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Concurrent Object-Oriented Language COOL
Katsumt MARuYAMAT

Realtime multiprocessing systems, such as switching system programs, are large, complex,
long-lived and frequently modified systems. Some realtime systems, such as Intelligent
Networks and personal mobile telephone systems, require communication-network-wide dis-
tributed processing capabilities. Therefore, they are required efficiency, reliability, program
maintainability and extendability, and distributed processing capabilities. To meet these
requests, the object-oriented model with efficient realtime multiprocessing capabilities, and
an object-oriented language based on the model are desired. This paper explains the con-
current object model for real-time multiprocessing programs and the concurrent object-ori-
ented language COOL. The concurrent object model consists of communicating active ob-
jects and passive objects. COOL is a strongly typed simple language. COOL has multipro-
cessing capabilities and efficiency for realtime applications. Both active objects and passive
objects are defined as data type. Strong typing helps run-time efficiency, program-readabili-
ty and compile-time checking. Active objects and passive objects are designed with good
harmonization, thus easy and efficient programming is attained. Module constructs help
large system implementations. Active object ID is a global ID and allows a distributed
processings.
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(b} Passive object and sequential message
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An active object is a capsule of instance-
variables, methods and a thread.
Methods are executed by its own thread.

A passive object is a capsule of instance variables
and methods; no threads are inciuded.

Methods are executed by the thread of
message-sender side object.

1 B#Ht Y= EBHAT V=2 b

(a) HEA TV bERFIA v -V
(b) BEAT V=7 bEBERIA v -~

Fig. 1 Active objects and passive objects.
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TYPE circle =
CLASS
init (x,y,r:int);
move (X, y:int)=>(newx,newy:int);
enlarge(n:int)=> int;

x,y,r: int; /* instance variables */

METHOD circle<<init (x,y,r:int):
y:

MY.x 1= x; MY.y =
MY.r := r;
END init;

/* Output-parameter-style method */

METHOD circle<<move(x,y:int)=>(newx,newy:int):
MY.x += X; newx = MY.x;
MY.y += y:; newy := MY.y;

END move;

/* Function-style method */
METHOD circle<<enlarge(n:int)=>int;
MY.r *= n;
RETURN MY.r;
END enlarge;

VAR c¢ : circle;
VAR pc: REF circle;
VAR i,3,k,r,s,t: int;

/* Object variable */
/* Pointer to object */

CREATE circle TO ¢ << init.(0,0,10);:
CREATE circle TO pc << init (7,5,3):

(s,t) := ¢ << move(i+j,k); /*Output-parameter-style*/
r t= ¢ << enlarge(5); /*Function-style*/

(s,t) := pc << move(i,3):

x i= pc << enlarge(2):

"var += exp;" is equivalent to "var := var+(exp);"

M2 ZFFHrITV7 b
Fig. 2 Passive object.
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TYPE worker =
CLASS ACTIVE
init (name:string; age:int):
dowWork (what :job_t)=>(hour,pay:int);
takeBreak(t:int);
goHome (....);

.....

END init:

METHOD worker<:doWork (what:job_t)=>(hour,pay:int);

END doWork;
METHOD worker<:takeBreak (t:int);
END takeBreak;

VAR Taro :ACTIVE REF worker; /* Global object-ID */
VAR t,x :int;

CREATE worker TO Taro; /* Object creation */

Taro <: init ("Taro Urashima ", 999);

(t,x) := Taro <: doWork(Fish1ng)
Taro <: takeBreak(10);

3 HEA TV
Fig. 3 Active object.
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TYPE person =
CLASS ARER(256)
init(...):
learn(...):
examine(...);
goHome (...);
P ) (e
VAR
name : ... (b) Inheritance tree
age
.....
Ewp;
VAR manl: REF person;
TYPE programmer = VAR prgl: REF programmer:;
CLASS BASE (person) ; VAR cptrl:REF carpenter;
doDebug (ess)
doTrace (...): ‘CREATE person TO manl:
....... CREATE programmer TO prgl:
VAR CREATE carpenter TO cptrl;
csas manl := prgl; --O0K
END '; prgl := manl; =--NG
prgl := AS(manl,REF programmer);
TYPE carpenter = =~=0K
CLASS BASE (person); prgl := cptrl; -~ NG
build (...):
cut (...): (c) Type check rules
LA
END ',: B

(a) Class definitions .

