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Abstract

Computer-Aided Software Engineering (CASE) and Object-Oricnted Development
(OOD) are used to help efficiently construct reliable and maintainable software sys-
tems. This thesis focuses on creating object-oriented support environments in Metaview,
a metasystem that can generate automatically a variety of cenvironments to support

software engineering activities, such as requirement analysis and design.

Although some structured environments have been defined in Metaview, no object-
oriented methods have heen modeled. An investigation of object-oriented modeling
in Metaview achieves two purposes. Firstly, Metaview’s capability to define object-
oriented CASE environments is studied and critiqued with the objective of determin
ing those modeling aspects that can be improved. The second major contribution of
this thesis is the development of an enhanced objeci-oriented development method
that is an amalgamation of several representative object-oriented methods, On the
basis of the review and critique of popular Q-0 methods, an enhanced method, called
the OOM (Object-Oriented Modeling) approach, is proposed, defined and prototyped

in Metaview.
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Chapter 1

Introduction

The dramatically increasing complexity of many software systems has led to the re-
cent “crisis” of software development. Computer-Aided Software IEngineering (CASIE)
has evolved to help solve this problem by providing automated assistance for de-
velopment teams to manage this complexity. Because it is costly to produce offi-
cient and reliable support environments, meta system facilities, such as Meluview
[McA88, DeD91, Sor91, Sor88, Fin93e], Mctallex [CN8Y], Metalodit [Smoyl] and
Socrates [Ver91], are being developed to generate antomatically a variety of software
specification environments to support major parts of CASE activities, such as re-
quirement analysis and design. A common characteristic of metasystem is three-level
architecture: meta level, environment definition level, and the application (or user)
level. This architecture is described in greater detail in chapter 2 of the thesis. Fach
metasystem has a underlying model as a framework to develop software specification
environments that are defined formally and unambiguous. This makes modeling time
and cost of developing a specification environment significantly reduced. Moreover,
it is easy to improve previously developed specification environments and to compare
alternative environments in a metasystem [ST93]. At present, to onr knowledge, there

is no commercial products that use the metasystem approach.

The traditional structured methods of software development suffer from problems
[KM90] that include little or no iteration within development phases, no emphasis
on reusability and extendibility issues, and no unifying models and notatio: to inte-
grate well the development phases. In response, the object-oriented (0-0) methods

are proposed [Rum94, HS91]. The O-O approach is fast becoming the standard for
1



software system development in the industry.

It is significant to define object-oriented (O-0) environments in Metaview because
no Q-0 environment has been implemented using Metaview. Although a number of
0-0 methods have been proposed, no standard has emerged and each existing 0-O
method suffers from some disadvantages. Therefore, it is also valuable to propose
an enhanced 0-O method that combines many of the hest features from the existing
methods. Because of OOM’s incorporation of different O-O methods, prototyping
the OOM method using Metaview can provide a broader test for Metaview’s O-O

modeling capability. The major thrusts of this thesis are to:

e explore the mechanism of defining object-oriented environments in Metaview.
The challenge of integrating O-O development methods in a common environ-

ment can stress test the modeling capabilities of Metaview;

e propose an enhanced O-O method and prototype it in Metaview.

Section 1.1 provides a brief background of Metaview. Section 1.2 introduces the
0-O development methodology and its basic concepts. The chapter concludes with

an overview of the remaining chapters of the thesis.

1.1 CASE Environments and Metaview

Several key concepts used in the thesis are introduced as follows:

o A software engineering method' provides a technique of “how to” build software.
A method is often supported by graphical notation to express the requirements
and designs of a software system. The Structured Methodology is a traditional
approach focuses on specifying and decomposing system functionality

from the a . on domain.

e An integrated CASE tool set or environment provides automated or semiauto-
mated support for the system development that is guided by a corresponding

method.

'According to the Ozford English Dictionary, methodology is “the science of method”, it is “a
treatise or dissertation on method”. We use methodology as the abstract description of a class
of methods, e.g., Structured Methodology includes structured methods such as Data Flow Diagram
(DFD) and Higher Order Software (HOS), etc.



CASE environments operate rather independently. To provide support for multi-
ple CASE environments, Metaview is being developed as an integrated meta CASE

facility. The primary advantages of Metaview are:

1. Definition and Integration of a New Environment
The meta model and environment definition langnages provided in Metaview are
very helpful in defining environments. Because Metaview has a mechanism to
integrate and maintain a variety of environments, a newly detined environment

can be composed with other Metaview created environments rather easily.

2. Definition of Constraints
Metaview has a strong capability for defining system constraints during the envi-
ronment configuration. which makes it possible to check the system consistency

and completeness automatically.

3. Environments Mainlenance and Evolution
A variety of support, environments are integrated nsing Metaview. The system
developer can choose one or several environments to support system develop-
ment. In addition, an environment definer can easily alter or extend an existing
environment to match the software development requirements for a particilar

project.

1.2 Basic Concepts of the O-O Method

The 1980s brought a major breakthrough in software engineering with the introdue-
tion of O-O approaches to system development [HS91]. Thesc approaches model the
real world at many levels of abstraction and thereby support the development of more
comprehensible, reusable, and extendable software systems. In addition, O-O meth-
ods hold the promise of improving both the quality and the productivity of software

development.

The object-oriented mcthodology consisis of object-oriented analysis (QOA), object-
oriented design (OOD), and object-oriented implementation (OOP). OOA is a stage
of decomposing system into objects. A number of classes and their relationships
are defined in OOA models. The QOD phase transfers OOA models into design

models by grouping the objects into subsystems, and determining the data struc-



ture and algorithms needed to implement each class. OOP is the implementation
stage and is not the central focus of this thesis. Object-oriented approaches generally
have the basic concepts which have been synthesized from the following references

[Budy1, GooY2, Rum91, HS91, KM90]:

o Object: An object is an entity that has identity, state (through the attributes it

contains) and hehavior (through the operations or methods it can perform).

o Class: A class abstracts and groups objects according to their common at-

tributes and behavior. An object is an instance of a class.

o Inheritance: A class (the subclass) inherits the properties (attributes and oper-
ations) of another class (the superclass). The relationship between a subclass
and its superclass is called inheritance or is-a relationship. Multiple inheritance

means that a subclass shares the properties from more than one superclass.

o Aggregation: The relationship between an assembly class and its component

classes is called aggregation. It is also called the part-of relationship.

1.3 OQutline of the Thesis

The thesis is organized as follows. Chapter 2 introduces the basic background of
Metaview and illustrates how a specified environment can be defined in Metaview.
To gain an understanding of Metaview and its modeling capability, a widely used
method, Rumbaugh et al’s OMT, is chosen to be prototyped in Metaview. Chapter 3
presents the OMT method and the modeling results. In addition, Metaview’s capa-
bility to model O-O methods is also critiqued in this chapter to satisfy the first major
objective of the thesis. Chapter 4 presents the comparison of several representative
0-0 methods: OMT, Booch’s Method, Fusion Method, and Shlaer-Mellor’s Method.
On the basis of this comparison and on the experience of OMT modeling, chapter 5
proposes an enhanced method, called the Object-Oriented Modeling (OOM) method.
The definition and prototype development of OOM in Metaview completes the second
major objective of the thesis. The thesis concludes in chapter 6 with a summary of

the major contributions and a discussion of the future research in this area.



Chapter 2

Metaview, the Generator of Multiple

Environments

Metaview is a system to generate automatically software specification environments
used in requirement analysis and design [Bol92, Sor83, McA88, Zhu93]. Becarise one
primary objective of the thesis is to assess how well a metasystem approach can be
used to support object-oriented methods, it is important to provide an overview de-
scription of Metaview. Section 1 introduces the fundamental concepts in Metaview
[Sor91, Fin92a, Fin92b], followed by Section 2 which describes the Metaview archi-
tecture [Fin93e]. In Section 3, the modeling schema for software methods and the

modeling advantages of the Metaview environment are discussed.

2.1 Fundamental Concepts

The meta model in Metaview is called the EARA/GE ( Entity-Aggregate-Relationship-
Attribute with Graphical Extension) model. The Environment Define Language (15D1)
and Environment Constraint Language (ECL) were developed on the basis of EARA/GE

model to define a supporting CASE environment.

EARA/GE Model

The main elements of the EARA are entity, aggregate, relationship, and altribute.
An entity represents an identifiable software object. A relationship binds together two

or more entities that are somehow interrelated in the modeled software environment.

b)



An aggregate [Fin93a] is regarded as a special object representing a collection of
entities and relationships. An aggregate is used to show more details or internal
structure for a complex entity. For example, in Figure 1 the abstract entity A is
associated with the aggregate B, which is composed of two entities C and D, and
the relationship R between them. We say that the entity A is exploded into the
aggregate B or that the aggregate B is an explosion of the entity A. Each type of

(v)

| explosion

k]

[ (m)| »

Figure 1: Aggregate in EARA model

entity, relationship and aggregate object can have attributes. Each attribute has its

own name and value type,

In addition to aggregation, Metaview supports generalization through subtyping.
A subtype inherits all attributes (names and types) of its supertype. This leads to

more compact and readable environment descriptions.

The Graphical Extension (GE) adds two important aspects to the EARA model.
First, graphical counterparts for each of the type sets existing in the EARA Model
are defined. In particular, the graphical notation for icon, edge and diagram types are
provided as the counterparts of entity, relationship and aggregate types, respectively.
The second aspect provides drawing rules (constraints) to ensure for a particular envi-

ronment the “correctness” of the graphical representation of a software specification.

EDL and ECL

EDL is based on the EARA metamodel and is used to capture the basic con-

cepts inherent to specification environment [GM93, MG93]. ECL is used to define



constraints formally and thereby support the automatic checking of a specification’s

consistency and completeness [Fin94b, Fin94c].

2.2 Architecture of Metaview

Figure 2 shows how the Metaview system is partitioned into three levels: the Meta

Level, the Environment Level, and the User Level.

EARA/GE mode!
2
Metaview Metaview Ueteview
Software Library Tools Library Definer
Database
Environment Management
Editors & & Utility
Meta Level Compilers Software
@) Environment
Description Generic &
Environment Universal Tools
Oufiner Environment
Specification
Environments | Environment o
Library Specification Configuring Support <
Software Process
Configured System Enginesr
Specified Supporting
Environment
Configred Configured Tool
y 1gur [s]¢)
Environment Level Database £ l’
User Specification Specificatio Project Diagram Us
ccification agrams cr
Level pec p j g MGED : _%_
Database Information Daemon Server Interaction
System
Deveioper

Figure 2: Current prototype configuration of Metaview
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1.

Meta Level
At the Meta Level, the Metaview definer defines the EARA/GE model and

then creates two libracies, the Metaview Tools Library and Metaview Software
Library, which provid. generic tools and utilities respectively for the other levels.
Currently, only the Metaview Graphical Editor (MGED) exists in the Metaview
Tools Library, while the Metaview Software Library is richer with the following

utilities:

e Dalabase Engine
This prolog-based database management system is used to manage the

Specification Database at the User Level
o Project Daemon
This server supports the graphical interface tc the system developer and

provides the access to the Specification Database at the User Level [Fin93d].

e EDL/ECL compilers

They are used to compile the CASE supporting environments defined in

EDL/ECL at the Environment Level.

Environment Level
The Environment Level, which connects the Meta Level and the User Level, is
the functional level to generate required environments. It is the major level for

modeling a software development method (e.g., object-oriented methods).

As shown in Figure 2, the environment definer uses the environment modeling
software provided at the Meta Level to do environment modeling. As a result,
a formal environment specification is generated and stored in the Environment

Library. An environment specification is composed of:
e Conceptual Tables which contain the declarations of entity, relationship
and aggregate types, as well as their attributes;

e Graphical Tables which contain the graphical types (e.g., icon and edge

types) that correspond to the conceptual types;

o Conceptual Constraints and Graphical Constraints which ensure the con-

sistency and completeness of the CASE environment.



In the fully working Metaview prototype, the conceptual and graphical tables
are defined in the ENL language, while their constraints are described in the

ECL language.

The software process engineer carries out the system configuration process to
construct a specified supporting environment. In the first step of the process,
proper generic tools and the environment specification are selected from the
Metaview Tools Library and the Environments Library, respectively. Then the
software process engineer creates configured tools from the selected tools and
environment specification, and creates the configured database from the envi-

ronment specification and generic Database Engine.

In summary, two tasks, the environment modeling and system configuring, are
necessary to construct a supporting environment. In the current Metaview
prototype, MGED is the primary configurable tool. 1t is supported by the Praject
Daemon which is the general server to manage the specification database access

for MGED and future generic tools.
3. User Level

Prior to using a specification environment, the application system developer sets
up the Project Daemon Server and various MGED clients. He/She then edits
the software specifications (in the form of diagrams) for the application system
using MGED. The specifications are passed by MGED to its Projecl Dacmon
Server, which processes the diagrams and stores the specification information

for the application system into the Specification Databasc.

2.3 Metaview Modeling Mechanism

2.3.1 Method Modeling

To build an environment based on a Metaview development method, two components
are created: the concept_env and graphic_env [Fin93c, Fin93b]. Some important fea-
tures of Metaview, such as its support of aggregation and classification functions,
and its support of defining environment constraints, ensure Metaview can gencrate

specified environments easily.



