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" ABSTRACT

The usage of object models for the development of software has been growing due to the prevalence of the ob-
ject oriented paradigm. The object models produced as results of requirements analysis and design activities are
very beneficial to the implementation phase. It is even possible for source code to be generated automatically if -
object models are concrete enough. Therefore system analyzers and designers should make an effort to refine the
abstract object model defined at an early stage in order to achieve a more concrete object model. In general, re-
fining an abstract object model into a concrete model depends too much on the designer’s informal experience.

In this paper, we present the refinement techniques required for concreting an abstract object model based on
OMT(Object Modeling Technique)'s notation. We will discuss the definition of the abstraction level of an object
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model and the transformational rules of refinement. These transformational rules are currently applicd lo the de-

sign of a software tool, named Process Modeler, which is a major component of the soltware devclopment pro-

cess modeling system for ICS(Information Communication Service). Finaily we can achicve a concrete object

model which can easily be translated into C4+4 source code.
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Stack clage Stack {
private
S[MAX] : int int _s[MR%];
Ttop : int int _top;
-Lop o int _size;
size img void _overflow error();
> void _empty error();
_overflow_error() public :
_enpty_error() Stack(int n = MAX);
Stack (n: int=HAX) void push(int item);
push (item:int) int pop();
pop() : int 5

(2% 1) Ba Felo| wa
(Flg. 1) A transformation for class definition

Animal
4 clare Tiger : public Animal |
)

class Flephant : public Animal {
N

Ziger Elephant

(O 2) Lyrslae| et
(Fig. 2) A transformation for generalization

claty Afrplane {

Wing _left wing:
Hing _right wieg;

AirPlane Engine * engint;
' AizPlene(...) (

{l-f-ﬂ’llm() {
z.i'i.'late _anging;
,
y
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(Fig. 3) A transformation for aggregation

Wing Engine
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typedef Object* AnyPointer;

class ListNode {

private © // data members
AnyPointer _pointer;
ListNode* _prev;
ListNode* _succ;

public © // member functions
ListNode()
“ListNode();
ListNode(AnyPointer ptr);
void insert(ListNode* node);
void append(ListNode* node);

)8

class List {

protected : // data members
ListNode#* _header;
ListNode* _current;
int _noflist;
List();
void insert(AnyPointer ptr);
void append{AnyPointer ptr);
Boolean inlist(AnyPointer ptr);
void remove(AnyPointer ptr);
AnyPointer init();
AnyPointer next();

public:
virtual “List();
int noflist();
Boolean empty();
y void clear();

(3% 5) uist Sal|2-of HA
(Fig. 5) The specification for List class
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class Figurelist : public List {
public : // member functions
Figurelist() : List() {}
virtual ~FigureList() {}
void insert(Figure* ptr) {
List=insert((AnyPointer)ptr);
}

void append(Figure* ptr) {
} List:append((AnyFointer)ptr);

Boolean inlist(Figure* pir) {
return Listuinlist((AnyPointer)ptr);

void remove(Figure* ptr) {
List:remove({AnyPointer)ptr);
}

Figure* init() {
return (Figure *)List:init();

}
Figure* next() {
return (Figure *)List:next();

k

(18 6) Figurelist Ea~2| Ee|
(Fig. 6) The definition of FigureList class
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void FigureList: :draw() {
Figure #* tmp = init();
while(tmp != NIL) {
tmp—draw();
tmp =next();

}
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void Set : insert(AnyPointer ptr) {
if (List :inlist(ptr) == TRUE) return;
List ::insert(ptr) ;
}
void OrderedList :: insert(AnyPointer ptr) {
AnyPointer tmp = init();
while(tmp ! =NIL) {
if {tmp— key() > ptr— key()) break;
tmp =next(); - :
}
ListNode # node= new ListNode(ptr);

node— insert(_current) ;

“ m
.........

A
FigurelLict l at I | GrdaradList I
|
A
—

=] T

[ mimoaist ]
l Syaboliet I le

(38 7) TEo|H S ASe] A2 E3)
(Fig. 7) Inheritance tree for container classes
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void Man ::marry(Woman * spouse) {
—wife =spouse;

spouse--»set_husband(this);
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void Man::divorce() {
_wife~»set _husbhand(NIL);
_wife=NIL;
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class Company {

EmployeeList _workers;
public:

void insert(Employee * employee) {
_workers.insert(employes);

}

void remove(Employee # employee) {
_workers.remove(employee) ;
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.. void Student: :insert(Lecture *a_lecture) {

_lectures. insert(a_lecture);



a_lecture-)insert(this);

}

void Student : : remove(Lecture * a_lecture) {
_lectures. remove(a_lecture);

a_lecture-Yremove(this) ;

32 23 &AS Tpst HE

g3 £4e AF BA Ad2d2dN FdE
ANE Q7] 48 BP0t 8 S ¥R
a7t &2 bo} 19963 Mgeold AETsG Y g
FHE F@ey) 98 A¥ A B4R Pa
&40l 744t YA £4& CH+ ZEaY 9
s AFaon XY 5 Q7] WE 7AH A4
a9z Wiz ool @}, do|g Hlo| Lo NF S-&
Ao P32 &4 FAE Y HolEd F79
= 44os FHAY dF Eof o] A% AA I3
A9 Gz 2490] AHE A4 ol RAE BRI
7] 9% dole {2 AsE A A7 Wt 9=
&L wddE FAY AN BYE dojg Holx
of E S-g-clMs vfANAE e WEE e
BEe XYY 4 U= ZH2S APz 34

2 4 9 & oA A% AA a e FA §40]

marry
yeor ; int
place :char *
v .
Mn " Roman
MarTyInforuple
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_place : char *
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class Man {

MarryInfoTuple * _marry _info;
public:
void marry(Worman *spouse, int when, char % where) {
_marry_info=new MarryInfoTuple
(this, spouse, when, where);
spouse—»sel_marry_info(_marry_info);
b
void divoree() { . -
_marry_info— get_wife()—set_marry_info(NIL);
delete _marry_info; _marry_info=NIL;

4
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dlass Man {

MarryInfoTupleList _marry_info_list;
public:
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void marry(Woman #spouse, int when, char % where) {
MarmryInfoTuple #ua_tuple=new MarryInfo-
Tuple(this, spouse, when, where):
-marry_info_list. insert(a_tuple);
spouse— insert(_marry_info);
}
void divorce(Woman *spouse) {
MarryInfoTuple * found = _marry_info_list.
search_tuple(this, spouse);
_marry_info_list.remove(found);
spouse— remove(found) ;
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class Student {
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LectureInfoTupleList _lecture_info_list;
public:

void attend(Teacher *teacher, Lecture *lecture) {

LecturelnfoTuple *a_tuple = new Lecture-
InfoTuple(this, teacher, lecture);

-lecture_info_list.insert(a _tuple);
teacher— insert(a_tuple);
lecture— inseri(a_ tuple) ;

}

void cancel{Teacher *teacher, Lecture *lectyre) {
LectureInfoTuple *found = _lecture_info_list.

search_tuple(this, teacher, lecture);
_lecture_info_list.remove(found);

teacher— remove(found);

lecture— remove{found);
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