B4 # &

(a) 7320%EH

(b) #% & XK

(¢) #4FFzvom—n
Fig. 4 Inheritance.
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“person” object

VAR manl :REF person;
VAR prgl :REF programer;
VAR cptl :REF carpenter;

CREATE person TO manl;
/* create a person object */

Reserved
Area

IF .... THEN
prgl:= EXTEND (manl,programer) ;
/* The object pointed by "manl" is
extended to a programmer.
"prgl" becomes the object-pointer. */

ELSIF .... THEN
cptl:= EXTEND(manl, carpenter);
/* The object pointed by "manl" is
extended to a carpenter.
“cpt1” becomes the object-pointer. */

The original object is modified in these ways.

FI;
{In this program, pointers man1, prgl and cptl

point the same memory address.]
(a) Program example

B 5 BhRmiiR
(a) 7’n7'5 .08
(b) A HE
Fig. 5 Dynamic extension.
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(b) Internal mechanism.

May 1993
ZEE) B, KEKEICZA Y v FP

Tay—Y s ODNEHBEREY 2 —
VATOHBREh 2 EHEER
g 5.

EV 2~ PBHEY 2 —VICRE B
EBEPMDEDEY 2 —NERET S
PRENTERICERI T BD
T, Y 2~V OBBERKIZLRE
EY 2 - VDA TRAIEETS,
HEEEY 2 —E 70 S 5 LHREHED
AYE7 2 —2EBEFEELTHERT
x5,

a7 LH0T, MOEEEY 2 —
NCm” TEBINICLHE “x” 2B
Bt 2icid, “‘mlx” L8833, ¢
SEBDIcD, EDEY 2 —DEDE
FIDBE SIS0 5. 3 V8, 538
YHICETHEZIT “m_x" L5,

721U, ®Y 2 -3 “BARE”
BYEFAITB L, ZCTERZN
2Rl “y” REeYa—LVEARIEBER
TICROTEDOER “y” TBHETE
5. COBAER, 2458 vAHRETAELR
“y? EB, COHMANE, UNIX v x5Faa—n
DA VET 2 —REFDPEV a—NE—KILLKI 5
REBHRECEDN S, AT, UNIX oy
FAA—WEIE6 (D)DESITHBEEY a —VEESH
LTHELALEGT, EBIXFay—Yrya—L T3
(BRnE - BAE/0F X — & Y2 PEEKRL,
CDHFADBA VNSNS A—EF 2 v 2 LIS
V). 7B, COOL D/¥35 # — X BIIkX IZER IS T
»5H, CEETIES (XFHE2EL) B7FLx
Bl&#k&7:DT, COOL ohcirEFlicd L Tt
BRIICT FLRZETHEND S, ARD “&” 13
“REF char” Ofli%E T BIEHEEFTH 5. COOL ©
FERIC “&” AN B LETFEETH B.

REVI SRADEZEDERZ—DDEY 2 —Nig—
DD FRAEREECENEL, /27 7 REHH
HONEREROBEEAE > T3 Eh5, KT (a)
DENCEY a—w&—E{bL 1y 7 ZEHITEET
%3. COBREHEZIL, Smalltalk LFEKEICZ 5%
ERBEEV2—NELTERT BT LLTHTS 3,
chid, WEMICIRIKT (b)D “BARE” Bite
2=V EEETH B,

Method-Table
“programmer”

Method-Table
“carpenter”



Vol. 34 No. 5

MCDULE SPEC mm;
PROC abc(x,y:int)=>{r,s:int);

TYPE aa = CLASS
msgl (x,y:int);
msg2 (i,j:int);
v
END

END mm;

¥H ATV =2 g EFE,COOL 969
MODULE SPEC unix :BARE;
PROC printf (p:REF char;...)=>int;
PROC scanf (p;REF char; ...)=>int; 8' 5} ﬁi ﬁ& }E

PROC strcpy (to, from:REF char)=>int
PROC malloc(size:int)=>REF char;

END unix;