Concept_env and Graphic_env

Concept_env contains the conceptual definition of the environment, which has four
basic types of logical components: entities, attributes, relationships and aggregations.
Graphic_env defines the graphical extension (GE) to the conceptual definitions. The
logical elements defined in concept_env are mapped irto corresponding graphical no-
tations defined in graphic_env. For example, in an 0-O environment the conceptual

entity class is represented using the graphical notation of a boz.

At present, the ECL/EDL compilers are not practical as the ECL part is not fuily
implemented and tested. A method can be and was modeled using Prolog language
statements at the Database Machine level. To make the environment definilions
in the thesis easier to read, the corresponding EDL/ECL are used to describe the

environment modeling process.

Aggregation and Classification

One important advantage of Metaview is that it supports an entity ezplosion
association called aggregation. This allows the encapsulation of similar entities and
their relationships into an abstract entity called aggregate entity. Support for an

aggregation is built into the system (i.e., supported at the Database Machine level).

Metaview also supports classification or generalization. If several entities or rela-
tionships have the common characteristics, we can define an abstract type and then
define its subtype(s) in both concept_env and graphic_env to simplify the modeling.
The attributes of abstract terms can be inherited by all the descendants and so it is
convenient for the environment developer to generate a software specification envi-

ronment using inheritance.

Environment Constraints

Metaview provides two kinds of constraint checking, completeness checking and
consistency checking. Consistency checking automatically checks the developer’s spec-
ification entry and provides error messages when inconsistencies in the specification
exist. The wrong modeling operations will result in an inconsistent specification which
cannot be performed and saved in the Metaview specification database. Completeness

checking is a weaker form of checking in the sense that partial defined sperifications

10



are allowed and can be stored in the Metaview specification environment. When a de-
veloper finishes part or all of the requirements analysis or design specification, he/she
checks whether or not the model is complete. Incompleteness are reported and it is
the responsibility of the developer to complete the specification. Completeness and
consistency checking are implemented in two places: in concepl_env to check the log-
ical modeling, and in graphic_env to check the graphical representations. Constraint

checking is a very powerful feature in Metaview.

2.3.2 Environment Definition Guidelines

Several environments, such as Data Flow Diagram (DFD) [McA88, Fin94a], Higher-
Order Software (HOS) [Sor91], Structure Chart [ST93], ADISSA [Lee92] and Ward-
Mellor [Gad94a], have been modeled i Metaview. Based on the experiences gained
in modeling these environments, the following guidelines [Gad94a] are adopted to

prototype a method:

o Keep fidelity to the modeled method

As much as possible, aspects of a method should be modeled in its CASE
environment. The original method should not be changed because it is difficnlt
to model some features in Metaview, or because there exist weaknesses within

the method.
o Minimize the complezity of the generated environment

Classificat'on and aggregation are the major modeling features of Metaview
which can decrease the modeling complexity. Therefore, the environment definer

should use these abstract concepts whenever possible.
o Ensure the consistency and completeness
To ensure the production of high quality specifications, the defined environment,

should support consistency and completeness checking.

In this thesis, we will attempt to strictly adhere to these guidolines.

[}



Chapter 3

Modeling Rumbaugh’s OMT in

Metaview

After understanding an O-O method, we should be able to construct a prototype
environment for the method in Metaview. Among several object-oriented methods,
OMT was chosen for modeling primarily because it is a relatively complex and ex-
pressive model, and it appears to be the most popular method among those being

adopted by the industry.

Figure 3 depicts the architecture of OMT method. Requirements for the system
to be developed are accepted as inputs at the OOA phase to do Object Modeling,
Dynamic Modcling, and Functional Modeling. Analysis models and relative documents
are outputs of OOA that are stored in a repository. They are used as the inputs to
the OOD phase which contains both System Design and Object Design. The results
of O0D, the design models and related documentation, help generate an Information
System that is the solution of the problem domain. Iterations exist within the OOA,
OO0D, and the Implementation phases, within the subphases of the OOA and OOD
(e.g. Object Model within OOA), and across the OOA, OOD and Implementation

phases.

In the following sections, the objectives of OMT modeling in Metaview are dis-
cussed first. Then the OMT’s OOA and its modeling in Metaview are presented in
section 3.2 and 3.3, respectively. Section 3.4 introduces OMT’s OOD along with its
model description in Metaview. Section 3.5 provides an assessment of the strengths

and the limitations of Metaview’s capability to model OMT and O-O methods more

12
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Figure 3: OMT method
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generally.

3.1 Purpose Of Modeling OMT

Why OMT?

Among current ohject-oriented methods, Rumbaugh ¢t afs OMT is among the
most popular. Several books and papers [Rum91, Rum94, Gil94, dCF92] that dis-
cuss OMT are published and some commercial CASE tools that support OMT are
developed.  For example, a CASE tool called OMTool [The93] is now provided by
the Advanced Concepts Center (ACC) of General Electric to support OMT in both
DOS and UNIX environments. These positive results convinced many organizations
to adopt this method. Compared with other object-oriented methods, OMT has
powerful support for the development of complex systems. OOA, in particular Ob-
ject Modeling within the OOA, uses many notations to express different situations
that may arise in complex application systems. Although some other object-oriented
methods, such as Shlaer-Mellor’s Method, have similar object modeling techniques,

OMT was chosen as the first and representative O-O method for prototyping.

Purposes of Modeling OMT

Our effort to prototype the OMT methods in Metaview involves configuring a
basic OMT CASE environment. In this thesis, the purposes of modeling OMT are
to:

e FErplore the Possibility of Modeling O-O Methods in Metaview

Metaview is still an exploratory research prototype - ad thereby there is no
guarantee that it can successfully model any arbirary method. Factors, such
as whether the method matches the the fundamental concepts of EARA/GE
model, affect method modeling. Although several methods, such as Data Flow
Diagram (DFD) and Higher-Order Software (HOS), have been modeled in Metaview,
none are object-oriented. Prototyping OMT as a representative O-O method
using Metaview allows us to explore the complications of modeling O-O methods
in general. In particular, it is valuable to define the O-O concepts, such as class,

object, inheritance and aggregation etc, in Metaview. This exploration should



uncover the advautames and disadvantages of Metaview and thercby provide

valuable insights into how we can improve omr metasystem approach.
e Provide an OMT Environment in Metaview

One goal of Metaview is to provide multiple-method CASE tools so that de-
velopers can choose their favarite method and associated environment to build
their application system. OMT is a popular method and so it is worth while to

provide an OMT CASE environment in Metaview.
o Support Other Object-Oriented Modeling

There exist several papular object-oriented methods and each has strengths and
weaknesses. On the basis of an OMT madeling experience, we can compare and
critique popular O-O methods, propose an enhanced object-oriented method,
and implement it in Metaview. For such enhancements, it is hoped that much

of the OMT definition can be reused for the enhanced method.

3.2 OMT’s O0OA

The purpose of OOA is to understand and define the apnlication domain so that a
correct design can be constructed. In this section, we introduce how to use Metaview
to prototype OOA’s three orthogonal models: the Object Model, Dynamic Maodel,
and Functional Model. Each model focuses on a particular aspect, namely, data,

sequencing, and operations respectively.

There are two aspects that need to be clarified. First, when we refer to an object,
we may describe a class or a class instance, or both. In general, it should bhe clear
which concept applies from the context provided. Second, the term system is generally

used to refer to the application system (or the problem domain) that is being modeled,

In the following discussion, the Object Model, Dynamic Model, and Functional
Model are described in succession. Then the environment modeling approach in

Metaview is shown for each model.

oA |



3.2.1 The Object Model

Within the Rumbaugh’s OOA, obhject modeling is the first and the most complex

etep. The Object Model is used to capture the static structure of an application

system via classes/objects and their relationships. Rumbaugh described a series of
steps 1o do object modeling. In order to keep fidelity with OMT, we introduce all the

prescribed notation within each step to build the Object Model and then illustrate

how to describe the model in Metaview.

1. The Steps to do Object Modeling

1.

ldentify the Objects

(lass is the core concept in an ohject-oriented method. In orcer to describe a
system using OMT, the analyst must first identify all the classes in the applica-
tion system. Figure 4 illustrates the graphical notation in OMT: cless, derived
class, object instance, and derived object instance. A derived class or object

instance is derived from one or more classes or objects, respectively.
Identify the Associations and Aggregation of the Classes

Association is a special relationship of which there are three kinds of associ-
ations in OMT: the multiplicity association, qualified association, and ternary

associalion.

Multiplicity specifies how many instances of one class may relate to a single
instance of ap associated class. It can be divided into five categories: Ezactly
one, many (zero or more), optional (zero or one), one or more, and numerically
specified. There exists a constraint in the association called ordering, which
uses the text {order} to clarify the order of the “many” side of the association.

Figure 5 summarizes the multiplicity of associations and the ordering.

In the process of modeling OMT method, the one or more multiplicity and
numerically specified multiplicity can be modeled by putting 7+ or a specified

number in place of the ezactly one multiplicity.

Multiplicity exists on two sides of an association. For the three most com-
mon kinds of multiplicity there exist nine kinds of associations: many-to-many,

one-to-one, optional-to-optional, many-to-one, one-to-many, many-to-optional,

16
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Class Name /Class Name
attribute! /attribute!
attribute2 /attribute2
operation| loperation}
operation2 loperation2
Class Derived Class
) f/ A
Ohject Name Object Name
attribute fattributel
attribute2 Jattribute?
operation] foperation]
operation2 /operation2
s y \_ e J
Object Derived object

Figure 4: The notation of class and object instance

class ——— class

Exactly one >=]

class @——— class |2
optional (0 or 1) Numerically specified

class jo— _—cla_;‘Jﬂfffi’-

Many (>=0) ordering

Figure 5: The notation of multiplicity and ordering
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optional-to-many, optional-to-one, and one-to-optional association. Besides all
these multiple associations, the constraint ordering is also modeled in the pro-

totyped OMT environment.

Class! Class2
Association Name
i Attributes
Attributes qualifier
! rolel rale2
Operations Operations

fa) gualified association

Directory | file name ———————ef File

(b) example

Figure 6: The notation of qualified association

Qualifier is a special attribute to reduce the effective multiplicity of an associa-
tion. A qualified association reiates two object classes as showed in Figure 6(a).
Two kinds of associations can be qualified, the one-to-many and many-to-many.
The Figure 6(b) provides an example for the one-to-many association. A quali-
fier named file name is used to specify a unique file which belongs to a directory.

That is, a directory plus a file name determines a file.

The general form of an association ternary and an example are shown in Figure 7
(a) and (b), respectively. In the example, class Passenger, Flight, and Seat have

a ternary association: any Passenger who takes Flight is assigned a Seat.

In this step, an analyst also identifies the aggregations (or is-part-of) relationship
of classes. Figure 8(a) illustrates the general graphical notation. An example of
aggregation is shown in Figure 8 (b): a directed graph is composed of edges and
vertices. The edges and vertices are components of its assembly class directed
graph. Recursive aggregation is allowed in OMT. Thus, the components of an

assembly class can in turn have their own components.



Class2

(a) Ternary

Flight Seat

Passenger

tb) Example for ternary association

Figure 7: The notation of ternary

Assembly Class

l Part-1-Class | [ Part-2-Class I

fa) aggregation

y

(b) example of aggregation

Figure 8: The notation of aggregation
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All the graphical notation in this step: nine multiple associations, ternary as-
sociations, qualifier, and aggregation, have been modeled in the OMT environ-
ment. The implementation details for the prototype are presented later in this
section.

Identify the Attributes, Operations, and Propagations

The analyst first identifies the attributes of objects, then the operations on

objects and propagations of operations.

The class attribute, object instance attribute, and link attribute are used to
express the public interface of a class, instance, and link respectively. In OMT,
an analyst can define attributes of the links existing between classes. Figure 9(a)
illustrates a general link-attribute. In the example shown in the Figure 9(b), the
attribute access permission is the common property of the association between
File and User. If access permission is not defined as a link attribute, it must
be modeled as a class, with a ternary association among User, File, and access

permission. Using the link attribute can reduce the need for ternary associations.
| Class1 ! Assocnaktlojxl Name ! Class2 l

link attribute

fa) link attribute

Accessible by
l File ! k J ! User |

access permission

(b) example

Figure 9: The notation of link attribute

Derived attributes and derived operations are also defined in OMT for the derived
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object. For example, in Figure 10 the class Person has the attributes of cur-
rentDate and birthDate. A derived attribute named age, which is determined
by currentDate and birthDate, is also declared. A label {age=currentDate -
birthDate} is presented in the object modeling diagram to show explicitly the

relation between the derived features and original features.

Person

birthDate
currentDate

lage

{age = currentDate - birthDate}

Figure 10: Derived attribute and operation

Propagation of operations provides a powerful way to specify a series of oper-
ations executed within a group of objects. Assume that a set of associations
or aggregations exist among a network of objects. If an operation is applied to
some of the objects in the network, the same operation will be antomatically

applied to the rest of the objects via operation propagation.

Propagation is indicated with a small arrow and an operation name next to
the affected association (or aggregation). The arrow shows the direction of
propagation. Figure 11 presents an example showing how the operation copy is
propagated in three classes, and is connected by two aggregation relationships.
A document is composed of paragraphs which in turn are composed of multiple
characters. Copying a document causes the copying of paragraphs which in

turn causes the copying of characters.

