str;
IDNC 1T C’C% ﬂ%h/’f@ 1100 17, VAR oéj . AC;.‘I_V! REF s3; num:int;
P END
700157 CH 3. ——— }ETHOI,) 88<:mag(x:str;y:int)
(v,3) :m obj <: mseg(u,i); =>(r:atr;s:int);

9. DEALIEDRERE

------ Client ----

TYPE str=ARRAY[0..63]OF char

===~ S@XVer -~---

TYPE 88 =:CLASS ACTIVE
meg(x:8tr;y: inc)_->(r:lt:;s:int);
AR

MY.name := g;

(1) ZrA4n%—s—7ny

54 {
SERBEOCAME LT, XI-
NUDIRAET 7 4 V¥ — o8 —
Fuaz 5 s (CEEalTH 500 17)
13 ACOOL Tt #7350 T ¢

. B—N—=F 0S5 sEREEA

V¥ DnC ‘ )

AN\
|}

TV, BERDT 74 EES Node I one
BA7vasrelTEbr s (2 JTornpreher | _ J
ciCkb, BRET w7 LG Rdund-trip Elapsed Time | CPU time
WABMTE/. AEDSHDD (1) intra-domain | 0.14ms 0.07ms

(2) Inter-domain | 2.5ms 0.85ms
TIRERE LTV 2. (3) Inter-node | 4.9ms 7.2ms

(2) BERA - VXN
ZH® SUN4 % F\» T K10

10 SEALEERERG

Fig. 10 Distributed processing example.
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