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Introductions

= Your organization
= Your role

= Your background, experience
» Object technology experience
» Software development experience

= Your expectations for this course

= One interesting fact about you!
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Course Obijectives

= Understand the concepts of Object-Orientation
= Capture system requirements with use cases

= |dentify classes, objects and relations, and creating interaction
diagrams and class diagrams

= Build an analysis model with analysis classes

= Understand Model-Driven Development (MDD) and Model-Driven
Architecture (MDA)

= Apply a use-case driven, architecture-centered and iterative process
to build a robust design model
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Agenda

= Day 1:
» UML 2
= Day 2:
» Object-Oriented Analysis (OOA)
= Day 3:
» Object-Oriented Analysis (OOA) (cont.)
» Object-Oriented Design (OOD)
= Day 4:
» Object-Oriented Design (OOD) (cont.)

= The labs for days 2 to 4 will be based on IBM Rational Software
Modeler (or IBM Rational Software Architect) v.7 or above
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Logistics

Morning

1 Fifteen minute break
Lunch

1 Hour

Afternoon

1 Fifteen minute break
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Where Are We?

E==) What is Modeling?
= Principles of Object-Orientation

= The Unified Modeling Language
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What is a Model?

= A model is a simplification of reality

= Modeling achieves four aims:
» Helps you to visualize a system as you want it to be
» Permits you to specify the structure or behavior of a system
» Gives you a template that guides you in constructing a system
» Documents the decisions you have made

= You build models of complex systems because you cannot
comprehend such a system in its entirety

= You build models to better understand the system you are developing

Best Practice: Model Visually

Software teams often do not model.

Many software teams build applications approaching the problem like they were building
paper airplanes :

» Start coding from project requirements

* Work longer hours and create more code

» Lacks any planned architecture

» Doomed to failure
Modeling is a common thread to successful projects.
Some general facts about models:

The model you create influences how the problem is attacked
Every model may be expressed at different levels of precision
The best models are connected to reality

No single model is sufficient
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Model-Driven Development

= A natural evolution of object-oriented technologies
= The encapsulation of business logic in (UML) models

= The use of these models to automate the development of applications,
code generation, testing and maintenance

Payroll System

Select method payment

[Entity» Please enter your username: [jps
Employee mployee 4 ) .
Submit Timecard pme > ..oand p d: |
Hdress 1
o bank info
: ‘ * | - timecards
« | -payChecks | «Entity»
| TimeCard
«Entity» . Od.
@ PayCheck o peri ok
- o project per hours
: p:dnfeﬂ?“dnatte © [f retrieve timecard data ()
By @ /{ update timecard ( )
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= An architectural style
= An OMG initiative

Transformation Rules

CIM

Model-Driven Architecture (MDA)

QRG]

OBJECT MANAGEMENT GROUP

http://www.omg.com/

Computation
Independent Model —
Domain Model,
Business Model,
Requirements, etc.

« ~

PIM

PIM

Platform
Independent
Model -
Analysis/Design

PSM

PSM

Platform Specific
Model —
Design/

Implementation

€ A\tomated Generation e

J

)
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Where Are We?

= What is Modeling?
==) Principles of Object-Orientation
= The Unified Modeling Language
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Basic Principles of Object Orientation

= Abstraction
= Encapsulation
= Modularity

= Hierarchy
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What Is Abstraction?

= The essential
characteristics of an
entity that distinguishes
it from all other kinds of
entities

= Depends on the
perspective of the
viewer

= |s not a concrete
manifestation, denotes
the ideal essence of
something

==

From Object-Oriented Analysis and Design with Applications by Grady Booch, 1994
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What Is Encapsulation?

= Hides implementation
from clients

» Clients depend on
interface

» Improves the resiliency
of the system, i.e. its
ability to adapt to
change

From Object-Oriented Analysis and Design with Applications by Grady Booch, 1994
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What Is Modularity?

= Breaks up something complex into manageable pieces.
= Helps people understand complex systems
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What Is Hierarchy?

Increasing Asset
abstraction
J zﬂ R@
BankAccount Security RealEstate
S, 2 S 2
Decreasing Savings Checking Stock Bond
abstraction

Elements at the same level of the hierarchy should
be at the same level of abstraction
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Where Are We?

= What is Modeling?
= Principles of Object-Orientation
E=) The Unified Modeling Language
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What Is UML?

= UML is a language for:
= Visualizing
= Specifying
= Constructing
= Documenting
the artifacts of a software-intensive system

= UML covers all aspects of software development:
= System architecture

= Requirements
" Tests UNIFIED o

= Project planning MODELING
= Etc. LANGUAGE

Part | - UML2

© Copyright IBM Corp. 2005-2007

Course materials may not be reproduced in whole or in part without the prior written permission of IBM.



OOAD with UML2 and RSM

| IBM Software Group | Rational software

History of UML UML 2.0

(2004)

UML 1.5

(March, ‘03)

UML 1.1
(Sept. '97)

UML 1.0

(Jan. ‘97)

UML 0.9 and UML 0.91

Unified Method 0.8
/ Booch'93  OMT - 2

OOSE Other Booch ‘91 OMT - 1
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Where Are We?