Document copy Paragraph Character
-— copy
< e
copy copy copy

Figure 11: Propagation of operations
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4. Identify the Inheritance within the System

Some classes have similar behaviors. A special relationship called inheritance
is used to connect a superclass and its subclass(es) which share common be-
haviors. This relationship, also called is-a relationship, can simplify the class
description and help to organize concisely the system architecture. For exam-
ple, in Figure 12 (b), subclasses faculty, student, and staff share their attributes

and operations through the superclass university member.

Subclass-1 | Subclass-ll

(a) Inheritance

University
Member

[ Faculty] [Student| [Staff |

(b) Example of inheritance

[Student] Employee

|

. |
[Full-time Student| [Part-time Student] [Full-time Employee|

(c) Example of multiple inheritance

Figure 12: The notation of inheritance(generalization)

OMT also allows multiple inheritance, that is, a subclass can inherit operations

and attributes from multiple parents. In Figure 12 (c) for example, Part-time



Student has two super classes: Employee and Student.

5. Constraints
Constraints exist between objects, attributes, links, and associations. Figure 13

depicts three constraint notations:

e Object’s Constraints
A constraint restricts the value scope of an object’s attribute. For example,
in Figure 13(a) the balance of a bank account is constrained to be not less
than zero. Also Figure 10 shows the constraiat to the derived attribute
age. This kind of constraint is expressed by putting a label under the

object box.

o Constraints On Links
This type of constraint includes the qualifier, ordering, multiplicity, link
attribute and label, which are expressed by placing them near their link
lines. Figure 13(b) illustrates an example: hoth the qualifier constraint
filename and ordering constraint ordered are shown to apply between the

classes Directory and File.

e General Constraints
Figure 13(c) depicts how a special relationship between two associations
or two classes can be expressed by drawing a dotted line between the two
relationship edges. This figure illustrates the general constraint subset that
exists between the many-to-one association member-of and the many-to-

one association manager-of.

6. lterate and Refine the Model

It is almost impossible for the analyst to describe correctly the static system
using classes and their relationships the first time. User requirements are often
misunderstood or changed during the period of an analyst’s object modeling.
An analyst may be forced to revise the model several times to clarify object
(attributes and operations) definitions, repair errors, add details, and correctly
capture the constraints within the system. It is also important for the analyst
to refine the object model to add inheritance, thereby decreasing the complexity

of the system by deleting redundant classes and relationships.
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Account

balance

{balance>=0)

(a) Constraints on objects and attributes

Directory [ filename

{ordered}

{b) Constraints on links
member-of
P
A
Person i {subset} Group
: o |
manager-of

(c) Subset constraint between associations

Figure 13: The notation of constraints
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7.

Group Classes into Modules

Some classes may have a rather close connection and so they can be grouped
into a module. In this way, the analyst can partition an object model into

manageable pieces, which helps in providing a clear system description.

3.2.2 The Dynamic Model

After gaining an understanding of the system by examining its static structure and

building an object model, an analyst examines changes to the objects and their rela-

tionships over time, and expresses these changes in a Dynamic Model.

Traditional finite state machines (FSM), represented as the state diagrams, are

used to create the Dynamic Model. The pattern of events, states, and state transitions

for a given class can be abstracted and represented as a state diagram.

1. The Dynamic Modeling Steps

1.

Prepare Scenarios and Identify the Events

At the beginning of dynamic modeling, an analyst builds scenarios to under-
stand the system behavior. A scenario is a sequence of events that canse the
state changes due to external stimuli also called events. An event trace is pre-
pared for each scenario to provide a detailed understanding of the system’s

behavior.

Build State Diagrams

For each object class in the Object Model, a state diagram is built to show
its dynamic behavior caused by the events the object receives and sends. The
transformation from the Object Model to Dynamic Model is relatively casy. All
the elements in the Dynamic Model, such as ecvent, state, action and aclivity,
are used to build state diagrams. Such a construction is rather complex and so

is discussed further in the following suhsection.

Checking the Consistency of the Events
When the state diagram for each class is complete, it is necessary to check its
consistency and completeness. For example, a state without either a predeces-

sor or successor is incomplete. In our OMT prototyping environment, many

.
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consistency and completeness checks have been implemented, many of these are

presented in the Appendix.

2. How to Build a State Diagram

In the Dynamic Model, state is the most important concept. Any object has three
types of states: initial state, which is entered on creation of an object, final state,
which implies destruction of the object, and intermediate state. Over time, the object
is stimulated via events, which results in a series of state changes. A change in an
object’s state is called a transition. Transitions of an object can be modeled as arcs
that emanate from an the initial state node, connect all intermediate state nodes, and

terminate at the final state nodes.

Some optional terms: condition, activily, and action are defined in Dynamic
Model. Figure 14 shows how they are depicted as graphical notation. Condition
can be used as a guard on transitions and is depicted as a boolean expression in

brackets following the event name.

Operation is a behavioral description of an object which specifies what the object
does in response to events. There are two kinds of operations: activity and action.
An activity is an operation that takes time to complete. An activity starts on entry

to the state and stops on exit.

An action is an instantaneous operation associated with an event. FEntry/FEzit

actions arve two special actions that take place when a state is eutered/left.

As shown in Figure 14, a state is drawn as a round cornered rectangle which
contains the state name. An initial state is shown as a solid circle and a final state as a
bull’s eye. An event is represented as an arrow from the source state to the target state
with event name placed near the arrow. The arrow represents the transition caused
by an event. An event name may optionally be followed by one or more attributes
within parentheses. If applicable, a condition may be listed within square brackets
after an event name. An activity is indicated within a state box by the keyword
do: followed by the name or description of the activity. An action is indicated on a

transition following the event name delimited by the ¢/’ character.
Some advanced dynamic modeling concepts are:

o Internal Actions
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An event can cause an action to be perforimmed without a state change. Such an
action is an internal action. It is expressed within the state box by an evoent
name followed by the internal action name. As an example shown in Figure 1,

the entry/entryAction is an internal action within stafel.

o Sending Fvents
Events can also be sent from one object to another. The dotted line from a
transition to an object indicates that an event is sent to the object when the
transition is triggered. Figure 14 depicts an example of sending cvents to the

object class].

Statel ate
. eventl(attribute 1 ) condition|] Jaction! Stae2 . .
do: activity dozactivity2 finafivent

stanEvent vi .
event/intemalAction J exit/exitAction

entry/entryAction

{event2(attribute?)

'l

Classl

Figure 14: State transition and sending events

e Nesting State Diagrams

In a state diagram, states and their activities can be organized into generaliza-
tion hierarchies to improve understandability and share structure and bhehavior.
An activity in a state can be expanded as a lower-level state diagram, where
each stale represents one step of the activity.

States can have substates that inherit the transitions of their superstates, just
as classes have subclasses that inherit the attributes and operations of their
superclass. Any transition that applies to a state also applies to all its substates,
unless overridden by another transition on the substate.

We implement substate structures using aggregation in Metaview.,

o Cloncurrency
When an object can be partitioned into subsets of attributes; the state of the

object is composed of substates. The same event can cause transitions of varions
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substates, and therefore concurrency arises within an object. These concurrent
subactivities must he completed hefore going to the next state. Figure 15 shows
the graphical expression of this concept. After receiving eventl, the object
transforms its stat= from State! to State? which is composed of substate2.! and
substate2.2. The subevents of cvent? is partitioned into event2./ and event2.2,
which cause the concurrent subactivities of the object. When the concurrency

completes, the ohject transforms its state to State3.

State2 )

Figure 15: Synchronization of concurrent activities

3.2.3 The Functional Model

Using aspects of the Object Model and Dynamic Model as a basis, Functionai Mod-
cling is the last phase in OOA. It describes how values are computed without regard
for sequencing or object structure. A Data Flow Diagram (DFD) is used to construct
Functional Models. It contains processes to transform data, dataflows to move data,
aclors (terminators) to produce and consume data, and the data stores to store data
passively.

Although the Functional Model focuses on the analysis of system functions and is
not clusely related to the other two models, there still exist some connections between
the Functional Model and the other two models. For example, the processes in DFD
correspond to activities or actions in the State Model, and the dataflows in DFD

correspond to objects or attribute values in an Object Model.

1. Steps to Build Functional Model
1. Identify the Input and Output Values

Iuput and output values are parameters of events between the systems and the

outside world.
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2. Build Data Flow Diagrams
Building a data flow diagram is a complex activity and so is introduced in next

subsection.

3. Describe Functions
A description for each function should be written to explain what the function

does.

4. Identify Constraints
In a system under development, many semantic constraints exist. For example,
in a banking system, a constraint might be that client’s account halance may
never be negative when the client wants to withdraw cash from the acconnt.
The analyst identifies constraints in the funclional model as preconditions and

postconditions of the functions.

5. Optimizing the Functional Diagrams
At the end of functional modeling, an analyst optimizes the analysis models by
decreasing the communications hetween sites, where a site can he a data store,

an actor, or a processor.

2. Build Data Flow Diagrams

The Functional Model consists of multiple data flow diagrams (DFD) which show
what output values are derived from input values, without specifying how or when
they are computed. A DFD shows the flow of data from external inputs, throngh
operations and internal data stores, to external ontputs. Figure 16 shows the different

elements in a Data Flow Diagram.

A process is drawn as an ellipse containing a process’s name. An aclor is drawn

as a rectangle containing an actor’s name,

A data flow represents an intermediate data value that can be changed by a process
or actor. A data flow is drawn as an arrow between the producer and the consnmer of
the data value. Sometimes a composite data value is split into its compouents, cach
of which goes to a different process. For example, in Figure 16 the data value dataj

is split into data4.! and data4.2.

A data store is a passive object that contains data for later access. It does not

process any operations but merely responds to requests to store and access data.



rocess) datal » Data Store
Goopsl L

| Act(_)'r_j,

control flow data flow
------------ > >

Figure 16: The basic notation of Data Flow Diagram

Some advanced concepts are as follows:

o Nested Data Flow Diagrams
A process can be expanded into another data flow diagram. Each input and

output of the process is an input and output of the new diagram.

o Control Flow
A control flow is not an input data value to the process, rather it is a Boolean
value that affects whether a process is to be invoked or not. A control flow is
shown as a dotted line from a process producing a Boolean value to the process
being controlled. In Figure 16, process! sends a control flow to process2 to

decide whether process2 can take action or not.

3.2.4 OOA Models Integrity

In QOA, the Object Model describes real-world object classes and their relationships;
the Dynamic Model describes the sequences of the class states in its life cycle; and
the Functional Model uses Data Flow Diagrams to describe what data flow and is
processed within the system. These three models are used to address different aspects

of the modeled system.

Although iterative analysis is performed within object modeling, dynamic model-
ing, or functional modeling, inconsistencies and imbalances may still exist cross these

three models. After defining the three models in OOA, the analyst should iterate
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between the different stages to produce a consistent and complete analysis for the
00D activity.

3.3 Modeling OMT’s OOA

The three models of OMT’s OOA are modeled in succession nsing Metaview. To
simplify the modeling, an abstract entity called universal_entity and an abstract
relationship called universal relaticnship are defined as:

ENTITY_TYPE universal_entity GENRERIC
ATTRIBUTES (description: text);
RELATIONSHIP_TYPE universal_relationship GENERIC
ATTRIBUTES (description: text);

The Object Model

—— class

I derived_class
—— object

— derived_object
oo_attributes
oo_operation
—— derived_attribute
- derived_operation
rel_name

—— rel_attribute

universal_entity——

iSA_center
pantOf_center
ternary_center

—— qualifier
L control_center
L— comment

L— constraint

Figure 17: Entities in Object Model

Entities:
Figure 17 summarizes the OMT Qbject Model's entities modeled in Metaview. Fig-

ure 18 illustrates the entity notations except those entities modeled in the form of text,
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such as oo_attribute and co_operation. The oo_attribute and oo_operation are
the attributes and operations of a class or object. The derived.attribute and
derived_operation are used to express the derived attributes or operations of a
derived_class or derived_object. There are various types of relationship between
classes, objects, derived classes and derived objects. The name of a relationship is
modeled by the entity rel name. The rel_attribute is used to show the link at-
tribute (refer to Figure 9). OMT supports some special associations, such as qualified
association, ternary association, aggregation and inheritance. The entity qualifier
is created to show the qualified association. The entity control center and its
three subtyping entities, called ternary center, part0f center and isA.center,
are used to model the rest three special associations. Using control _center as the
super entity type is for increasing the OMT’s modeling efficiency. The comment and
constraint entity types are useful to express the label or constraint in Object Model

diagrams.

