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Learning Outcomes

At the end of this lecture, students should be able to:
• understand the purpose of utilizing structural models
• utilize various object identification techniques, tools and activities to help identify 

candidate objects for the structural model
• create structural models using class diagrams and object diagrams
• describe the process of verifying and validating structural models
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Introduction

Recall: All OO systems development approaches are use-case driven, architecture 
centric, iterative and incremental.
• From an architecture-centric perspective, structural modeling supports creating 

internal structural or static views of a business information system in that it 
shows how the system is structured to support the underlying business 
processes.

Analysts need to iterate across the structural models as well as across all 3 
architectural views (i.e., functional, structural, behavioral) to fully capture and 
represent the requirements for a business information system.
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Structural Models

Structural models are a formal way of representing objects that are used and 
created by a business system.
• illustrates people, places, or things about which information is captured and how 

they are related to each other
• drawn using an iterative process in which the model becomes more detailed and 

less conceptual over time
• first drawn in a conceptual, business-centric way
• then refined in a technology-centric way describing the actual databases and files
• more and more details are added in each iteration
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Structural Models

In analysis, analysts draw a conceptual model, which shows the logical organization 
of the objects without indicating how the objects are stored, created, or 
manipulated.
• Conceptual model is free of implementation or technical details ⇒ analysts can 

focus more easily on matching the model to the real business requirements of 
the system

In design, analysts evolve the conceptual structural model into a design model that 
reflects how the objects will be organized in databases and software.
• model is checked for redundancy
• analysts investigate ways to make the objects easy to retrieve
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Structural Models

Primary purpose of structural model: create a vocabulary for analysts and users
• allows effective communication between analysts and users
• main goal: to discover the key data contained in the problem domain and to build 

a structural model of the objects
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Object Identification

Different approaches have been suggested to aid the analyst in identifying a set of 
candidate objects for the structural model.

4 most common approaches:
• Textual Analysis
• Brainstorming
• Common Object Lists
• Patterns

Analysts are encouraged to use a combination of these techniques to ensure no 
important objects and object attributes, operations, and relationships have been 
overlooked.
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OBJECT IDENTIFICATION

Textual Analysis of Use Case Descriptions
Textual analysis is performed by reviewing use-case diagrams and examining the 
text in the use-case descriptions to identify potential objects, attributes, operations 
and relationships
• Nouns suggest classes, verbs suggest operations
• Primary purpose: create an initial rough-cut structural model to provide an object 

list
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OBJECT IDENTIFICATION

Textual Analysis of Use Case Descriptions
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Part of Speech Implies

A common or improper noun A class of objects

A proper noun or direct reference Instance of a class

A collective noun Class of objects made up of groups of instances of 
another class

An adjective Attribute of an object

A doing verb, a transitive verb, or a 
predicate/descriptive verb phrase

An operation

A being verb A classification relationship between an object 
and its class

A having verb An aggregation or association relationship

An intransitive verb An exception

An adverb An attribute of a relationship or an operation

Textual Analysis Guidelines

* Adapted from: These guidelines 
are based on Russell J. Abbott, 
"Program Design by Informal 
English Descriptions," 
Communications of the ACM 26, 
no. 11 (1983): 882–894; Peter P-S 
Chen, "English Sentence Structure 
and Entity-Relationship 
Diagrams," Information Sciences: 
An International Journal 29, no. 2–
3 (1983): 127–149;
Ian Graham, Migrating to Object
Technology (Reading, MA: Addison
Wesley Longman, 1995).



OBJECT IDENTIFICATION

Brainstorming
Brainstorming session is kicked off by facilitator who asks a set of individuals to 
address a specific question or statement that frames the session (e.g., their 
experiences of making appointments)
• Participants just need to identify objects with which they have interacted
• Initial list of classes (objects) is developed from the past experiences
• Attributes, operations and relationships to other classes can be assigned in a 

second round
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OBJECT IDENTIFICATION

Brainstorming
Useful principles to guide brainstorming sessions:
• Take all suggestions seriously; better to disregard something later than to accidentally 

leave out anything critical
• All participants should begin thinking fast and furiously

• Once all ideas are out, participants are encouraged to ponder on the candidate classes identified

• Facilitator must be able to manage the fast-thinking process, otherwise the process will 
be chaotic
• Ensure all participants are involved and none of them dominates the process
• Round-robin approach (take turns suggesting candidate classes) or electronic brainstorming tool to 

support anonymity

• Facilitator can use humor to break the ice so that all participants can feel comfortable in 
making suggestions

11Reference: D. Bellin and S. S. Simone, The CRC Card Book (Reading, MA: Addison-Wesley, 1997).



