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Relationships 
· Generalization Relationships 
The generalization abstraction enables the analyst to create classes that inherit attributes and operations of other classes. The analyst creates a superclass that contains the basic attributes and operations that will be used in several subclasses.
The subclasses inherit the attributes and operations of their superclass and can also contain attributes and operations that are unique just to them.
Generalization is represented with the a-kind-of relationship, so that we say that an employee is a-kind-of person.
Generalization relationships between classes can be combined to form generalization hierarchies. Based on the previous examples, a secretary class and an engineer class can be subclasses of an employee class, which in turn could be a subclass of a person class. This would be read as a secretary and an engineer are a-kind-of employee and a customer and an employee are a-kind-of person.
The analyst should apply the principle of substitutability. By this we mean that the subclass should be capable of substituting for the superclass anywhere that uses the superclass (e.g., anywhere we use the employee superclass, we could also logically use its secretary subclass). By focusing on the a-kind-of interpretation of the generalization relationship, the principle of substitutability is applied.

· Aggregation Relationships
Generally speaking, all aggregation relationships relate parts to wholes or parts to assemblies. For our purposes, we use the a-part-of or has-parts semantic relationship to represent the aggregation abstraction. For example, a door is a-part-of a car, an employee is a-part-of a department, or a department is a-part-of an organization. Like the generalization relationship, aggregation relationships can be combined into aggregation hierarchies. For example, a piston is a-part-of an engine, and an engine is a-part-of a car.
The flip side of aggregation is decomposition.
The analyst can use decomposition to uncover parts of a class that should be modeled separately. For example, if a door and an engine are a-part-of a car, then a car has-parts door and engine. The analyst can bounce around between the various parts to uncover new parts. For example, the analyst can ask, what other parts are there to a car. Or To which other assemblies can a door belong?

· Association Relationships
Technically speaking, these relationships are usually a weaker form of the aggregation relationship. For example, a patient schedules an appointment. It could be argued that a patient is a-part-of an appointment. However, there is a clear semantic difference between this type of relationship and one that models the relationship between doors and cars or even workers and unions. Thus they are simply considered to be associations between instances of classes.
I. Object Identification

The four most common approaches are textual analysis, brainstorming, common object lists, and patterns.
· Textual analysis is an analysis of the text in the use-case descriptions. The nouns in the use case suggest possible classes, and the verbs suggest possible operations

· Brainstorming is a discovery technique that has been used successfully in identifying candidate classes. Essentially, in this context, brainstorming is a process of a set of individuals setting around a table and suggesting potential classes that could be useful for the problem under consideration. Initial list of classes (objects) is developed. Attributes, operations and relationships to other classes can be assigned in a second round

· Common object list is simply a list of objects common to the business domain of the system. Several categories of objects have been found to help the analyst in creating the list, such as physical or tangible things, incidents, roles, and interactions.

· The idea of using patterns is a relatively new area in object-oriented systems development. There have been many definitions of exactly what a pattern is. From our perspective, a pattern is simply a useful group of collaborating classes that provide a solution to a commonly occurring problem. it is possible to make very sophisticated buildings by stringing together commonly found patterns
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II. CRC cards 
CRC (Class–Responsibility–Collaboration) cards are used to document the responsibilities and collaborations of a class. In some object-oriented systems-development methodologies,
CRC cards are seen to be an alternative competitor to the Unified Process employment of use cases and class diagrams. However, we see them as a useful, low-tech approach that can complement a typical high-tech Unified Process approach that uses CASE tools.

· Responsibilities 
Responsibilities of a class can be broken into two separate types: knowing and doing. Knowing responsibilities are those things that an instance of a class must be capable of knowing (attributes)
An instance of a class typically knows the values of its attributes and its relationships. Doing responsibilities are those things that an instance of a class must be capable of doing. In this case, an instance of a class can execute its operations or it can request a second instance, which it knows about, to execute one of its operations on behalf of the first instance.

· Collaborations 
Most use cases involve a set of several classes, not just one class.
These classes form collaborations. (Objects working together to service a request) Collaborations allow the analyst to think in terms of clients, servers, and contracts. A client object is an instance of a class that sends a request to an instance of another class for an operation to be executed. A server object is the instance that receives the request from the client object. A contract formalizes the interactions between the client and server objects.

· Elements of a CRC Card
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Name of a class should be a noun. 

Responsibilities: the doing responsibilities, operations that the class must contain. 

Attributes of the class represent the knowing responsibilities that each instance of the class has to meet.

CRC cards are used to document the essential properties of a class. However, once the cards are filled out, the analyst can use the cards and anthropomorphisms in roleplaying (described in the next section) to uncover missing properties by executing the different scenarios associated with the use cases. 

· CRC Cards & Role-Playing
An exercise to help discover additional objects, attributes, relationships & operations
Team members perform roles associated with the actors and objects previously identified- steps associated with a scenario (a single, unique execution path through the use case) 
Utilize activity diagrams to run through the steps in a scenario
· Identify an important use-case
· Assign roles based on actors and objects
· Team members perform each role-play in the scenario (each team member pretends he or she is an instance of the role assigned to him) 
· Discover and fix problems until a successful conclusion is reached
· Repeat for remaining use-cases


· Elements of a class diagram 







· Relationships between classes
Line with either the name of the relationship of the roles played by classes in the relationship. When it is a role name: + (not a relationship) 

Multiplicity: minimum..maximum, many = * 
If many to many relationship, an association class is constructed: 
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Generalization + aggregation Associations: 
Generalizations: (arrow)



Aggregations: 
Aggregation (possible for the part to be associated with multiple wholes)




Composition (the part can be associated with only a single whole)



Simplifying diagrams: 
By using view mechanism: show only a subset of the info contained in the DB. Use case view shows only for the sue-case, or views to show only particular type of relationships, or show only limited stuff for each class…
By using packages: logical groups of classes 
Object diagrams  

III. CREATING STRUCTURAL MODELS USING CRC CARDS AND CLASS DIAGRAMS 

· It’s an iterative process

1) Create CRC cards 
2) Review CRC cards (brainstorming and common list approaches) 
3) Role play the CRC cards (each scenario) 
4) Create Class diagrams (A s a general rule, attributes are private and operations are public) -> still record all changes in the CRC cards 
5) Review Class diagram (for missing AND for unnecessary classes) 
6) Incorporate Patterns 
7) Review the model (CRC cards + class diagram) 

IV. Verifying and Validating the structural model 
Analyst presents to developers & users: 
Walks through the model
Provides explanations & reasoning behind each class

· Rules
1. Each CRC card is associated with a class
2. Responsibilities on the front of the card are included as operations on the class diagram
3. Collaborators on the front of the card imply a relationship on the back of the card
4. Attributes on the back of the card are listed as attributes on the class diagram
5. Attributes on the back of the CRC card each have a data type (e.g., salary implies a number format)
6. Relationships on the back of the card must be properly depicted on the class diagram
Aggregation/Association
Multiplicity
7. Association classes are used only to include attributes that describe a relationship
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