Defining entities in EDL is quite similar and therefore only the examples of defining

the class and attribute entities are presented:

ENTITY_TYPE
class GENERIC IS_A universal_entity,
oo_attribute GENERIC IS_A universal_entity;

Relationships:

To efficiently define OMT environment, the OMT Object Model’s relationships can
be categorized by three types: simple relationships, complex relationships
and indirect relationship. Figure 19 illustrates different relationship types within
Object Model. The simple relationships are those that can be modeled directly
and simply. A complex relationship comprises a relationship and a set of its sub-
typing relationships. For example, six multiplicity associations (many_to.many associate,
many_to_one_associate, etc) are subtyping relationships of associate. The rela-
tionship type associate and its subtyping relationships are modeled together as a
complex relationship. Some relationship types have semantic constraints and are
difficult to be modeled directly. They are replaced by the indirect relaticnships

which are modeled as simple or complex relationships.

o Simple Relationships
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name

class = ------mmmmmmo - » | attributes

operations

- name

/attributes

loperations

name

attributes

operations
e/

Crame )

name

fattributes

loperations

derived_object < ------------~ >

qualifier < ------------------ >

iSA_center <------======c-==-=- AN
partOf_center <----------=------ > <>
ternary_center <---------------- - <>

Figure 18: Some entity notations in Object Model
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entity_attribute
entity_operation
derived_relation

FTTT T

universal_relationship—

link
ternary_associate
simple inst
ance
relationship . .
— propagating_operation
— comment_relate
— linkAtr_relate
— linkAtr_ternary
L general_constrain
— many_to_many_associate
|~ many_to_one_associate
complex iat — many_to_optional_associate
associate —__ ;
relationship one_to_one'_assomate .
L one_to_optional_associate
— optional_to_optional_associate
quaiified qualifier_relate .
et alificd . qualified_many_to_many
qualified_associat qualified_many_to_one
Inherhance generalize _from
indirect E generalize_to
many_aggregate_from
relationship aggregate_frolW—-E one_aggregate_from

aggregation optional_aggregate_from
aggregate_to_many
aggregate_to—E aggregate_to_one

aggregate_to_optional

Figure 19: Relationship notation in Object Model
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The entity type class, derived.class, object, derived.object or rel-
-attribute all have their own attributes and operations. The relationship types
entity attribute and entity operation define these two relationship types,
respectively. As they are quite similar, only the relationship type entity-
-attributeis presented. The following definition for entity_attribute defines
the relationship between a class, derived.class, object, derived object
or rel.attribute, and an attribute. The entity rel_attribute is the link
attribute (refer to Figure 9) which depicts the attributes of an association or a

ternary association. The rel_attribute may have its own attribute.

RELATIONSHIP_TYPE
entity_attribute GENERIC IS_A universal_relationship
ROLES(entity_body, attribute_name)
PARTICIPANTS
(class|derived_class|object|
derived_object|rel_attribute, oo_attribute);

The relationship type derived_relation shows the relationship between a class
(or object) and a derived_class (or derived_object). linkis the relationship type
between different objects. The ternary_relate relationship type connects a
class entity and its ternary_center, which is the connecting node of three par-
ticipating classes. The relationship type instance expresses the relationship he-

tween a class and its object instance. OMT supports the propagation of opera-

H

tions (shown in Figure 11) through the relationship type propagating operation.

Some entity types need a constraint as a label to describe them. Figure 10 (a)
illustrates an example of the constraint balance >= 0 to the object account.
The relationship type comment. relate ensures an entity type comment as a la-
bel to attach to its specified entity. At first, it is considered to model comment
as the attribute of any specified entity. However, in current Metaview proto-
type, the display location of an attribute is defined by EDL and so the loca-
tion of attribute comment can not be adjusted. To avoid it, the comment is
defined as an entity in the OMT support environment to constrain the en-
tity types class, derived._class, object, derived. object, isA._center,
partOf_center, or ternary_center using the relatiouship type comment relate.

The linkAtr relate and linkAtr_ternary implements the relationships be-
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tween a rel_attribute and its association or ternary association, re-
spectively. Because a constraint, as shown in Figure 13(c), can exist between
different associations of two classes, the relationship type general _constraint
is used to express this case. These relationship types are modeled in EDL as
follows:
RELATIONSHIP_TYPE
derived_relation GENERIC IS_A universal_relationship
ROLES(classi, relation, class2)
PARTICIPANTS(class, rel_name, derived_class)
(object, rel_name, derived_object);
link GENERIC IS_A universal_relationship
ROLES(objectl, relation, object2)
PARTICIPANTS(object, rel_name, object);
ternary_association GENERIC IS_A universal_relationship
ROLES(class, ternary_struacture)
PARTICIPANTS(class, ternary_center);
instance generic is_a UNIVERSAL_RELATIONSHIP
ROLES(instant, relation, class)
PARTICIPANTS(object, rel_name, class);
propagating_operation GENERIC IS_A universal_relationship
ROLES(sender, operation_name, recipient)
PARTICIPANTS(class, oo_operation, class);
comment_relate GENERIC IS_A universal_relationship

ROLES(attaching, attached)

PARTICIPANTS (comment, classlobject|derived_class|
derived_object|isA_center|
partOf_center|ternary_center);

linkAtr_relate GENERIC IS_A universal_relationship

ROLES(attaching, attached)

PARTICIPANTS(rel_attribute, rel_name);

linkAtr_ternary GENERIC IS_A universal_relationship

ROLES(attaching, attached)

PARTICIPANTS(rel_attribute, ternary_center);

general_constraint GENERIC IS_A universal_relationship



ROLES(entity_from, constraint_name, entity_to)
PARTICIPANTS(class, constraint, class)
(rel_name, constraint, rel_name);

o Complex Relationships

associateis a relationship type between two classes. It has six! subtyping rela-
tionship types: many_to_many.associate, many_to_one.associate, many_to-
_optional.associate, one.to_ one.associate, one_to optional associate

and optional to_optional_associate.

RELATIONSHIP_TYPE

associate GENERIC IS_A universal_relationship
ROLES(classi, relation, class2)
PARTICIPANTS(class, rel_name, class)
ATTRIBUTES (rolel_name: string, role2_name: string);

many_to_many_associate IS_A associate;
many_to_one_associate IS_A associate;
many_to_optional_associate IS_A associate;
one_to_one_associate IS_A associate;
one_to_optional_associate IS_A associate;
optional_to_optional_associate IS_A associate;

o Indirect Relationships

There are three types of indirect relationships in the prototype of OMT’s
Object Model: the qualifier relate and qualified.association o model
qualified association between classes; the generalize from and generalize_to
to model the inheritance between classes; and aggregate fromand aggregate_to

to model the aggregation between classes.

1. Qualified association

'The order of choosing two classes determines different associations between classes although
the same relationship type is used. The relationship type many to.one_associate can mode!
both many_to_one.associate and one_tomany.associate. It is similar to the relationship types
many_to_optional associate and one_tooptional.associate. Therefore, oniy six relationship
types are defined in OMT support environment for nine associations in Rumbaugh’s OMT. The
relationship type associate is used to improve the OMT’s modeling efficiency.



As shown in Figure 6, the entity type qualifier sticks to the left class and is
linked to the right class. There exists two types of relationships. One is called
qualifier relate, which connects the qualifier and its adjacent class; the
other is called qualified associate, which connects qualifier and another
class by a link. qualified.associate has two subtyping relationship types
qualified many_tomany and qualified.many to_one to depict the multiplic-

ity role of the linked class. The relationships are modeled as:

RELATIONSHIP_TYPE
qualifier_relate GENERIC IS_A universal_relationship
ROLES(attaching, attached)
PARTICIPANTS(qualifier, class);

qualified_association GENERIC IS_A universal_relationship,
ROLES(attaching, relation, class)
PARTICIPANTS(qualifier, rel_name, class)
ATTRIBUTES (rolel_name: string, role2_name: string);
qualified_many_to_many IS_A associate;

qualified_many_to_one IS_A associate;

2, Inheritance

In OMT, inheritance hetween two classes is expressed by connecting both
classes to a common entity type isA_center (refer to Figure 12 (a) ). If the
association between any class to the isA_center is defined as inheritance,
it is difficult to distinguish the superclass and subclass. Therefore two indirect
relationships, the generalize from and generalize_to, are used to implement

the semantic relationship inheritance.

RELATIONSHIP_TYPE

generalize_from GENERIC IS_A universal_relationship,
ROLES(superclass, isA_structure)
PARTICIPANTS(class, isA_center)
ATTRIBUTES (rolel_name: string, role2_name: string);

generalize_to GENERIC IS_A universal_relationship,
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ROLES(isA_structure, subclass)
PARTICIPANTS(isA_center, class)
ATTRIBUTES (roleil_name: string, role2_name: string);

3. Aggregation

Similar to the inheritance relationship, the indirect relationship types aggregate
from and aggregate_to are used to distingnish the assembly class and its
components. In OMT’s Object Model, the aggregate from has three subtyp-
ing relationships: many.aggregate from, one_aggregate from and optional
_aggregate from. These three relationship types show the multiplicity role
of the superclass; the aggregate_to also has three subtyping relationships:
aggregate to many, aggregate_to_one and aggregate to_optional. T'hey

are modeled as follows:

RELATIONSHIP_TYPE
aggregate_from GENERIC IS_A universal_relationship
ROLES(class, partOf_structure)
PARTICIPANTS(class, partOf_center);

many_aggregate_from IS_A aggregate_from;
one_aggregate_from IS_A aggregate_from;

optional _aggregate_from IS_A aggregate_from;

aggregate_to GENERIC IS_A universal_relationship
ROLES(part0f_structure, component)
PARTICIPANTS (partOf_center, class);

aggregate_to_many IS_A aggregate_to;
aggregate_to_one IS_A aggregate_to;
aggregate_to_optional IS_A aggregate_to;

Aggregates:

The Object Model contains one aggregate objectmodel, which includes all the

entities and relationships defined in the Object Model.
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AGGREGATE_TYPE object_model
COMPONENTS (ALL) ;

The Dynamic Model

A Dynamic Model is used to analyze the state changes of an object. Figure 20
lists all the notation in the Dynamic Model except the entities modeled in the form of
text, such as a state activity or action. The first three notations in Figure 20 illustrate
different types of states the analyzed object has during its lifetime. The remaining
two notations show two types of transitions. send_event indicates how the currently
analyzed object sends an event to an external object. Only event name is shown on
the arrow of the send_event relationship type. control_flow exhibits how the object
state is changed from one state to another with an event sent out to stimulate the
destination state. The event name should be placed on the state transition arrow,
optionally followed by the event attribute, the condition of transition, and the event

action. Figure 14 illustrates how send_event and control flow works.
Graphical representations

Element

—— initial state < ~-----------------~- > @

P finalstate <= ~------------------- > @

. . state name
RN intermediate
Dynamic state R ity > activities
Model internal actions
L send_event B it > t':}{gx'l_t_p'z}{r_)_e_'b
control flow S =—--—=—-m-mo=2 = _event(atr)[condition)/action

Figure 20: Notation of Dynamic Model

Entities:

The entity state which is classified into initial_state, intermediate_state and

final_state are modeled in EDL as:



ENTITY_TYPE

state GENERIC IS_A universal_entity;
initial_state IS_A state;
intermediate_state IS_A state;
final_state IS_A state;

The entity type transitionname, which display event and the optional three
(event attribute, event condition and action), is created to model the control_flow.
The value of the entity type transitionname identifies the event, whereas the ceent
attribute, event condition and action are modeled as the attributes of transition name.
In Metaview, the entity type’s attributes are displayed on the sereen on condition that
they are assigned values. This makes it possible to disnlay the coent attribute, coent

condition and action optionally.

The state activities and internal actions are expressed by the entity types activity
and action, respectively. The entity types transition name, activity and action

are modeled as:

ENTITY_TYPE
transition_name GENERIC IS_A universal_entity
ATTRIBUTES (action_name: string, event_condition: string,
event_attribute: text);
activity GENERIC IS_A universal_entity;
action GENERIC IS_A universal_entity;

Relationships:
Relationship type contrel _flow represents how one state is transferred to another
one. Three control_flows exist: from an initial_state to an intermediate state,

and from an intermediate_state to an intermediate state or final_state.

send_event shows how a event is sent from an intermediate state of the analyzed
object to an external class. Because a intermediate state has activities and inter-
nal actions, two relationship types called state_activity and state_action were

created in the OMT support environment. The relationships are modeled as:

RELATIONSHIP_TYPE
control_flow GENERIC IS_A universal_relationship



ROLES (source, flow, destination)

PARTICIPANTS
(initial_state, transition_name, intermediate_state)
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(intermediate_state, transition_name, intermediate_state|final_state);

send_event GENERIC IS_A universal_relationship
ROLES (source, flow, destination)
% rel_name and class have been modeled in the Object Diagram
PARTICIPANTS (transition_name, rel_name, class);

state_activity GENERIC IS_A universal_relationship
ROLES(state, inActivity)
PARTICIPANTS (intermediate_state, activity);

state_action GENERIC IS_A universal_relationship
ROLES(state, inAction)
PARTICIPANTS (intermediate_state, action);

The relationship tyne control flow can also be used to create the state syn-
chronization of concurrent activities depicted in Figure 15. In the Metaview Graph-
ical Editor (MGED), the user can draw poly-line by choosing several anchor points.
Hence, the concurrency of multiple control flows can be drawn by providing shared

line part.

Aggregates:

The Dynamic Model's aggregate type state_model contains every element type in

the model. Because OMT supports nested state diagrams, the entity type intermediate

_state is modeled to link the aggregate type state_model to implement the nesting.

AGGREGATE_TYPE state_model
COMPONENTS (transition_name, activity, action, state, %ENTITIES
% reused from object_model
class, rel_name,
%relationships

control_flow, send_event,



state_activity, state_action);

ENTITY_TYPE intermediate_state IS_A state
BECOMES state_model;

The Functional Model

Figure 21 depicts the notation used in the Functional Model.

