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2 AFNA g e FUE 71 5 7] ARl ol FB AYL(e]F F& AR
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HollAl A REde st Foh. ZET ZRAFolY o]FEo] FAuolElely (ADT) ¥l Al
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Ada[lc91] 08} 38 7150 L3o] EFIAFYD. FF MEE d#AQ £34 F&sd o
&7 2t} “He got home.”o]gt= ERNA FAII “got”7} 0%"4 £g /AR Folu o
Bl 5ol 93] st onlE PEE 5 Ak Y FAPE FYHA] ZaE, FAH ol £
U (C++9 gFsZANA 22) FA Bad o8 7EE £ Aot a2y ol 7EE 57
atA &t Ao FE-E B3 wEY.

AR % o] Fo) FE ZEAFAEY AF vz e F —viiAAEY BE, AF, &N 2
23 23— gedch 2822 oo CHILL Zzad¢ 152 &4 58 71589 &
A AHHE S Yzl do.

SYNMODE st=STRUCT(x INT;

y INT);

SYNMODE ar=ARRAY(1:2) INT;

DCL a st:=[10, 20],

b st:=[100, 200],

c st;
d ar:=[10, 20],
e ar:=[100, 200],
far:
addS:

PROC(p1 st, p2 st) RETURNS(st);
DCL t st:=[plx+p2.x, pl.y+p2.y];
RETURN(t);

END addS;

addA:

PROC(p1 ar, p2 ar) RETURNS(ar);
DCL t ar: =[p1(1)+p2(1), p1(2) +p2(2)1;
RETURN(t);

END addA;

c:=addS(a, b);/*F=A Y Q4 */

f:=addA(d, e);/*MAe) RAA */

2.1 A8 F5

‘4“ RS OE PYE 2+ B TA RS UIF AN 2L nE JMEY ddAR F
2] FEo EFd 8ol 2ot o]z g 7|5 AR FA4F Hod] &S FI TR
4 ’%é"é(q tadd(add(a, b), c)=>a+b+c) & ATFIT. OL dAle AR FEA @l B
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o} %},
4
PROC(p1 st, p2 st) RETURNS(st);
DCL t st: =[plx+p2.x, pl.y+p2.y];
RETURN(t);
END “+7;
“47
PROC(pl ar, p2 ar) RETURNS(ar);
DCL t ar: =[p1(1)+p2(1), p1(2)+p2(2)];
RETURN(t);
END “+7;
ci=a+b;/*TxA QA g 7HFH FE */
fr=dte;/*gel Qo] Bjg ek TR
32 ZeAfol] 489 4 e VB $HENE WAY 4 YD FATRE Ao
e F Utk A E B9, i++9 ++ie 1Y gE 19F ST/ AL et a9
U Alze 4 FEES Hegozd Qin $AeAE 9
E9sfoF 3t mEtA AR FEL {43 ZIolXw C+ +[St86 1] B VITE F
279 AAtgks HE3hs Aokg sk et TS T8 =
<H A% AIAES gt
1) @3 /013 A& (+, —. *, /, mod, rem)
@8 AR ZRAFOIY qAiIA ASeE 140l L, gt
2% INojojo} gir}. o]df] L= HAIEY REs 94

N
off
o
)
2
>,
o
Q
ju sl
el
—
-
-2,

27 odot st WA Age

et AEHY Berope} AL
$A—Ad RESH Y3 AT o] VAT $HEHE WAHA olok ek

2) =8 g2k (and, or, not)
AR AGE 27001, W WA e RE INojojof BT}, 87} m= booleanofolof Bt
3) Ml A<, <=, =, /=,
IAQA A 270011, e W& 25 INoJojof @t} 83 EE booleanojojof S},
1) A A=)

AR AFE 2740l T, WG
2.2 o]& 22

AAAF CHILLS 71&9 int/float =719 ANEE AAT HFY 49 A2 35 7]

o

}2].e LOC3} INojojo} dlr}.