/* This "SPEC" module defines

unix system call interfaces */

BEAA v 22—V 3BREL VTR
M ry—Yya—NCBBEENS
DT, EhikF ey HicizEhisn

MODULE BODY mm;

PROC abe{x,y:int)}=>(r,s:int);
END abc;

METHOD aa<<msgl(x,y:int);

END msgl;

METHOD aa<<msg2({i:int);

MODULE SPEC nn;
SEIZE mm;
TYPE bb = CLASS
BASE (mm!aa) ;
msg3(x:int) ;
VAR

END nn;

MODULE BODY nn;
METHOD bb<<msg3(x:int);

B, FHA v e—DRR Ay E—INy
7 7 &E o e A v -V EER
DT, ¥htcrS vty % FOREEA T
Vxl MTEBTENTEXS. D% 0D,
EA 7Y e, FNEBLT

MODULE SPEC qq:

SEIZE unix ;
TYPE cc = CLASS
msgS(x:int);
msg6( )i
VAR
..... von

END;

END qq:

BEETAZEHL TV b OISV —F
DI BEE DB LS.

BEEA T2 b NDESL VAT
&3 “ACTIVE REF” %41 7iciz,
/—F IDdaghThs. chiy

MODULE BODY qq;
METHOD cc<<msg5(x:int);

{i,3):= mmlabc{a,b)y: | |  ......
........ END msg5;
END msg3; 1 1 ...
END 5 END gg
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(a) Module construct

(a)
(b)

Y o “*}Vﬁ&*%
Bare BHEY s —vd UNIX O RFaa—v

(b) Bare module and Unix system calls
B 6 &Y.— g

Fig. 6 Module construct.

CLASS SPEC bb:
SEIZE aa;

BASE (aa):
gamma (x,y:ss);
delta (i:int);

VAR
a,b:int;
¢ : bool;

END ;

CLASS BODY bb;
TYPE t = ARRAY[0.,7]OF int;
VAR m,n :int;

PROC f({x,y:int)=>(r,s:int):

METHOD <<delta{i:int);

END delta:
END bb;

(2) Class module

MODULE SPEC bb :BARE;

SEIZE aa:

TYPE bb = CLASS
BASE (aa);
gamma (x,y:ss);
delta (i:int);

VAR
a,b:int;
¢ : bool;

END bb;

MODULE BODY bb;
TYPE t = ARRAY{0..7]OF int:
VAR m,n :int;

PROC f(x,y:int)=>(r,s:int);

METHOD bb<<delta(i:int);

ENﬁ.éélta;
END bb;

(b) Equivalent BARE module

(Bold parts show differences.)
BT /79R€S a—-Nn

(a)
(b)

IFGREY 2 — )
2Z4f75s BARE B#€Y 2 —

(RFEHHMIHEOERT.)
Fig. 7 Class module,
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Shaded part is a thread.
;md Contee An object without a thread
is a passive object.

Method-1

WREINBDT, Smalltalk Dk 5 715 EFTH A
Yoy K —F D —s85~y FAMEL, DA v
Y D&Y (Polymorphism) $FEHXN

Method-2

T3 (Cf. C++ @ virtual function H[F
BRISBETEREARELTOE). /o, #

Method Tab!

ABRIICRT LAY v FF =T DY v
ZWICEHDERL TS, MEBERERTAY v

FRAY v2 (X9 D Ptr_to_base) 13, BHHIIL
BHOF = v 7 ITi- TS, 158, EFHE

L0S 7 w7 L OREBERAERT ZHHT

Method_Li 31 Pir_to_bage
Message 7 / Method-n
queue

Instance

Variables

7
L 1
Per class definition

B8 #EHATYxs OREHEE
Fig. 8 Internal structure of active objects.
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CLASS aa "aa" object Method Table
Pir_to_base
Alpha 24 Method
Beta “Alpha®
“Alpha” Method
i "Beta®
Method
“Beta” .
<
€
A “bb” object inherit
CLASSBo features of “aa“. .
BASE (aa) (Method *Beta” is
Pir_to! bash over-written.)
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*Beta”
o
“Beta® amma ~
Method Table ] Yethed
b obi o -
Method bb" object e avie "Gamma'
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per Class

(a) Class definition (b) Internal mechanism
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Fig. 9 Internal mechanism of inheritance.
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