Element Graphical representations

. process anliatdtdtf ittt »

ame
F———— dataflow D R I A » ham

Functional Roolcan
Model controlflow < =----==-=-=--<<--<----=-=-- L AR >

— actor b it » actor

dataStore

— datastore < --T-T-o-TTS- oS- oo-- >

Figure 21: Notations of Functional Madel

Entities:

In the OMT’s Functional Model, a process is an entity type to transform data,
an actor is an entity type to produce and consume data, and a data_store is an
entity type to store data. The entity type data_object is created to express the data

in the OMT support environment. These concepts are modeled as follows:

ENTITY_TYPE

process GENERIC IS_A universal_entity;
data_store GENERIC IS_A universal_entity;
actor GENERIC IS_A universal_entity;
data_object GENERIC IS_A universal_entity;
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Relationships:

There are three types of flows in a Functional Model: a data_flow to show how a
data value is changed by a process or actor, a fcontrol flow to show how a process
can exhibit control over another process, and a oneValue_store to indicate that a

process only creates a single value and stores it in a data_store. These relationships

are modeled as:

RELATIONSHIP_TYPE

data_flow GENERIC IS_A universal_relationship
ROLES (source, flow, destination)
PARTICIPANTS (process, data_object, process|actor|data_store)

(actoridata_store, data_object, process);

fcontrol_flow GENERIC IS_A universal_relationship
ROLES (source, flow, destination)
PARTICIPANTS (process, data_object, process);

oneValue_store GENERIC IS_A universal_relationship

ROLES(source, flow, destination)
PARTICIPANTS (process, data_object, data_store);

Aggregates:

The functionmodel is an aggregate with components selected from all elements
in the Functional Model. Because OMT supports nested Data Flow Diagrams, the
process is modeled as a special entity type which can be exploded to the aggregate

functionmodel.

AGGREGATE_TYPE function_model
COMPONENTS (process, data_store, actor, data_object,

data_flow, fcontrol_flow, oneValue_store

)

ENTITY_TYPE process IS_A universal_entity
% process can be exploded into a function_model

BECOMES function_model;



3.4 Defining and Modeling the OOD

OMT does not prescribe a special model for Q0D, rather a process of elaborating
the OOA model. In this section, we present OOD modeling concentrating on how to
apply OMT’s O0OD guidelines to the prototyped OOA environment.

The System Design

A major goal of System Design is to create a system architecture in which the
system is decomposed into subsystems with the minimized coupling across subsystems
and the maximized cohesion within the subsystems. In Rumbangh’s QOOD, a system
is decomposed into subsystems using both vertical partitions and horizontal layers. A
subsystem, which consists of a group of classes, associations, events and constraints,

is designed to implement a special service through well-defined interface.

Figure 22 illustrates an example of an application system’s decomposition. The
system consists of four layers (computer hardware, operating system, a middle-ware
layer, and an application layer). Each layer makes nse of the services of lower-level
subsystems and provides he fundamental services to higher-level subsystems. The
second middle-ware layer subsystem is further decomposed into three vertical parti-
tions to provide three different services. In order to implement its services, the middle
partition again is decomposed into three layers of subsystems called window graphics,

screen graphics, and pizel graphics.

In OMT environment, a system can be decomposed via the Object Madel dia-
grams. Aggregations are used to implement the abstraction of different levels. That
is, a subsystem can be represented as an icon at a higher-level. The icon can be
exploded into another object diagram which depicts the subsystem in greater detail.
After decomposing a system, the analyst should revise the corresponding Data Flow

Diagrams to show explicitly the information flow between the different snubsystems,

The Object Design

Object design is the process of evolving the analysis models into a description of
class operations and their implementing algorithms. It may also result in the addition

of classes to improve the efficiency of the system. The objeet design has two major

1
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Figure 22: Decomposing system

ohjectives:

l.

Determine the Full Definitions of Classes and Associations

First, the signature of how to use an operation and the algorithm of how to
implement an operation must be designed. The designer obtains the class, its
attributes and its operations from the object model. Then, the designer combines
the three analysis models to get the implementation of operations for the object
model. This is done by converting the actions and activities of the Dynamic

Model and the processes of the Functional Model into operations.

In our OMT prototype, the designer can make use of the Object Model devel-
oped in the OOA modeling to achieve the Object Design. The text variable
deseription is assigned to each class, attribute and operation. In addition, we
assign cach class a text variable superclass to depict the class hierarchy and
assign each operation a text variable algorithm to depict the implementation of

the operation.

Optimizing the System

The designer optimizes the system by increasing the amount of inheritance,
which is implemented using abstract super classes to cover the behavicr common
to several classes. Shared attributes and operations are moved to abstract

superclasses.
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3.5 Results and Discussion of OMT Maodeling

Based on our modeling efforts for OMT in Metaview, we make the following assess-

ments:

1. Metaview Support O-O Methodology
Although there are some major differences between the Q-0 and structural
methods in both the notation and modeling strategy, Metaview has the capa-
bility to support much of what is required in the OMT environment. Almost

all the aspects of OMT method have been modeled in Metaview.

2. OMT is a Good Method With Strong OOA
OMT is a complex O-O method and has much in common with other popular
0-0 methods, such as Coad and Yourdon [CY91] and Shlacr-Mellor [SMY1].
Although its OOD is comparatively weak, OMT introduces a formal method to
do object modeling in the OOA. The various notation assure the capability to

describe the real-world clearly.

The further assessments about Metaview’s modeling capability are:
1. Metaview’s Strengths:

It is easy to generate an O-O environment using Metaview?, hecause Metaview
provides facilities to define an environment. In addition to the conceptnal and graph-
ical modeling support, Metaview also supports repository management and graphical
editing. The following Metaview’s capabilities are particularly helpful in defining an

0-0 support environment:

o Aggregation

Metaview’s aggregation is powerful in the sense that it is used to achieve three
goals. First, when defining an O-0 specification environment, every O-0 model
of the environment is constructed using aggregation, which consists of all the
entity and relationship types of that model. An entity within a model can also
have a strong link to another model by aggregating the entity to the linked

model. For example, each class in the Object Model may have a Dynamnic Model

2In chapter 5, statistical tables are given to compare the complexity and workload of defining
OMT environment and OOM environment in Metaview.
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to depict the dynamic behavior of the class. The strong link is created by
aggregating the entity type class to the aggregate type Dynamic Model. The
third goal of using aggregation is to produce the nested diagrams. For example,
in OMT, a rather complex intermediate state (say A) within the Dynamic Model
may be represented using a nested diagram to analyze A in detail. The nested
diagram should inherit all the inputs and outputs of A (e.g. the events and
actions), and consist of the entity and relationship types defined for the Dynamic
Model. When a nested diagram is created, all the related inputs and outputs

are antomatically included in the nested diagram by Metaview.

o Generalization
Generalization is widely used to increase the efficiency of OMT’s modeling. For
example, the relationship type many_to_many_associate is modeled as another
relationship type associate’s subtype using Metaview’s generalization. Many
definitions for many_to_many.associate, such as its attributes, roles and par-
ticipations, are inherited from the supertype associate.

o Constraints
Metaview has strong support for consistency and completeness checking. Dozens
of such constraints are defined for the conceptual and graphical modeling per-

spectives as illustrated in the Appendix.

2. Metaview’s Limitations

Metaview provides good facilities for modeling the conceptual aspects of an O-
O method; however, it is sometimes difficult to build a user-friendly interface for

developer. The following limitations exist:

o Length of the Text
The developer should not be limited in the length of text. In the current
Metaview prototype, if a developer creates very long text string, the text may
exceed the maximum length of the display field defined by environment definer
and only part of the text appears.

o Tert Fonts
Different font sizes and styles are necessary for a good CASE environment. At

present, Metaview only provides one font size and style.
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o The Scaling Function
The current Metaview prototype does not support a scaling function. When a
graphical icon is selected, it cannot be enlarged or reduced in size. This leads
to the problem of dynamically defining the size of an icon. For example, the
size of the class icon is difficult to define hecanse a class may have an arbitrary
number of attributes and operations drawn within the class box. To solve this
problem, in the OMT prototype, class attributes and operations are moved out

of the class box so that various attributes and operations can be expressed.
o The Grouping Function

Grouping is important for graphical editing. After grouping several graphical
representations together, it should be possible to move, copy, or delete the group
of graphical objects. It is necessary for Metaview to provide a gronping function

to enhance graphical editing and system decomposing,.



Chapter 4

0-0 Methods Review

Recently much work has been undertaken to compare popular object-oriented meth-
ods [dCF92, Goo92, YP93, HS91, Loy90]. However, on the basis of comparisons we
plan to propose an enhanced method and develop its prototype in a metasystem. The
following four methods and corresponding commercial CASE tools are reviewed for

this purpose.

1. Rumbaugh’s OMT and OMTool CASE tool

2. Booch’s method and Rational Rose CASE tool

3. The Fusion mecthod by Hewlett Packard

4. Shlacr-Mellor’s method and Teamwork’s OOA/0O0D CASE tool

There are some other popular methods, but their major strengths have generally
been subsumed in the above methods. For example, Coad and Yourdon’s OOA/OOD
method is very similar to OMT [Go092]; Class Responsibility Collaborator (CRC),
which is the major feature of Wirfs-Brock’s method [Goo92], has been included in
Fusion Method. Another reason of choosing these four methods is their popularity.
They are regarded as the representative methods and a number of commercial CASE
tools have been developed for them. The experience of running these CASE tools is

helpful in comparing the corresponding methods.

Because one of our objectives is to propose an enhanced O-O method, only the
strengths of each method are described in detail. During the review of these four

methods, the implementation phase and its transformation from OOD are omitted
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because the major focus of this thesis is on the object-oriented analysis and design

phases.

4.1 Rumbaugh’s OMT and OMTool

Chapter 3 provides many of the details of the OMT method; therefore, only a sum-

mary and critique is presented here.

OMTool was developed by the Advanced Concepts Center (ACC) of General Elec-
tric to support Rumbaugh’s OMT [Rum91]. The Object Model, Dynamic Model and
Functional Model are adopted in the analysis phase of OMT. These three mnodels
are used to depict the static aspects of objects and relationships, the lifetime state
transition of essential objects, and the computing and processing of the object data,
respectively. OMT’s OOD includes the System Design and Objeet Design phase. The
System Design aims at configuring the system architecture. A complicated system
is divided by vertical partitions and horizontal layers. The Object Design focuses
on the object implementation aspect with special emphasis on inheritance, which is
considered to increase the system efficiency. For each class, its external interface is
adjusted, and its internal data structures and algorithms are determined for cvery

operation defined in the analysis phase.

On the basis of modeling OMT in Metaview and comparing OMT with other

methods, it is observed that:

e Overall, OMT is an effective method to develop a wide range of application
systems. However, in the analysis phase, OMT lacks system partitioning to
handle a very large system. Using partitions and layers to divide classes in the

design phase is not enough [Gil94].

e The Object Model, Dynamic Model and Functional Model are very expressive;
however, the link between the Dynamic Model and Functional Model shonld be

strengthened.

e No formal design model and interaction description are provided in OMT.



4.2 Booch’s Method and Rational Rose

Rational Rose is the CASE tool developed by Rational Corporation for Booch’s
method. The summary of Booch’s method is based on our experience with using

Rational Rose and reviewing Booch’s most recent method description [Boo94].

4.2.1 Models in Booch’s Method

As shown in Figure 23 [Boo94], Booch uses two dimensions, logical/physical views
and static/dynamic views, to capture the structure and behavior of a system during
object-oriented analysis and design. The logical view is used to describe the problem
domain, while physical view describes the concrete software and hardware composi-
tion that is to be implemented. A number of diagrams are denoted for each view
model. For the static model, the Class Diagrams are used in analysis phase, and the
Module Diagrams and Process Diagrams are used in design phase. Object Diagrams
are used for hoth analysis and logical design. To express the dynamic behavior, the

Stale Transition Diagrams and Interaction Diagrams are introduced.
Dynamic Model

Static Model

Class Diagrams
Logical Model Object Diagrams

Module Diagrams
Physical Model Process Diagrams State Transition Diagrams
Object Diagrams Interaction Diagrams

Figure 23: Booch’s Method

1. Class Diagrams

The graphical notation for a Class Diagram is simple and can be regarded as
a subset of the notation in OMT’s QObject Model. An exception to this is that
class categories are used to partition the logical model of a system in a Class

Diagram. Each class icon identifies the category to which it belongs. This helps
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to analyze a complex system. In addition, textual specitications for the (lass

Diagrams include:

Responsibilities: text

Attributes : list of attributes
Operations : list of operations
Constraints : list of constrains

State machine : reference to state machine

Export control : public | implementation

The state machine variable refers to the state machine model, which depicts
the state transformation of the class. Erport control defines whether a class is a
public class, which is visible to other classes, or a implementation class, which
is invisible.

For each operation within a class, the important specifications are:

Return class : refer to class

Arguments : list of formal arguments

Export control : public | protected | private | implementation
Preconditions : text

Semantics : text

Postconditions : text

Exceptions : list of exceptions

Ezport control uses such concepts as public, protected, private, and implemen-
tation access to claim whether the accessibility of an operation is a public,
protected, private, or not available from outside. Preconditions and posteondi-
tions are used to describe the operation. The entry of Freeptions lists all the

exceptions that might happen.