& 383 Folok g} ol9] #-8& “DCL o colorType, o fruitType;”2-& A 2Q] oju|z
BAE Zet IHA oF FHL 24 ZEAIFNE S 88or A U A= delA AF
g HTARR FE dis ol§ ZEATIR AR ARt
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add:

PROC(p1 st, p2 st) RETURNS(st);
DCL t st: =[pl.x+p2.x, pl.y+p2.y];
RETURN(t);

END add;

add:

PROC(p1 ar, p2 ar) RETURNS(ar);
DCL t ar: =[pl1(1)+p2(1), p1(2) +p2(2) ];
RETURNC(t);

END add;

c:=add(a, b);/* F+ZA 9 Q4 */

f:=add(d, e);/* W€ Bl */

23 geid $5%

g A5 9Foz, QUE e ZA 2L 71EE 2 set Yay @ (int, float,
bool, char, null, strmg) -n-ﬂﬂ AR ZEZ FARRG. d714 D7isS CCITTo A el “ofrt
Al #AA 3] A g grt ok a8y @71%& 7189 CHILLA 883t it o]
3 & A¥eg q’?“’]’ 2.

SYNMODE colorType=SET(red, orange, yellow, green),

fruitType=SET(apple, banana, orange, kiwi) ;
DCL color colorType: =orange, /* orange=1 */

m[m

fruit fruitType: =orange; /* orange=2 */
DCL x INT:=1.0, /* W5 & o2 A4 12 HE */
y FLOAT:=1; /* y2&d o= float 1.00.2 HE */

[CW85] L.Cardelli, P.Wegner : On Understanding Types, Data Abstraction, and Polymor-
phism : Computing Surveys, 17, 4(1985) 471—-522

[1c91] J.Ichbiah, J.Barnes, R.Firth, M.Woodger : Rationale for the Design of the Ada Pro-
gramming Language : Cambridge Univ. Press 1991

[St91] B.Stroustrup : The C++ Programming Language : Addison— Wesley, Reading,
Mass., second edition, 1991

[TD405—E] WP Chairman : Removal of weak visibility : Temporary Document 405—E
1991
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Question : 10
SOURCE : KOREA (REPUBLIC OF)
TITLE : Overloading Features for Object-Oriented CHILL

Abstract

This contribution presents briefly the aspects of overloading features for the design of
Object-Oriented CHILL.

1. Introduction

Generally, even if it is considered that the overloading feature in programming
languages, especially Ada, is not a part of pure object-oriented features, the overloading
feature supports the facility for the descriptive power of programmers. On the other
hand, the overloading is considered as a part of polymorphism by the definition of
[CW85]. Because a name may have many different behaviors in the same scope.
This means that the multiple occurrences with the same name (such as procedures
prefixed by names or operators, literal constants including set elements) are allowed
for overloading. In overloading, an occurrence has the different meanings simultaneously

in the same scope.

CHILL has the constraints that the names of procedures are upique in the same
scope (like in MODULE) and the operator symbols are not allowed to be procedure
names. Since literal overloading may cause the serious problems for allowing the
multiple occurrences of set elements, it leads a potential ambiguity for programmers.
And then we doubt that it is beneficial to the permission for procedure names to
be overloaded outside the abstract data types because it may make the understandability
of OO-CHILL rather complex and may lead to the ambiguity between the newly

defined procedure names and the pre-defined procedure names.
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2. Kinds of Overloading

These three kinds are classified by Ada’s approach[Ic91]. When the overloading
concept is applied to the general sentence as naturally, it can be presented as follows.
In the sentence, such as "He got home.", the verb of "got" may have many different
meanings but can be distinguished by the information of its subject nouns, its objective
nouns and the information of relative contexts. That is, if the overloaded symbols
may be used, the meanings of the symbols can be distinguished by its contexts or
the use of qualification (similar to C++’s scope resolution operator). But its syntax

and semantics would be rather complex, and it makes hard to implement.

The static bindings of the operators’ procedures and the names’ procedures for
overloading should be corresponded to the modes, the number and the ordering of
the formal parameters, and the mode of the return-spec. Therefore, so as to show
the examples for the overloadings of operators and names procedures, and literals,

we try to present the detailed considerations from the following CHILL program.

SYNMODE st = STRUCT(x INT;

y INT);

SYNMODE ar = ARRAY(1:2) INT;
DCL a st := [10,20],

b st := [100,200],

c st,

d ar := [10,20],

e ar := ([100,200],

f ar;
addS:

PROC(p1 st, p2 st} RETURNS(st);
DCL t st := [pl.x+p2.x, pl.y+p2.y};
RETURN(t),;

END addS;

addA:

PROC(pl ar, p2 ar) RETURNS(ar);
DCL t ar := [pl(1)+p2(1), pl(2)+p2(2)];
RETURN(t);

END addA;

addS(a.b); /* add to structure values */
addA(d,e); /* add to array values */

c
f:

2.1 Overloading of Operators

When many overloaded procedures with the different modes and behaviors have

the same meanings about the internal operations, the overloading of operators can
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be used for the expression styles. These features help the abstract understandability
by the programmers and support the abbreviations for the sugar syntax (eg. add(add

(a,b),c) => a+b+c). The following example shows about the overloading of operators.