OBJECT IDENTIFICATION

Common Object Lists
Common object lists are a list of objects common to the business domain of the system.

Several categories of objects:
• physical things (e.g., books, desks, chairs, office equipment)
• incidents: events that occur in the business domain (e.g., meetings, flights, 

performances, accidents)
• roles

• the ones that play a part in the problem (e.g., doctor, nurse, patient, receptionist)
• readily identified from the use cases

• interactions: transactions that take place in the business domain (e.g., sales transaction)
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OBJECT IDENTIFICATION

Patterns
• useful groupings of collaborating classes that provide solutions to common 

problems (are reusable)
• possible to put together commonly found OO patterns to form elegant OO 

information systems
• many business transactions involve same types of objects and interactions
• e.g., all transactions require: transaction class, transaction line-item class, item class, location 

class, participant class

• can quickly and more completely define the system by reusing these existing 
patterns of classes rather than starting from scratch
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CRC Cards

CRC (Class-Responsibility-Collaboration) cards are index cards used to document 
the responsibilities and collaborations of a class.

Responsibilities can be broken down into two separate types:
• knowing: what a class must know manifested as attributes
• doing: what a class must do manifested later as operations

Collaboration
• objects working together to service a request: requestor (client) and responder 

(server)
• bound by a contract
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CRC Cards
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CRC Cards and Role-Playing

CRC cards and role playing can be used in an exercise to help discover additional 
objects, attributes, relationships and operations.
• Team members perform roles associated with the actors and objects previously 

identified
• 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 step in the scenario
• Discover and fix problems until a successful conclusion is reached
• Repeat for remaining use-cases
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Class Diagrams

A class diagram is a static model that shows classes and their relationships to one 
another.

Elements of class diagrams:
• classes

• objects within the system (a person, place or thing)
• stores and manages information in the system and contains attributes (characteristics of the 

class) and operations/methods (activities the class can perform)

• relationships: the associations between classes
• depicted as lines between classes
• multiplicity indicates how many of one object is/are associated with other objects
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Class Diagrams

18Sample Class Diagram



Classes, Attributes and Operations
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Class
General template to 

create specific 
instances/objects in 

problem domain

Attributes
Properties that 

describe the state of an 
instance of a class (an 

object)

Operations/Methods
Actions or functions 

that a class can 
perform

Note: only attributes of 
primitive or atomic types can 
be added (i.e., integer, string, 
double, date, time, Boolean, 

etc.)

Object: An entity that has a 
well-defined role in the 

application domain, and it has 
state, behavior, and identity 

characteristics.



Types of Classes

Concrete Classes
• a class that can have direct instances
• can be directly instantiated

Abstract Classes
• a class that has no direct instance, but whose descendants may have direct 

instances
• cannot be directly instantiated
• linked to concrete classes in a generalization/specialization (gen/spec) 

relationship
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Attributes

Attributes represent properties of a class.
• e.g., Person: last name, first name, address, etc.
• can be derived (preceded with a slash (/))

• e.g., age is derived from date of birth

Visibility of an attribute
• restricts access to attributes to ensure consistency
• public attributes (+): visible to all classes
• private attributes (–): visible only to an instance of the class in which they are 

defined
• protected attributes (#): hidden from all other classes except its immediate 

subclassses
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Operations

Types of operations:
• constructor: creates an object
• query: makes information about the state of an object available
• update: changes values to some or all of an object's attributes
• destructor: deletes or removes an object

NOTE: Destructors are only found in some OOP languages like C++, PHP and Swift.

Common operations (i.e., class-scope operations) are not shown. e.g., create or delete an 
instance, return or set a value
• Class-scope operations are operations that apply to a class rather than an object 

instance.
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Multiplicities
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Relationships

Relationships denote associations between classes.
• depicted with a line labeled with the name of the relationship
• may be directional (depicted with a triangle; e.g., patient schedules appointment)

Classes may be related to themselves (e.g., employees and managers who may be 
members of the same class)
• multiplicity indicates how many of one class are related to another class
• 3 basic types in UML: Generalization, Aggregation, Association
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RELATIONSHIPS