State Transition Diagrams

A State Transition Diagram depicts the possible state transitions of an object
in its lifetime. It is very similar to OMT’s State Diagramn except that it is less
complex. For example, OMT supports concurrency in the Stale Diagram while

Booch’s Method does not.

Object Diagrams
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6.

Objects in the Object Diagrams are actually object instances. The diagrams
describe two aspects: the objects and relationships, and the second phase, the
collaboration hetween different objects, which includes the objects’ visibility to
other objects, the communication between objects, and the time constraints

(called time budgets) for determining when to invoke a message.

. Iuteraction Diagrams

Interaction Diagrams are used to trace the execution of scenarios. In the dia-

grams, the message passing is extracted from the Object Dic jrams.
Module Diagrams

They are used to indicate the physical layering and partitioning of a system.
Generally, each module corresponds to a physical file. Modules are connected by
arrows to express the dependency. Figure 24 illustrates an example: if module
B provides a compiling dependency for module A (e.g. module B is a .h file
defining classes used in module A), then module A has an arrow directing to
module B. The arrow connection between two subsystems shows their dependent

relationship.

Module A

l

Module B
(.h file)

Figure 24: An example of Module Diagram

Process Diagrams

A Process Diagramshows the allocation of processes to processors in the physical
design of a system. It is quite similar to the step of allocating subsystems and
tasks to processors in OMT’s System Design. Booch gives heuristic rules to

achieve this.
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4.2.2 Summary and Critique

In Booch’s method, OOA and OOD are not distinguished clearly, and OOA is rather
weakly supported. Its OOD is well supported with the aid of Objeet Diagrams,
Interaction Diagrams and Module Diagrams. As mentioned in Chapter 3, OMT does
not have formal models for QOD, and a formal transformation from QOA to QOO
is not presented. Booch’s Method may address OMT's weaknesses in this regard,

Finally, the textual documentation in Booch’s Method is helpful for OOA and OO,

4.3 Fusion Method

The Fusion Method [Col93] is a new object-oriented method developed hy Derek
Coleman ct al from Hewlett Packard. This method is influenced by several methods
including Rumbaugh et al’s OMT, Booch’s Method, ('lass Responsibility Collaborator
(CRC), and Formal Methods [Pre92] which nse a mathematically hased specification
involving precondition and postcondition statements, to deseribe the models and
avoid ambiguity. Table 4.1 Lists all the methods affecting the Fusion Method. The
Fusion Method is mainly influenced by OMT in the analysis phase, and Booch’s

Method in the design phase.

4.3.1 OOA

OOA Models

Figure 25 presents the structure of Fusion’s QOA. The problem domain is de-
scribed by a System Object Model and a System Interface Model, hoth using a data
dictionary as a central repository. The System Interface Model is further divided into

two models, the Operation Modcl and Life-Clyele Model,

Among the OOA models, the System Object Model supports the analysis of the
objects and relationships within the system boundary. Life-Cycle Maodel is used to
describe scenarios of how the system state changes during its life-cycle (from the
creation to death). A system and its outside agents (such as users or physical devices)
communicate through input and output events. A systemn operation is defined as an

event and its result. When an input event oceurs, a system operation can canse a



FUSION DERIVING METHODS
Ohject Mode! OMT’s Object Model
0
o Operation Model OMT’s Functional Model and Formal methods’
pre-condition and post-condition specification
Life-cycle Model Jackson System Design
Ohject Interaction Graphs Class Responsibility Collaborator (CRC)
Visibility Graphs Booch’s Object Diagrams
Class Description Booch's Class Diagrams
Inheritance Graphs OMT’s Object Model
Table 4.1: Relationshin Between Fusion and Other O-O Methods
System
. Data Dictionary
objects ———
system boundary
relationships
invariants

Interface Model

.................................................................................................................

Lite-Cycle Model

events

Operation Model

system operations

System Interface

Figure 25: Fusion’s OOA



system state change, which may in turn cause an event with its notification sent to
outside agents. This idea is quite similar to OMT's Dynamic Model. However, the
Life-Cycle Modcl is limited to the system level, and does not apply to the object level
as does the Dynamic Model.

The Operation Model captures the details of all the system operations traving heen
analyzed in the System Object Model and Life-Cycle Model. An Opevaticn Model con-
sists of precondition clauses (called Assumes), postcondition clanses (called Results),

and other clauses for recording what an operation does.

Both the Life-Cycle Model and Operation Model are processed as textual doen-
ment. A graphical model, such as OMT’s Dynamic Model and Functional Model, is
not proposed for these cspects. This weakens the capability for deseribing how system

states and class states change in the Fusion Method.

O0A Model Integrity

As s.1own in Figure 25, close relationships exist between the System Object Model
and System Interface Models. In a System Object Model, objects, relationships, at-
tributes, and constraints such as invariants (assertions on class attributes), are used to
analy:e the Operation Model. The boundary of the System Object Model determines
the scope of Life-Cycle Model.

Consistency and Completeness Checking in OOA

A remarkable advantage of the Fusion Method is its provision for formal consis-
tency and completeness checking. In Fusion’s QOA, three steps, completeness, simple

consistency, and semantic consistency checking, are carried out,

1. Completeness against the requirement

Iterate the Analysis Models until it can be assured that Life-Cyele Model covers
all the possible scenarios, the Opreration Model covers all the system operations,
and the System Object Model captures all the static information from the prob-

lem domain.

2. Sitmple Consistency

(a) Because Life-Cycle Model describes the system state changes caused by

i |

~1



external events, the boundary of the System Object Model should be con-
sistent with the Life-Cycle Modcl.

(h) The Life-Cycle Modcl assists in the construction of the Operation Model.
All the system operations captured in the Life-Cycle Model should be in-
cluded in the Operation Model. The objects, relationships and their invari-
anls depicted in the System Object Model also help to build the Operation
Maodcl.

(¢) The Data Dictionary stores all the identifiers in the analysis models.
3. Semantic Consistency

(a) There is a relationship between the Life-Cycle Model and the Operation
Model. The output events of Life-Cycle Model should correspond one to

one with the results of the system operations depicted in Operation Model.

(b) Classes, their attributes and relationships in the System Object Model
should be reflected in the Operation Model. In addition, invariants in
the System Object Model must be logically consistent with the operation

precondition and postcondition in the Operation Model.

4. As a final step, the developer is recommended to choose several example sce-

narios as a mechanism for checking semantic consistency.

4.3.2 00D

There are four models in Fusion Method’s OOD: the Object Interaction Graph, Vis-
ibility Graph, Class Description, and Inheritance Graph. Because the first two are

very useful for our enhanced method, they are described in detail.

Object Interaction Graphs

Object Interaction Graphs are used to develop system operations described in the
Operation Model. Each system operation should correspond to an Object Interac-
tion Graph, which describes how a system operation is implemented through object

interactions and message passing.
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Figure 26 shows the graphical representations of an object instance and a collection
of objects. An object instance is expressed by a solid box containing the object name.
A collection of objects is expressed by a dashed box containing its collection name,
Following an object or collection name, a class name is given to identify in which

class the abject or collection belongs.
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object instance collection of objects

Figure 26: Object instance and collection

In an Object Interaction Graph, a message sender is related to its receiver hy
drawing an arrow directed to the receiver. The name, parameters, and retnrn values
of a message are attached as labels on the arrow. The parameters and return values
are optional. The graph indicates that when a receiver accepts a message from a
sender, it invokes the corresponding method defined in its interface. Tn the Fusion
Method, if a message is sent to a collection, it means all the object instances of this
collcction receive this message. It may be the case that a message shonld he passed to
only a subset of collection. If this is the case, a constraint condition is placed helow
the arrow to show this subset constraint. Figure 27 gives an example: objecl ! sends
message] to part of the collection of objects in collection !, subject to the constraint

of [subsel constraint condition].

Message sequencing is necessary when a sender sends several messages to the re-
ceiver. In this case, the order of the messages is specified using sequence number
placed over the message. For example, in Figure 27, object! sends messagel o col-
lection! after it receives messagel. Message? is sent, when colleelion] excentes a
corresponding method in response to messagel. As a resnlt of recciving message?
from collectionl, object] invokes another message named messaged and sends it Lo
collection!. This sequence can be determined unambiguously based on the sequence

numbers (1, 1.1, 2).



(1)
messagel (parameters) :return_value (-----~---~--~< '
iect]: - ionl: '
ohject: Class [subset constraint condition] :collecuonl.Class:
messagel () ' '
—_—
(1.1) | :
message2 () :return_value ! '
' '
! '

(2)
message3 () |

Figure 27: Message sequencing

Visibility Graphs

Clients and servers are depicted in Visibility Graphs. A client has a reference (or
access) to its server. Visibility Graphs illustrate the reference (visibility) structure
of classes in the system. They show how the communications depicted in Object
Interaction Graphs ave carried out. In Object Interaction Graphs, all objects are
assumed to be mutually visible. However, a server object is considered as an exclusive
ohject and can only be accessed by its client(s). The visibility of objects are described

using the following characteristics:

o Reference Lifetime
When a client needs a shared server throughout its lifetime, a solid arrow is
drawn from client to server, otherwise, a dashed arrow is drawn to express that
server is only effective for a period. In Figure 28 server2is defined as a dynamic
server to the c'ient class, while server! is defined as a permanent server.

o Server Visibility
If a server is exclusively used by a client, a double-line border is used to express
this characteristic of the server object (e.g. serverd in Figure 28).

e Server Binding
A server can be exclusively used by a client class during the client’s lifetime.
If such a client is deleted, its bound server is useless and should be deleted
also. This property is called server binding. In order to show this kind of close
coupling, a server box is moved into the boundary of client box. Figure 29

shows the server binding between client Person and its server object child.

e Reference Mutability
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Figure 28: Visibility

Reference mutability indicates whether a server can be changed. If it can not,
the key word constant should be put hefore the object name, otherwise, the key
word variable can optionally be used. In Figure 29, the value of the server objeet,
child can not be changed in its lifetime, and thus its mutability is declared to
be constant. Visibility Graphs also show dynamic reference. For example, in
Figure 29, client class Person has a server object myJob. ‘This server object
is denoted with the prefix new before myJob:Job. This defines mydob as a

dynamically created instance of the class Job.

Person

new
mylob: Job

constant child:

—» | Person

Figure 29: Server binding and reference mutability

The Fusion method has formal consistency checking. Visibilily Graphs are derived
form Object Interaction Graphs, and the mapping from latter to former is checked for

consistency. Any communications in Object Interaction Graphs should be mapped



into a visibility reference in Visibility Graphs. In particular, a sender object in the

Object Interaction Graph must be transformed to a sender class in a Visibility Graph.

Class Descriptions

(lass Deseriptions store all the information about classes, including class inher-
itance, attribute, and method. The Class Description is quite similar to the teztual
specification in Booch’s Class Diagram. The class inheritance determines whether a
class has a superclass, while class attributes and methods form the class interface.
In the Fusion Method, each class attribute has its own characteristics including mu-
tability, sharing, and binding. Mutability determines whether a class attribute is a
constant or variable, while sharing indicates whether it is a shared or ezclusive class
attribute, and bhinding determines whether a class attribute is bound into a class or

not. Class methods contain the operation descriptions (or algorithms) within a class.

Methods are derived from the communicating messages in Object Interaction
Graphs, while class attributes are derived from the relationships in the System Object

Model. The class inheritance information can be acquired from Inheritance Graphs.

Inheritance Graph

The fourth component in O0D, the Inheritance Graph, uses the same notation as
that in OMT’s Object Model to declare all inheritances. The inheritance relationships
in the System Object Model and the abstract classes in Object Interaction Graphs and

Visibility Graphs are used to build class inheritance.

4.3.3 Summary and Critique

There are two major contributions among the features of the Fusion Method: the
formal design models and the smooth transition from OOA to OOD. Figure 30 [Col93]
outlines how the Fusion Method is used in the software development. Regardins
requirements as input, the analyst processes the System Object Model and Interface
Model. The System Object Model defines the system boundaries, while the Interface
Model is composed of the Operation Model and Life-Cycle Model, which depict the
system operations and how these operations change the system states in the life-

cycle. In the Life-Cycle Model, the Fusion Method combines OMT’s strategy of
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finding system operations in the Functional Model and a formal method’s approach

to get precondition and postcondition statements.

Among the four OOD components of the Fusion Method, Object Interaction
(iraphs and Inheritance Graphs are used to describe the communication of the objects
and how to improve the efficiency of the communication. Visibility Graphs and Class
Deseriplions are concerned more with the transformation from OOD to implementa-
tion. The Visibility Graphs depict the internal states and external interfaces of classes
and objects. More detail about the attributes, methods, and inheritances is put into

the textual presentation in the Class Descriptions.

Although Fusion Method is a rather complete method, the capability of subsystem
partition should be strengthened. In addition, in the Fusion Method’s OOA phase,
concern is on the system operations, while in OMT’s OOA, focus is on both system
operations (in the Functional Model) and object operations (in the Dynamic Model).
It is necessary to do system analysis before entering QOD phase; however, the dis-
regard of the operations on the object level may bring future problems in the OOD
phase for the Fusion Method. The Fusion Method neglects a Dynamic Model because
of the high complexity of the machine finite state diagrams. But if the analyst does

not do any object-level analysis, the work in QOD phase wiii be much more complex.