S S

PROC(pl st, p2 st) RETURNS(st);
DCL t st := [pl.x+p2.x, pl.y+p2.yl;
RETURN(t);

END "+";

B
PROC(pl ar, p2 ar) RETURNS(ar);
DCL t ar = [pl(1)+p2(1), p1(2)+p2(2)];

RETURN(t);
END "+";
¢ = a + b; [/* sugar syntax for structure modes */
f = d + ¢, /* sugar syntax for array modes */

It should not be allowed to change the precedence for the overloading of operators
due to its ambiguity. It may be allowed to make new syntax of expressions. For
example, "i++" or "++1i" can be allowed in that case. But we should discuss the
permission of the overloading of newly defined operators because its new precedence
would be added to the existing precedence. We propose that these features, such
as "++" etc, would not be included in the reserved symbols. Finally we think that
the overloading of operators is necessary for the users’ facilities. But the only few
operators, which be classified by the followings of applicable CHILL symbols
corresponding to the various features of operator overloading in C++[St91], should
be allowed for OO-CHILL.

1) unary/binary operators (+, -, *, /, mod, rem)
The number of parameters in the unary and the binary operators should be one
and two. The attributes of parameter passing must be all of IN. Its operands are
allowed for the user-defined modes as well as the primitive modes by default.

Its precedence of the unary and binary operations must be unchanged.

2) logical operator (and, or, not)
The number of parameters must be two, and the parameter attributes are all of

IN. Its result mode must be boolean.

3) relational operator (=./=,>>= < <=)
The number of parameters must be two, and the parameter attributes are all of
IN. Its result mode must be boolean.
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4) assignment operator (:=)
The number of parameters must be two, and one of the parameter’s attributes

should be LOC and the other’s IN.

2.2 Overloading of Names

OO-CHILL should not permit the overloading of variables and constants except
the existing int/float modes and so on. The permission causes a potential ambiguity,
such as "DCL o colorType, o fruitType;". So the overloading of names is constrained
to the only procedures. For the above overloading of "+" operator, the following

example is shown as the overloading of procedure names.

add:

PROC(pl st, p2 st) RETURNS(st);
DCL t st := [pl.x+p2.x, pl.y+p2.yl;
RETURN(t);

END add;

add: »
PROC(p1 ar, p2 ar) RETURNS(ar);
DCL t ar := [pl(1)+p2(1), pl(2)+p2(2)};

RETURN(Y);
END add;
¢ = add(a,b); /* the same name for structure mode */

add(d,e); /* the same name for array mode */

2.3 Overloading of Literals

Literals stand for values, and can be classified by (1) set elements of same names
with different values, of different modes, (2) numeric values (int, float, bool, char,
null and string) with same values. It is not necessary to discuss the issue (1) because
of the compromised issue about the "Removal of Weak Visibility" [TD405-E] in the
previous meeting of '89-°92 period. The issue (2) is now allowed in CHILL.

SYNMODE  colorType = SET(red, orange, yellow, green),
fruitType = SET(apple, banana, orange, kiwi);

DCL  color colorType := orange, /* orange = 1 */
fruit fruitType := orange; /* orange = 2 */

DCL x INT := 1.0, /* convert to int. mode implicitly */
y FLOAT := 1; /* convert to float mode implicitly */
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class A {---
public:
void P(A *x) {---}
};
class B:A {---
public:
void P(B *x) {---}
3
fO{
Aa;
Bb,
*rb=&b;
rb->p(&a); /* A::P()7} ohd BI:PO)E &, o/ 24 */
/* S@uet: rb->AP(&a) */
}

ZPA L )& APATY, HY AAATH(ETRI A2{R A7)
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289 A%e 99 AAAY T L Bot 9l A2 R Z2AFO} 2L o
goz 59 Zosold AR HYew WFAAALA glolE 9 FAzolN PYY AAL
A9 Eej 2o ZRAFOIE £FE + ¢loh [TD406—-E]. C+ + o] 7Hdstedl] g oAl =23
de ges 2.
class A {---
public: virtual void Print() {}
b
class B . public A {---
public: void Print() {-:-}
I
class C : public A {--
public: void Print() {---}