Generalization
• enables inheritance of attributes and operations
• represents relationship that are "a-kind-of"
• superclass (parent class) to contain basic attributes and operations that will be 

used in several subclasses (child class)
• subclasses inherit the attributes and operations of their superclass, and can also contain 

attributes and/or operations unique just to them
• e.g., customer class and employee class can be generated into a person class by extracting 

the common attributes and operations and placing them into a new superclass (person)

• denotes inheritance
• properties and operations of the superclass are valid for the subclass
• depicted as a solid line with a hollow arrow pointing at the superclass
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RELATIONSHIPS

Generalization
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RELATIONSHIPS

Generalization
Benefit: reduces redundancy in class definitions so that the common elements are defined 
once and then reused in the subclasses

Opposite of generalization: specialization
• uncovers additional classes by allowing new subclasses to be created from an existing 

subclass

To maintain semantics of subclasses, apply Principle of Substitutability.
• subclass should be capable of substituting for superclass anywhere that uses the 

superclass
• e.g., anywhere the employee superclass is used, its secretary subclass can also be used

27



RELATIONSHIPS

Aggregation
• relates parts to wholes or assemblies
• represents relationships that are "a-part-of"

• e.g., a door is a-part-of a car, an employee is a-part-of a department

• bidirectional; opposite of aggregation is decomposition
• decomposition uncovers parts of a class that should be modeled separately
• e.g., if a door and engine are a-part-of a car, then a car has-parts door and engine
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RELATIONSHIPS

Aggregation

Obviously, in many cases an Employee can be associated with more than 1 department, 
and it is relatively easy to remove a wheel from a vehicle or move a desk from an office.
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An instance of the Employee class is-part-of an 
instance of ≥1 instance of the Department class

An instance of the Wheel class is-part-of an instance of 
the Vehicle class

An instance of the Desk class is-part-of an instance of 
the Office class



RELATIONSHIPS

Association
• miscellaneous relationships between classes
• usually a weaker form of aggregation

• those that do not fit neatly into a generalization (a-kind-of) or aggregation (a-part-of) 
framework

• e.g., patient schedules appointment à can argue that a patient is a-part-of an appointment

30Sample Association Classes



Composition

Composition can be used to portray a physical part of relationships; shown by a 
black diamond.
• physical implies that the part can be associated with only a single whole
• aggregation denotes a logical "a-part-of" relationship whereas composition 

denotes a physical "a-part-of" relationship

31

An instance of a Door can be a part of only a single instance of 
a Car

An instance of a Room can be a part of only a single instance 
of a single Building

An instance of a Button can be a part of only a single instance 
of a single Mouse



Simplifying Class Diagrams

Fully populated class diagrams of real-world systems can be difficult to understand

Common ways of simplifying class diagrams:
• show only concrete classes
• the view mechanism shows a subset of classes
• packages show aggregations of classes (or any elements in UML)
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Object Diagrams

Object diagrams are class diagrams with instantiated classes.
• e.g., instead of a Doctor class, create an actual doctor.. say Dr. Smith
• Note: instantiation means to create an instance of the class with a set of 

appropriate attribute values
• place values into each attribute

Object diagrams can be used to discover additional attributes, relationships and/or 
operations or those that are misplaced.
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Object Diagrams
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Sample Object Diagram



7 Steps to Create Structural Models

• Create CRC cards
• Review CRC cards and identify missing objects, attributes, operations and/or 

relationships
• Role play the CRC cards – look for breakdowns and correct; create new cards as 

necessary
• Create the class diagram
• Review the class diagram – remove unnecessary classes, attributes, operations 

and/or relationships
• Incorporate patterns
• Review and validate the model
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Verifying and Validating the Structural Model

• Analyst presents model to developers and users
• walks through the model; provides explanations and reasoning behind each class

• Rules:
• Each CRC card is associated with a class
• Responsibilities on the front of the card are included as operations on the class diagram
• Collaborators on the front of the card imply a relationship on the back of the card
• Attributes on the back of the card are listed as attributes on the class diagram
• Attributes on the back of the CRC card each have a data type (e.g., salary implies a number 

format)
• Relationships (i.e., aggregation/association, multiplicity) on the back of the card must be 

properly depicted on the class diagram
• Association classes are used only to include attributes that describe a relationship
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Summary

This lecture has covered the following:
• Structural Models
• Object Identification
• CRC Cards
• Class Diagrams
• Creating Structural Models using CRC Cards and Class Diagrams
• Verifying and Validating the Structural Model
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Source: https://www.wattpad.com/272916053-funny-jokes-4-pillars-of-object-oriented
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