4.4 Shlaer-Mellor’s Method and Teamwork

Shlacr-Mellor’s method has some important aspects that support the development of
large system. This method is summarized in following subsections based primarily
on the work described in [SM91, SM93] and the commercial CASE tool Teamwork

[Inc93a, Inc3hb],

4.4.1 OOA

Figure 31 illustrates how QOA is processed in Shlaer-Mellor’s method. The concept
of domain is used to group objects of a large software system by subject areas. The
Domain Chart depicts how objects in a system are divided into four layers (called
domains) according to subject matter and service type. The four domains, from the

high level to the low level, are:
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Figure 31: Shlaer-Mellor’s QOA

o Application Domain: deals with application aspeets (e.g., banking operations).

There is usually only one application domain.

o Service Domain: provides generic services for application domain (e.g., user

interface).

o Architecture Domain: provides operations that manage the data, and control

the system as a whole (e.g., pipes-and-filters architecture).

o Implementation Domain: provides the basic operations (e.g., operating system

and programming language level facilities).

Although a complex system is split into several levels in the Domain Chart, a com-

plex domain can be further partitioned into various subsystems. The relationships

between different subsystems are captured by the Subsystem Relationship Model. "The

dynamic aspects of the subsystems should also be depicted. Assume a subsystem (say

X) has an action (say A) which needs to access the data of another subsystem (say

Y). This is typically accomplished by passing a message from X to the subsystem

Y. If the data access in Y is executed when the action A has not finished, it is said

that a synchronous communication happens. The Subsystern Access Model provides



the synchronous communication between different subsystems. Asynchronous com-
munication, which is message passing without synchronization between subsystems,

is depicted by another model called Subsystem Communication Model.

After completing the partitioning of a system into domains and subsystems, each
subsystem of Application Domains and top-level Service Domains is further analyzed
hy using three major models (/nformation Model, State Model and Process Model)
and two subsidiary models (Object Communication Model and Object Access Model).
The objects and relationships in a subsystem are captured by a Information Model.
The State Model uses the State Transition Diagrams to analyze the life-cycle of every
object which has dynamic behavior within the /nformation Model. The Process Model
uses Action Data Flow Diagrams to expose the details of actions in every state of the
State Model. These actions are broken down into a number of fundamental processes.
Shlaer-Mellor’s Process Model is different from OMT’s Functional Model. The Process
Model captures the actions within each state of a state model, while OMT’s Functional
Model represents the actions among the system. Therefore, Data Flow Diagrams

within the Process Model are more locally limited in scope.

Synchronous and asynchronous event communications between objects, like those
hetween subsystems, are also depicted by two models: the Object Communication

Model and Object Access Model respectively.

0OO0A Model Integrity

Figure 31 also shows the relationships existing between different analysis models:

. Domain Chart provides the complex domain to be partitioned by subsystem

models.

2. The subsystem relationships and boundaries depicted in the Subsystem Rela-
tionship Model help the analyst find all the objects and relationships within a

subsystem and then build the Information Modcl.

3. The life-cycle states for each active object in the Information Model are depicted
in the State Model, and the actions in the State Model are partitioned into
fundamental processes in the Process Model. The data processed in the process
model is defined in the Information Model. The processes can generate events

which also appear on the State Model.
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4. The events between different states within a State Model help to define the
asynchronous and synchronous communications, which are used to build the

Object Commaunication Model and Object Access Model, vrespectively.

5. The Subsystem Access Model illustrates the synchronous commmnnication he-
tween subsystems and the Subsystem Communication Model depicts the asyn-
chronous communication between suhsystems. The Object Communication Model
and the Subsystem Communication Model are respectively related to the Objeet

Access Model and the Subsystem Access Model in a similar manner.

4.4.2 00D

The OOD phase achieves two tasks: the design of the system into a nniform archi-

tecture and the transformation of the QOA models into design models,

The design architecture is shown in Figure 32. The design of a system is composed
of a main program, four architecture classes (called Transaction, Finile State Model,
Active Instance, and Timer) and a number of Application classes. The main program
is used to initialize classes and operations, trigger the activity of initialized classes by
generating the external events of the system, and control the activity of some object,
instances by calling Timer. The Timer is used to generate an event at sometime in
the future, such as delete a specified instance. The other three architecture elasses
are used to implement state machine mechanism. Each instance of the Transition
Class is derived from a transition depicted in a Stale Model, while a Finile Stale
Model assembles all the transitions of a State Model. An Aclive Instance Class is an

abstract class to provide shared state to the subclasses called Application Classes.

A state machine must be included as a front-end for cach application class. As
shown in Figure 33, when an application class receives an event, it invokes the Active
Instance class by passing notification of the event. The latter in turn invokes Finite
State Model to implement the event by affecting the appropriate state transition.
Because a Finite State Model is the assembly of all transition instances of an object,

it requires a corresponding Transition class to execute the transition.

The application classes correspond to the classes in the Application Domain and

the top-level Service Domain. After the construction of design architecture, applica-
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tion classes are designed by transferring QOOA models into four design components:

o Dependency Diagram: It depicts the dependency relationships (client/server or
friend) between classes. If a class (say A) accesses the data or operations of

another class (say B), class A is said to be the friend of class B.

o [nheritance Diagram: It depicts the inheritance relationship between classes,
The inheritances between application classes and between the Active Instanee
Class and application classes are captured. In addition, if an application class
needs to share data or operations from a class in a Serviee Domain, an inheri-

tance relationship is also huilt.
e Class Diagram: It provides the class interface (or external view).

e Class Structure Chart: 1t provides the class implementation (or internal strue-
ture), while taking into the consideration of the operating system and imple-

mentation language.

In Shlaer-Mellor’s OOD, bridges are built across domains to make the operations
of classes in higher-level domains carried out by classes in lower-level domains. For
example, the classes in a Application Domain can make use of the serviees provided
by the classes in the Serviece Domains. This results high rense of the classes in the

lower-level domains.

4.4.3 Summary and Critique

By providing domain analysis, the Shlacr-Mellor’s method is comparatively casy to
process a complex system. The domain partitioning and bridging help to baild
the highly reusable classes in the low-level denains. The transition from the Stale
Model to Process "fodel is very straightforward. In Shlacr-Mellor’s OOD, the OOA
models can be smoothly transformed into QOO models. The aniform architecture
design helps generate design products ecasily. A major disadvantage is that Shlaer-
Mellor’s method depends heavily on relational database theory. The extended Fatity-
Relationship model, that is used in the Information Model, is a flat model withont,

the aggregation relationship.
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4.5 Conclusion

OMT and Shlaer-Mellor methods ave strong in the OOA phase and support
the development of large systems. The domain analysis and bridging in Shlaer-

Mellor’s method provides a particnlarly straightforward approach.

Rooch’s method is strong in QOD. The textual documents are forinal yet very
nseful as a bridge to the implementation phase. However, Booch’s OOA phase
is weak. This method is hetter suited for the development of small to medium

size systems in which an extensive analysis phase is not required.

The Fusion Method is a rather complete method to build OOA models, and
transfer OOA models to OOD models. However, the OOA phase is not strong

enough to support large and complex systems.
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Chapter 5

Enhanced Method—OOM and Its
Modeling

Based on the experience of modeling OMT in chapter 3 and the comparisons of
representative 0-O methods in chapier 4, an enhanced O-O method called Object-
Oriented Modeling (OOM) Method is proposed, defined and prototyped. This method
provides a number of complete and consistent QOA and OOD models. The constraints
across various models are provided to ensure a smooth transition from OOA to OOD.
In addition, OOM is created conscious of the size of the system to he developed.
Specifically, some of the OOM models are provided for very large systems development,
and can be omitted for developing small application systems.  This makes OOM
both flexible and general when compared to the current popular O-O methods. The
defining of the OOM support environment shows that Metaview’s modeling capability,

especially the capability of defining across-maodel constraints, is very powerful.

Section 5.1 introduces the OOM Method. Section 5.2 and 5.3 present how the
0O0A and OOD are defined, respectively. Section 5.4 illustrates how the completeness
and consistency constraints are defined in Metaview to support the transformations
from OOA to OOD. The chapter concludes with the summary of our experience in

using Metaview to define this method.
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5'1

As shown in Figure 34, there are three phases in OOM: analysis, design and imple-

mentation. Since implementation is not a major concern in this thesis, our primary

OOM Method

concentration is to build varions models in the analysis and design phases.

].___

- - domains -
ol { Domain Analysis Modesystem Analysis Model
E J subsystems
. o operations
n subsystems evenls/actions
a abje’rti:
' operations
1 ———] Ohject Analysis Model State Model _
] ¥ E objects events/actions
s . operations
L relationships | events/actions
1 subsystems
’ ' | Process Model 1%~ operations b
R &= >E relationships == 3 i
t
Clecmaademeeaaa oo S T L.
q ! fons
N ! ()Zgra’mm.s data flow subsystems
' objects control flow S D
i : M % l fM’L”.’E’..( ol
t —
1 = >

e E [thect Communication Madel |-——-'| Subsystem Communication Model ] :

m| p cohesion i
e ° E encapsulation encapsulation o
n ] : n

]
L I [ Object Visit ility Model | [ subsystem Visibiiity Model _| r
s g v
1
n R
E visibility messages messages visibility
| l subsystems -

—K ! ——-{Thjcct Design Model L‘_—_-_—:T‘I Subsystem Design Model J‘—- —A-
| v objects ' ' : 1
X o objects objects | ' subsystems X
. ) relationships visibility ! subsystems ) relationships

1 Rl TN |
o messcges | iy |
I ' inheritance ! inheritance 1 |
! ' : ! |
Rl it ST t----- --- I
[ ' - ! -t

> . domains___________ o Code |kecoomomo- ' =

Implementation

Figure 34: OOM architecture



5.1.1 OOA Models

The analysis phase is divided into two steps: the system-level analysis which includes
the Domain Analysis Model and Subsystem Analysis Model, and the subsystem-level

analysis which includes the Object Analysis Model, State Model and Process Maodel.

A large and complex application system is typically composed of a hnge number
(greater than 100) of objects and relationships which make the system development
difficult. The system-level models are provided to analyze and partition a large system
into manageable pieces. After that, the subsystem-level analysis is undertaken for
each subsystem depicted within the Subsystem Analysis Model. The OOA madels are

imtroduced as follows:

Domain Analysis Model

A large application system is first analyzed using Domain Analysis, which divides
the application system into two kinds of subject domains: the Application Domain
and Service Domain. The Application Domain is the major layer to deal with applica-
tion functions, whereas the Serviee Domain provides generic services for application
domain, such as user interface or file system management. The client/server rela-
tionships between different domains are expressed explicitly in the Domain Analysis

Model.

The domain partitioning makes it possible for the analysis and design of different
domains to be carried out in parallel. In addition, the reusability of subsystems and
objects in the Service Domain is increased becanse the generie services can be used

in other application systems.

Subsystem Analysis Model

A complex domain is partitioned into subsystems. The Subsystem Analysis Model
is used to describe the subsystems and their relationships within a domain.
Object Analysis Model

An Object Analysis Model is used to analyze the objects and their relationships

in a subsystem. This model is based directly on OMT’s Object Model; however, some
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textual specifications are adopted to each class and object:

Responsibilities: text
Constraints : list of constraints

Description : text

The Constraints restrict the value range of a class attribute or object attribute.
For example, the object attribute birth-year could be restricted to be between the
year 1850 and current year. Some textunal specifications are provided to assist in

describing an operation:

Arguments : list of formal arguments

Export control : public | protected | private | implementation
Preconditions : text

Semantics T text

Postconditions : text

The arguments represent the list of formal arguments. The export control defines the
accessibility of an operation. And the semantics part is used to depict the operation

and exceptions that may apply.

State Model

An active object depicted in the Object Analysis Model (or an active subsystem
depicted in the Subsystem Analysis Model) may carry out a number of object (or sub-
system) operations which result in the state transformation. The State Model 1s used
to show for each active object or subsystem its possible state sequences throughout
its lifetime and the actions that are performed. This model is derived from OMT’s
Dynamic Model. A Stale Model is constructed not only for each object within the

Dbject Model, but for cach subsystem.