5
fO {
A a;
Bb;
Cec;
A *ra;
ra= &a,;
ra->Print(); /* A::Print() 3% */
ra=&b;
ra->Print(); /* B::Print() 3% */
ra= &c;
ra->Print(); /* C::Print() 3 */
}

base Zexo] gl AH TEA|Fo] [TD319—EJE C++olME “virtual’olgls o oS
ol-g3te] FgH oz AAZTE. HA oA [St9l]el A, 3¢l Fdae A Sz TRAFO
£ EREAY 819 S 2X AR AT Z2AFA &0 Ak F, o AEoR vt
B A9 e H4F duig X T a9 Foae FEF s JRE Ao R
At

2. Algt
C++9] PRAY [S187]2 Avinw, Bwe 49 2929 ZAFIE 39 9294 A

% ZTAFZ ABHE L 4 AT ol d ZzATel AP 9§ Modula—3 [Ca92]
AME “overrides”shs %ol ol gated 39 Fead APY TEATFIE AAe] AAF
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o=R AR MRS VeI Yt} waEta AARE CHILLAME Ada T3 39
29 g ZEAFold Frlste A(C++ )R, 7383 T 9 S99 aﬂ”
ZZAFojol E7IEte A (Modula—3 ¥r3))e] o Sotn s, gvste AR-R7E S8 A
FTERAGNA ol FHY 29 Z2AIFOIES] X HE 7HE A HAAE £ W] dEelk :LE]
U B Al X Z2AIFOIE ofFA /1T A disiMe g7k BdEc] sleT sle
23 433 430
o oAl Z2ayge “A <- B <- C"FR9 Z#x AFTRE Zeth A7IM ()& C+
+8 49 ZExo] E7)3= FHo)d, (2)= Modula—3A¥ 319 F2d E7%he AE o
2
SYNMODE A =0BJECT
P:PRQOC(--)---END P; <__(1):“virtual”
END A;
SYNMODE B=0BJECT OF A
P:PROC(--+)---END P; <__(2):“overrides”
END B;
SYNMODE C=0BJECT OF B
P:PROC(:++)---END P; <_-_(2):“overrides”
END B;

0.

Fxzd

[Ca92] L.Cardelli, J.Donahue, L.Glassman, M.Jordan, B.Kalsow, G.Nelson:Modula—3 Lan:
guage Definition: ACM SIGPLAN Notices, Vol.27, No.8 August 1992 15—42

[St87] B.Stroustrup:Multiple Inheritance for C+ + :Proceedings EUUG Mass., 1986

[St91] B.Stroustrup:The C+ + Programming Language: Addison—Wesley, Reading, Mass.,
second edition, 1991

[TD319—E] WP Chairman:0OP in CHILL:Temporary Document 319 —E Febrary 1991

[TD406 —E]. Telettra:Object —oriented CHILL : Temporary Document 406 —E April 1990
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Abstract

This contribution presents the consideration of deferred procedures for object-oriented

CHILL.

1. Introduction

class A { ...
public: void P(A *x) { ... }
b

class B : public A { ...
public: void P(B *x) { ... }

b
fO {
A a;
B b,
*b = &b;

tb->P(&a); /* call to B:P(), not A:P(), illegal use */
/* resolved by rb->AuP(&a) */
}

Our proposal is based on the assumption as shown the above example that when

a procedure defined in a derived class has the same name as that defined in a base

class, the object created by the derived class cannot access the procedure with same

name in the base class without a scope resolution operator[TD406-E]. The following

shows an example of C++ virtual functions.
class A { ...

public:  virtual void Print() { }
%
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class B : public A { ...
public: void Print() { ... }
b

class C : public A { ...
public: void Print() { ... }

h
0 {
A g
B b;
C ¢
A *ra;
ra = &a;
ra->Print(); /* call A:Print() */
ra = &b; :
ra->Print(); I* call B:Print() */
ra = &c;

ra->Print(); /* call C:Print() */
}

The deferred procedure[TD319-E] in a base class is declared abstractly with "deferred”
keyword in OO-CHILL (as ‘“virtual" keyword used in C++). In its detailed
implementation{St87] about deferred procedures, the object created by derived class has
the newly defined procedures in its own class, and hides the inherited procedure from
its base class. Thus, for the deferred procedures in C++, a base class has a meaning

for declaration, and a derived class has a meaning for implementation.

