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Object-Oriented Analysis (OOA) has made steady progress as a requirements analysis
method, in its own right, and as a complement to other analysis methods. Instead of
examining a problem using the classic input-processing-output (information flow) model
or a model derived exclusively from hierarchical information structures, OOA introduces
a number of new concepts [COA90], [BAI89].

Although the object-oriented (OO) development promotes exploratory programming and
rapid prototyping, and exploits reuse via inheritance, one can still question why the stake
holders of legacy applications hesitate to re-engineer those applications using new OO
paradigms. The reason is the analysis phase and the “Object” that is identified in the
problem domain during the OOA [LOY89]. It is in the identification of objects and their
classes, their attributes (instance variables), their structural organization, and their
categorization into subjects, that most of the difficulties in object-oriented analysis arise.
This, when coupled with the significant shift in systems thinking, i.e., from process to
object-oriented, is the reason why most analysts prefer structured techniques to object-
oriented techniques.

A Possible Solution to the OOA Problem: The Synthesist Approach

A panel of members was asked to consider the following question: What is the
relationship between Structured Analysis (SA) and OOA? [OOP90].
More specifically, the questions asked were:

e Can SA be used effectively to produce the requirements for a system that will be
designed and implemented in an OO fashion?

e If not, is it possible to adjust SA, what needs to be added? If SA cannot be used
at all, what is the key obstacle?

¢ In case SA and OOA have different applicability ranges, how do we circumscribe
— positively and negatively - these ranges? Any overlap?

The response of Paul Ward [OOP90] (quoted on next page) provides a possible answer
to the questions posed.
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What Paul Ward describes is that a possible solution to the OOA problem lies in a
synthesist approach, in which the products of structured analysis are used to identify
classes of objects and their specifications. In fact, this is an approach that has been
adopted by many researchers [BOO86], [SEI87], [GOR90], [RUM91], [KUO94], and
[CHE94]. Paul Ward [WAR89] also makes it clear, that structured analysis can be
integrated with OO analysis and design.

In all the proposed methodologies there are two very important issues that are
highlighted:
¢ Integration of SA and OOA is possible, and it is important to be able to derive
OOA specifications from SA specifications.
e The process is heuristically driven and requires considerable expertise on the
part of the analyst.

However, none of the methodologies are comprehensive or state the heuristics clearly.

The objective of this paper is to define a methodology for deriving OOA specifications
from SA specifications (possibly through an amalgamation of existing methodologies)
and give a gist of heuristics.

The Methodology

The proposed methodology, shown in Figure 1: The methodology can be decomposed
into 5 stages. These are:

1. Derivation of Data Dictionary-Entity (DD-Entity) model.
Refinement of DD-Entity model.

Derivation of Partial Object-Oriented Analysis (OOA) model.
Derivation of Complete OOA model.

Generation of Class Specifications.
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In steps (1) and (2), the Entity-Relationship (ER) model is constructed and refined using
the data-dictionary and the ER model, which are defined in the SA requirements
specifications. During steps (3) and (4), the OOA model is established and step (5)
advances the class specifications.

Step-1: This step begins with the collection of data from requirement specifications. The
Data Dictionary (with resolved synonyms, homonyms, and instances) together with the
expert’'s experience (obtained through queries posed to the expert) is used to derive a
DD-Entity model. This process has 4 sub-steps: basic abstractions, refinement,
generalizations, and aggregation development.

By identifying basic abstractions, it can be ensured that the derived ER model is generic
in nature and does not contain references to instances of a particular entity set. Further
refinements make the DD-Entity model more and more foreign to the user as the model
becomes more and more precise for ER model derivations. Lastly, the generalizations
and aggregation relationships are identified.

Step-2: The “Entity” is the fundamental unit in modeling the real world. From an object-
oriented viewpoint, the data and operation are encapsulated into an entity whereas the
traditional entity represents only the data. This represents the difference between a
traditional entity and an entity in OOA.

In this step, the entities from an Entity Relationship Diagram (ERD) are listed and are
used to crosscheck with the list of entities identified in DD-Entity model. This helps
achieve completeness. Next, the relationship defines how an entity is linked with
another entity. This relationship will map to some messages and/or class relationships
connecting one class to another. The relationship also suggests services an object is
expected to provide. By the end of this step, a comprehensive list of entities in the
problem domain is formed.