Process Mode}

An action of a state depicted in the State Model can be analyzed by Process Model
claboration to show the fundamental processes for a particuiar action identified in
the State Model. This makes the Process Model and State Model closely connected.
Most of the textual specifications for a class operation are adopted for a process

specification:
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Arguments : list of formal arguments
Preconditions : text
Semantics . text

Postconditions : text

The Advantages of OOM’s OOA Models

Two system-level O0OA models are the improved models from the Shlaer-Mellor's

Domain Chart and Subsystem Relationship Model. The improvements are:

e Similar to the Shlaer-Mellor’s Domain Chart, the Domain Analysis Model de-
picts the client/server relation and the services provided by the Server Domain.
In addition, the bridges hetween different domains are explicitly expressed in

the Domain Analysis Modcl, which are not available in the Domain Chart.

e Although the objective of the Subsystem Analysis Model is horrowed from the
Shlaer-Mellor’s Subsystem Relationship Model, the modeling strategy is derived
from OMT’s Object Model. As a result, the expressive capability is stronger
than that of the Shlaer-Mellor’s Subsystem Relationship Model,

The Object Analysis Model focuses on capturing the objects and their relationships
in the application system. It reflects the static facet of the application system. The
State Modcl and Process Model are used to capture the dynamic facet. These three
models are mainly derived from OMT’s analysis models: Object Model, Dynamic
Model and Functional Model, respectively. However, some improvements have heen

made:

o The State Model can capture both the system operation’s and object operation’s
life-cycle while OMT’s Dynamic Modelonly captures the object operation’s life-
cycle.

o The Process Model can capture both system operations and object, operations,
whereas OMT’s Functional Modcl only captures the system operations.

o OMT’s Dynamic Modcl depicts the life-cycle of object operations while its Fun
tional Model depicts the system function. The transformation between these two
models is not as well defined as that from the OOM’s State Model 1o its corre-
spouding Process Model. In the OOM Method, a Process Model is created for

the actions of the states within the State Model.



o Textual documentation is provided in OOM’s OOA models. For instance, the
entity attributes preconditions and postconditions are used to describe the

functions depicted in the Process Model.

5.1.2 00D Maodels

Those 0-O methods that are strong in design phase (e.g., Booch’s Method and Fu-
sion Method) provide object design models to depict the visibility, inheritance and
communications hetween ohjects. However, no such description was provided on the
system level. This creates problems when very large application systems are devel-
oped. In addition to the object design models, the OOM Method also provides the
system-level design models, which are processed earlier than the object design for a

large application system.

Similar to the Fusion Method, the OOM object design includes the Object Com-
munication Model, Object Visibility Model, and Object Design Model. Because a
subsystem can he regarded as a highly abstract object, the visibility, communica-
tions and inheritance hetween subsystems are explored in a similar way as between
objects. Therefore, the system-level design includes the Subsystem Communication
Model, Subsystein Visibility Model and Subsystein Design Model. The OOM’s OOD

models are presented as follows:

¢ Object Communication Model and Subsystem Communication Model

The Object Communication Model and Subsystemn Communication Model are
used to deseribe the interactions between different classes and between different
subsystems, respectively. The communications show how different objects or
subsystems collabocate. The object operations and their relationships depicted
in the Object Analysis Model, and the date flow and control flow depicted in
the Process Model, are used to help create the Object Communication Model.
Similarly, the Subsystem Analysis Modcl and Process Model are used to help

construct the Subsystem Communication Model.

The Object/Subsystem Communication Model expresses the dynamic interac-

tions (i.e., the message passing) among two or more objects/subsystems.

o Object Visibility Model and Subsystem Visibility Model
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In an implemented system. a number of server objects provide functions to their
clients exclusively . In these cases, the server (or utility) objects are hidden from
the other objects. The Object Visibility Modelis created to describe the visibility
of objects. Similarly, the Subsystem Visibility Model is constructed to deseribe

the visibility of subsystems.

In the process of building Visibility Models, the subsystems and ohjects de-
picted in the Service Domain are considered to provide services to the subsys-
tems/objects depicted in the Application Domain. Therefore, the Application
Domains and Service Domains are connected hy the construction of the Visi-

bility Models.
Object Design Model and Subsystem Design Model

The Analysis Model, Visibility Model and Communication Model are particn-
larly useful to create a Design Model. The communication information helps
to define the algorithm details of class operations.  The visibility informa-
tion, which depicts the relationships and visibility of client classes/subsystems
and their servers, helps when considering the encapsulation of the invisible
classes /subsystems. The inheritance is considered after the two Design Models
are created on the basis of the Analysis Models, Communication Models, and
Visibility Models. Classes having similai properties are reorganized using inher-
itance and abstract classes. The variable inherited from is assigned to ecach
class or subsystem.

Based on the Object Analysiz Model, Object Communication Model and Object
Visibility Model, and considering the inheritance among objects, the Object
Design Model is built to provide a complete and detailed object design. Thns,
all the objects (including abstract superclass and service objects) and their
relationships, as well as the implementation algorithins of cach class operation,
are captured in the Object Design Model.

Similarly, the Subsystem Analysis Model, Subsystem Comnunicatior Model and
Subsystem Visibility Model, as well as the inheritance of the subsystems (ad-
though it is sefdom considered), are used to construct the Subsystem Design

Model.

In conc'usion. the static structure and dynamic behavior, as well as the col-
b b

7



laboration and implementation strategies are captured in the Object Design
Model and Subsystem Design Model, aiming to optimize design and to provide

a well-defined transformation from OOD to implementation phase.

5.1.3 Implementation Phase

An information system is typically configured as various files in the implementation
phase, with each file corresponding to a subsystem. The Subsystem Design Model is
used to configure the information system, and the Object Design Model is needed tc

help produce files.

As illustrated in Figure 34, hoth the data repository and the new requirements
from users are used throughout the development of the information system. The user
requirements provide the feedback from user to system developer and thereby help to
ensure the correctness of the system. The data repository stores all the drawings and
textual specifications which are used as a basis for code generation the implementation
phase. Both the user requirements and repository are helpful for iterating between

various models.

5.1.4 Transitions Between OOM Maodels

Transitions Between OOA Models

The OOA models are related to each other, as shown in Figure 34:

o Lach domain within the Domain Analysis Model gives the boundary to its cor-
responding Subsystem Analysis Model, and each subsystem within a Subsystem
Analysis Model provides the boundary to not only its Object Analysis Model, hut

also the State and Process Models which depict the system operation behavior.

e . he objects and their operations depicted in the Object Analysis Model help to
build the State Model for each (active) object. In a complementary fashion, the

State Model provides events and actions to refine the Object Analysis Model.

e The objects (including their operations and attributes) and their relationships
depicted within the Object Analysis Model help to define the data flow and

coutrol low within the Process Model.
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o For each complex action within a State Model, a Process Model is constructed
elaborating on the processes of the action.

o The subsystem is regarded as a higher level abstract object, and therefore there
exist similar transformations among the Subsystem Analysis Model, State Model

and Process Modcels.

Transitions to OOD Models

Transitions to QOOD models include not only those from the OOA models, but
those from other QOD models. The later designed OOD madels may be transformed
from the earlier designed OOD models. Such transitiors include:

o The Object Analysis Model, which depicts the organization of objects together
with the date flow and control flow in the Process Models, ave particularly help-
ful in determining the communications between different objects. The Object
Analysis Model and Pracess Model are used to constrnet the Objeel Conmmuai-
cation Model.

o Similarly, the Subsystem Analysis Model and its Process Models are used 1o
construct the Subsystem Communication Model.

o Some objects in the Communication Models merely interact with specific ohjects
and therefore can be regarded as servers exclusively used hy their specilic clients.
With the assistance of the Communication Models, the Visibility Models are
constructed.

o The Object Design Modcl is developed on the basis of the OOA model Object
Analysis Model and two other OOD models: the Object Communicalion Model
and Object Visibility Model. The Object Analysis Model provides the frame-
work to organize an Objeet Design Model. The messages depicted in the Object
Communication Model are used to depict the dynamic relationships between
different objects, whereas the Visibility Model separates the utility objects from
the other objects.

e Similarly, the visibility of subsystems depicted by the Subsystem Visibility Mode l,
the message communications between varions subsystems depicted by the Sub-
system Communicaiion Model, and the refationships between different, subsys-
tems depicted in the Subsystem Analysis Model, arc nsed to build the System

Design Model.



5.1.5 The OOM's Flexibility

The OOM Method is developed as a flexible method that can be used in a wide range
of application systems. If the application system is a very large and complex system,
the Domain Analysis Model and Subsystem Models' are used to divide the application
system into manageable pieces. If the application system is a medium size system, the
Doinain Analysis Model is omitted and the Subsystem Models are used to partition
the application system. If the application system is a small system, the Domain
Analysis Model and Subsystem. Models are omitted and only the Object Models are
nsed. If the application system is a very small system, some Object Models, such as

the Objeet Visibility Model and Object Communication Model, can also be omitted.

5.2 OOA Notation and Its Modeling

Because the subsystem-level models are derived extensively from the OMT support

environment, the primary focus in this section is on the system-level models.

5.2.1 S._bsystem-Level O0OA Models

Three subsystem-level OOA models: the Objeet Analysis Model, State Model and
Process Model are derived from OMT’s analysis models: the Object Model, Dynamic
Model and Functional M-del, vespectively. Because the defining of OOM’s OOA
models is heavily reused from the OMT support envirenment, only the enhancements

are discussed.

Object Analysis Model and Notation

The enhancements of OMT models to form the Object Model include several
textual specifications added to each class, object and operation, and the ability to

exrlode cach class to its State Model. The aggregation function in Metaview is used to

'Based on the sizes of models, the OOM models are categorized into the Domain Model, Sub-
system Meodel and Object Model. Ouly the Domain Analysis Model is a Domain Modcl, whereas the
Subsystem Analysts Model, Subsystem Communication Model, Subsystem Visibility Model and Sub-
system Design Model are all Subsystem Models. 'The Object Analysis Model, Object Communication
Model, Object Visibility Model, and Object Design Model are all the Object Models.
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Nl
define the aggregation irom a class of the Object Analysis Model Lo its corresponding

State Model aggregate. The improved notation is illustrated as follows:

ENTITY_TYPE
class GENERIC IS_A universal_entity,
ATTRIBUTES (responsibilities: text, constraints: text)
BECOMES state_model;
object GENERIC IS_A universal_entity,
ATTRIBUTES (responsibilities: text, constraints: text)
oo_operation GENERIC IS_A universal_entity,
ATTRIBUTES (arguments: text, preconditions: text,
export_control: (public, protected, private, implementation),

semantics: text, postconditions: text);

State Model and Notation

Although the Object Analysis Model renses the notation and prototype of OMTs
Dynamic Model, scme improvements are made. The action in cach state can he
optionally aggregated to a Process Model which depicts how the action is partitioned

intc fundamental processes. The action entity in the Stale Modelis defined as:

ENTITY_TYPE
action GENERIC IS_A universal_entity,
BECOMES process_model;

To analyze the system behavior, a Stale Modelis created for the Subsysten: A d-
ysis Model. A variable called system_level is added as an attribute of the State Model
to distinguish whether the State Model is created to analyze the lifetime states of a

subsystem or a class.

AGGREGATE_TYPE state_model
ATTRIBUTES (description: text, system_level: boolean)
COMPONENTS (state, transition_name, activity, action,

state_action, state_activity, control_flow, send_event) ;



Process Mode] and Notation

In addition to the notation from OMT’s Functional Model, the textual specifi-

cations for cach action are defined in the Process Model to provide a more formal

doseription.

ENTITY_TYPE
process GENERIC IS_A universal_entity,
ATTRIBUTES (arguments: text, preconditions: text,
semantics: text, postconditions: text);

The arguments attribute is used to store a list of formal arguments, and the
semantics attribute is used to depict the possible processing exceptions.
5.2.2 System-Level OOA Maodels

In the process of defining the Domain Analysis Modecl and Subsysiem Modcl, a domain
or a subsystem is regarded as a highly abstract object which has attributes and

operations.

Domain Analysis Model

Domainl Domain2
auribute] domainLink attribute1
attribute2 b= attribute2
service |OfDomain2
operation] service20fIDomain2 operation]
operation2 operation2

Figure 35: Domain Analysis Model

This model supports the analyst’s need of splitting a large application system
into several domains, In the process of defining this model, an entity type called
domain and a relationship type between domains called domain link are modeled.
Fach domain icon can be exploded into a Subsystem Analysis Model. Figure 35 il-
lustrates an example: Two domains, Domain! and Domain2, are connected by the

domain.link domainLink. Domain? provides two services, service /OfDomain? and



service20fDomain2, to Domainl. The name of cach domainlink should be dis-
played explicitly. It has to be modeled as an entity to participate the relationship
domain_link. The entity type rel name is reused from the Object Analysis Model {or
the name of the relationship domain link. A casy way to model the services pro-
vided by a domain is to madel it as an attribute of the relationship type domain link.
However, this makes it difficult to express an arbitrary number of domain services
because an eutity actribute can store only one domain service. Therefore, the domain
service is modeled as an entity type comment, which is also reused from the Object
Analysis Model. A relationship type called comment_relate is created and nsed o
attach a comment to its domain_link. Multiple comment icons and their correspond-
ing domain_link relationships can show a number of domain sevvices. The Domain

Analysis Model is defined in EDL as:

ENTITY_TYPE
domain GENERIC IS_A universal_entity
BECOMES subsystem_analysis_model;

RELATIONSHIP_TYPE
domain_link GENERIC IS_A universal_relationship
ROLES(domainl, iink_name, domain2)
PARTICIPANTS (domaisn, rel_name, domain);

AGGREGATE_TYPE domain_analysis_model
COMPONENTS (domain, domain_link,
% derived from the object_analysis_model
rel_name, comment, comment_relate,
oo_attribute, oo_operation,

entity_attribute, entity_operation);

Subsystem Analysis Model

In the Subsystem Analysis Model, entitios and relationships are reased from the
Object Analysis Model, except the newly created entity types subsystem and state-
_model name and the relationship type subsystem explode. A subsystemcan be op-

tionally aggregated into its static aspects, which is a Object Analysis Model 'To depict,
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