2. Proposal

When we investigate the implementation of virtual functions in C+ +[St91], however,
we found the machanism that the derived object does not inherit the deferred procedure
declared in a base class but has the corresponding procedures defined with the same
signature in the derived class. In Modula-3 [Ca92], procedure redefinition for deferred
procedures is represented by using the “overrides” keyword declared in the derived class.
Here we prefer the style of Modula-3 for the procedure redefinition to that style of

C++. Because the users can find easily the position of procedure redefinition in the
class hierarchy.

. In our proposal, we want to treat only the marked position for deferred procedures
in the class hierarchy, but not to its syntax and semantics. The following example presents
the position- for the class hierarchy. with the "A <- B <- C". The following shows
two approaches for the representation of procedure redefinition that the position-(1) may
be marked by "virtual" ("deferred” or any syntax), or the position-(2) may be marked
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by "overrides” (or any syntax).

SYNMODE A = OBIECT
P:PROC(...) ... END P; <- (1): "virtual"

END A;
SYNMODE B = OBIJECT OF A
P:PROC(...) ... END P; <-- (2): "overrides"
END B;
SYNMODE C = OBJECT OF B
P:PROC(...) ... END P; <-- (2): “overrides"
END B;
References

[Ca92] L.Cardelli, J.Donahue, L.Glassman, M.Jordan, B.Kalsow, G.Nelson : Modula-3
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get (300 % 1001(300) Document Server

Document Client

(28 1) Zx J& 279 o

2. Wg5 el o] 91XAA wtFe] 2o

ol ODAd] ZA% tefst 28 50) SASIL 9o, 139 g7} CDH(Cooperative Doc-
ument Handling) ¢ 2-& &-8olth. CDHel M9 EXx g+ AAD7} ol 712 Ao 473
2 WeFue) B3Ry A97t g o]y d2e d2E AR EAYE, THE olvX Y
F2HA F3 T UL & At ojegpge 2L AF 999 A4 HyhEE ojgstdXE
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ABSTRACT

An ODA document is composed of the hierarchical structure of the object. Each object is
identified by object identifier within a document. Actual information of a document is
contained in a content portion which is attached to a basic object. But currently, ODA
base standard does not support the mechanism to specify the particular position within the
content portion.

Many applications such as CDH(Cooperative Document Handling) require interactive
processing of the information contained in a content portion. So, positioning mechanism
enabling the specification of particular position within the content portion is required.
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1. Object identification mechanism

Object in an ODA document is identified by the object identifier. This mechanism
plays - on an important role especially in partial manipulation of remote or
distributed document. Fiqure 1, which illustrates the object identification mechanism,
shows the fact that a client requests the paragraph identified by the object
identifier (3 0 0).

get(3 00) Document Server

object(3 0 0)

Document Client

Figure 1 Example of the object fetch

2. A need for positioning mechanism within a_content portion

Recently, various applications, based on the ODA are developing. CDH(Cooperative
Document Handling) is one of such applications. In Such a CDH application document

~ handling had better be performed, not by the unit of the object, but by the unit of
information whithin the content portion which is attached to the basic object. The
insertion of the character string and the partial modification of the image in a shared
document are related examples. Precise manipulations cannot be achieved by identifying
the object unit only.

Figure 2 illustrates the example of the character string insertion. If we have only object
identification mechanism and don't have any positioning mechanism within content
portion, following manipulation can be a burden. With document A and B, when
certain character string is inserted into the paragraph (3 0 0) of A, then in order for B

—~216—



SHE7ISMEES4

to be synchronized with A, we should send a message to delete the related paragraph and
create modified paragraph (3 0 0) to B. The problem can be even heavier when
dealing with bigger data like image.

In this case, if we have yhe mechanism to designate yhe particular position within a
content portion, the procedure mentioned above will be replaced by the request to insert a
string to a designated position within the content portion.

B

insert_string(3 0 0 0, position,string)
/ =delete_object(3 0 0)+create_object(3 0 0)

insert "string"
Fiqure 2 Example of the character insertion

3. Conclusion

To perform the precise manipulation of the ODA document, positioning mechanism
within content portion is necessary.