Step-3: The ER model developed from previous steps is used to derive a partial OOA
model in which classes, class relationships, class and instance variables are defined.

An object encapsulates the data (attributes’ values) and a description of an object’s
manipulation, i.e., methods that operate on the data [BOO94]. It must reflect the
system’s responsibilities, real world entities and user’s requirements. On the other hand,
a class is a set of objects with common attributes and operations. The Entities found in
ER model become initial classes and represent most of the system classes. These
initial classes may be refined during the identification of class relationships, attributes
and operations. The correctness of the classes identified depends entirely on the
correctness of the requirement specifications, from which the derivation takes place.
However, it may still be difficult, if not impossible, to judge that identified classes are the
right ones. What can be done is to refine them and then let the expert decide whether
they are appropriate for the system or not?
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Classes constitute the static element of a system, while class relationships represent the
dynamic behavior of the related classes. As Booch [BOO94] puts it, “the relationship
between any two classes encompasses the assumptions that classes make about each
other, including what operations can be performed and what behavior results”. Most OO
methodologies, however, emphasize how to identify classes, how to find instance
variables and methods only. Class relationships are, more or less, neglected. In this
case, it is not clear how an object of a class behaves in a system, how it communicates
with external objects, and what data are sent by it in the communication. More
importantly, it is uncertain if these classes with their instance variables and methods can
completely provide the needed services to the users. The relationships identified in this
methodology are as follows:

e Generalization-Specialization relationship
e Use relationship
e Aggregation relationship

An instance variable should own the following properties [SEI89]:
e It must describe the characteristics of data that meet the demand of a system.
¢ It may define some data that makes unigue each object instantiated from a class.
e It can represent the common property of objects within same class.

e |t describes the value kept within a class, to be exclusively manipulated by the
operations of that class, i.e., as class variables.

Ordinary instance variables indicate information a class must process or keep. Because
they are ordinary, these variables presumably will help understanding the semantics of a
class. If variables cannot be allocated to appropriate existing classes, some classes will
have to be added. This provides a useful check for class identification. Furthermore, as
all input data must be manipulated by methods and then transformed to output data,
identification of instance variables can also help to find methods.

Step-4: After the identification of the classes, the Data Flow Diagrams (DFD) and State
Transition Diagrams (STD), from the requirement specification, are used to find methods.
They are then refined further. Methods of a class provide the capability of accessing/
updating attributes to the class and to communicate through messages with the object
instances of the classes. Finding appropriate methods for each class clarifies the
system’s behavior and further details the abstraction of the reality being modeled
[COA9Q].

Methods are identified from DFD and Event Trace Diagram (ETD) constructed with help
of STD and DFD. An event is an action by an object, which occurs whenever some
information is exchanged between two objects in a system. The parameters of the event
are the information exchanged. Generally, these parameters are instance variables of
the class. This process of constructing ETD requires considerable expertise. ETD can
also be used to identify interacting methods. Once these methods are identified, the
process of refinement reduces the number of methods of a class without losing any
important class characteristics; however, the increase in complexity by grouping some
operations into one larger operation should be considered. Thus, there is a trade-off
between grouping and not grouping operations.

© Avenue A | Razorfish™. All rights reserved.
Avenue A and Razorfish are registered trademarks.



[ 0
avenue a ?|?
razorfishr

Step-5: The last step in this methodology is generating class specifications. This is a
simple process and involves a mere compilation of the information generated in the
previous steps. A typical class specification is shown in the Figure 2: Sample Class
Specification.

Figure 2

CLASS : COMPONENT_FILE

INSTANCE VARIABLES
@ component no  : int - for recording the component_no

component_name : String - for recording the
Component_name

descriptor : String
price :int
gty_on_hand : int

END VARIABLES

RELATIONSHIPS
INHERITS FROM : NONE
SPECIALIZATION CLASSES : NONE

END RELATIONSHIPS

METHODS

find_comp () : returns the list of components needed

update_comp () : updates the component file after work_order is
executed

END METHODS
END CLASS
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In this article, a comprehensive methodology, for deriving class specifications from
structured specifications has been proposed. The use of this proposal overcomes most
of the problems and difficulties in OOA. From structured analysis, which is relatively
easy to execute, given the expertise now available, class specifications can be derived.
Author has also implemented a prototype Expert System with the help of heuristics
derived in each step in the methodology.
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