Positioning mechanism is dependent on the information type of content. So, different

positioning  mechanism should be considered according to the type of content
information.
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ABSTRACT

Many researches show that cooperative editing works such as the CDH can be realized in
two models, i.e., the centralized model and the replicated model. The two models have
reversed advantages and disadvantages concerning the points like the types of cooperative
document processing, document size, communication model, and network environment.

In this document, we compare and analyze two models on the above points. This is to be
considered as a meaningful input for constructing ideal models of the CDH and the
DTAM(Document Transfer and Manipulation), and also for the standardization works.
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1. Centralized Mode! and Replicated Model

o Centralized Model

Document file is stored in a central system as in the Figure 1. All the systems of the
cooperative work use the same document stored in the central system. Whenever they edit
or browse, they use only that portion of the document stored in the central system.

In the Figure 1, system A and B requested and received the first paragraph of the
document stored in the central system, while C received second chapter. All the systems
A, B, and C can display their working portions on their monitors. When system A edit its
paragraph, that fact is delivered to the central system. This processing model is often
regarded as a client-server model. But in this model, the server can not request services
from the client. However, in the Figure 1, in order for A, B, and C to work together
fluently, any editing operation known to the central system should be automatically
delivered to other related systems (system B in the Figure 1). Without this process, A and
B would be dealing with different contents. In the case of the client-server model, to keep
consistency of the displayed portions between A and B, the system B in the Figure 1
should request to the central system to check that there is any modification.

Center

modify(3 0 V lmodify_notice(?: 00) 31
(300) 300) 310) (311

(A ® ©
Figure 1 Centralized Model

With this kind of checking process, synchronized real-time cooperative document
processing is hard to be achieved. So, the client-server model is not enough and
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centralized model performing automatic delivering of every update operations to other
systems is required.

o Replicated Model

Document file is copied and stored in all the systems as in the Figure 2. Editing and
browsing within the document is performed on their own replicated document file and this
information is transferred to other systems.

In the Figure 2, when system A modify its first paragraph, system A transfer this
fact(modifying the first paragraph) to system B and C so that these systems can update
their own documents together. With this process, system A, B, and C can maintain
synchronized replicated document all the time. In this model, whole document is copied
to all the other systems before a cooperative work begins.

modify(3 0 0/ B

(A) ©)

Figure 2 Replicated Model

2. Comparison Analysis between Two Models

One can not say that which one is more suitable to the general cooperative document
processing. Two models have reversed advantages and disadvantages concerning the types
of document handling, document size, editing size, communication model, and network
environment.
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Through the comparison analysis on these concerning points, establishment of the model
of the CDH and the DTAM can be carefully considered.

2.1. Centralized Model

Advantages

- Maintenance of Document Consistency is Simple. (Master document is stored only
one central system)

- Less Resource Are Required (Replication of the document is not necessary, so
memories of other systems are saved)

- Document Replication Time is not necessary(Without replication)

- Joining in the Middle of an Editing Work is Simple (Document Replication is not
necessary)

Disadvantages

- High Network Traffic (Even on browsing the document, each terminal should fetch
necessary contents from the central system)

- High Bandwidth is Required (Browsing takes a network traffic which results in
delayed responses and makes user board)

- Heavy System Load on Central System (When the role of central system is
designated on the one of the terminals, that one takes much system overhead)

- Additional Document Fetching Process is required after the Completion of Editing
(Terminals have only partial documents in the course of an editing)

2.2. Replicated Model

Advantages
- Even Distribution of the System Load among All the Systems
- No Network Traffic on Browsing (Whole document is replicated on every system,
so each can browse their own document file)
- Shorter Response Time on Browsing

Disadvantages
- Complex Communication Protocol (Complex protocol is required to keep the
consistency of all the replicated documents)
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- Longer Document Preparation Time is Required (Document replication takes time.
In the case of little editing on a large document it is uneconomical.

3. Conclusion

The centralized model and the replicated model for the cooperative editing work like CDH
are discussed and advantages and disadvantages of each model is also carefully analyzed.
Decision on the model for the cooperative work can not be clearly made and still need
futher consideration. One possible way is containing both models together and selectively
applying a better one on each case. But, it would be better to establish a single combined
model. A unified model containing advantages of both models seems to be a proper
answer. This unified model will have close relationship with the design of the CDH and
DTAM structure.

—226 -