==) What is an Object?
= Whatis a Class?
= |nteraction Diagrams

= Sequence Diagrams

= Communication Diagrams
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What Is an Object?

= Informally, an object represents an entity, either physical, conceptual,
or software

» Physical entity Q-E%%

Truck

» Conceptual entity ﬂ

Chemical Process

» Software entity \| | } I | 1] ] | |

Linked List
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A More Formal Definition

Attributes

= An object is an entity with a
well-defined boundary and
identity that encapsulates
state and behavior

» State is represented by ' Prco%
attributes and relationships .

» Behavior is represented by
operations, methods, and state
machines

. Employee ID: 567138"
o HireDate: 07/25/1991 |
Status: Tenured
. 1 Discipline: Finance
7 MaxLoad: 3

TakeSabbatical()

Object “Professor Clark”

Operations

The state of an object is one of the possible conditions in which an object may exist.
State normally changes over time.

The state of an object is usually implemented by a set of properties called attributes,
along with the values of the properties and the links the object may have with other
objects.

State is not defined by a “state” attribute or set of attributes. Instead, state is defined by
the total of an object’s attributes and links. For example, if Professor Clark’s status
changed from Tenured to Retired, the state of the Professor Clark object would change.

The second characteristic of an object is that it has behavior. Objects are intended to
mirror the concepts that they are modeled after, including behavior.

Behavior determines how an object acts and reacts to requests from other objects.

Object behavior is represented by the operations that the object can perform. For
example, Professor Clark can choose to take a sabbatical once every five years. The
Professor Clark object represents this behavior through the TakeSabbatical() operation.

In the real world, two people can share the same characteristics: name, birth date, job
description. Yet, there is no doubt that they are two individuals with a unique identity.

The same concept holds true for objects. Although two objects may share the same state
(attributes and relationships), they are separate, independent objects with their own
unique identity.

Part| - UML2
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Objects and Encapsulation

= Encapsulation:

» Protects the supplier
object from incorrect use

Professor Clark

by clients
» Protects the clients from \
implementation changes in ; e _— X
the supplier p \ \
{1 Name: J Clark

y B8 Employee ID: 567138
{ (. HireDate: 07/25/1991
[ Status: Tenured

SetMaXLoad (4) . Discipline: Finance

' " MaxLoad:4

The key to encapsulation is an object’s interface. The object interface ensures that all
communication with the object takes place through a set of predefined operations. Data
inside the object is only accessible by the object’'s operations. No other object can reach
inside the object and change its attribute values.

For example, Professor Clark needs to have her maximum course load increased from
three classes to four classes per semester. Another object makes a request to Professor
Clark to set the maximum course load to four. The attribute, MaxLoad, is then changed
by the SetMaxLoad() operation.

Encapsulation is beneficial in this example because the requesting object does not need
to know how to change the maximum course load. In the future, the number or variables
that are used to define the maximum course load may be increased, but it doesn’t affect
the requesting object. It depends on the operation interface for the Professor Clark
object.
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Where Are We?

= What is an Object?
==) What is a Class?
= |nteraction Diagrams

= Sequence Diagrams

= Communication Diagrams
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What Is a Class?

= A class is a description of a set of objects that share the same
attributes, operations, relationships, and semantics

» An object is an instance of a class

= Aclass is an abstraction in that it
» Emphasizes relevant characteristics
» Suppresses other characteristics

Part| - UML2
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Representing Classes in UML

= A class is represented using a rectangle often with three
compartments:

» The class name

= |t should be a simple name and it should reflect exactly
what the class is and does

» The structure (attributes)
» The behavior (operations)

= Professor
- name
Visibility - employeelD
+ = public - hireDate

g - Jtatus

- = private —discipline

# = protected - maxLoad

+ submitFinalGrade ()

+ petMaxLoad ()
takeSabbatical ()

+ teachClass ()

public (+)

Visible to all elements that can access the contents of the namespace that owns it
private (-)

Only visible inside the namespace that owns it
protected (#)

Visible to elements that have a generalization relationship to the namespace that
owns it

package (~)
Only named elements that are not owned by packages can be marked as having
package visibility

Any element marked as having package visibility is visible to all elements within the
nearest enclosing package
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Representing Classes in UML (cont.)

= Style Guidelines

o ) = Professor
» Capitalize the first letter of class @sbmitFinalGrade ()
names # setMaxLoad ()
» Begin attribute and operation
names with a lowercase letter
* Compartments Representation with the attribute
» Only the name compartment is compartment suppressed, operation visibility
mandatory shown as “decoration”, and the operation
. compartment filtered to show only two
» Additional compartments may operations

be supplied to show other properties
= UML Syntax for Attributes and Operations
» <attributeName> : <attribute Type> [multiplicity] = <defaultValue>
= Examples: name, name : String = “Samira”, name : String[1..3]
» <operationName> (<optionalArgumentList>) : <returnType>
= Examples: calculatePay, calcPay(from:Date, to:Date) : Double

Note: For the complete notation for attributes and operations refer to the OMG’s UML Superstructure Specification

To display the full “signature” of an attribute or operation in RSA or RSM, right-click the
container class and select Filters > Show Signature.

Part | - UML2
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The Relationship between Classes and Objects

= A class is an abstract definition of an object
» It defines the structure and behavior of each object in the class
» It serves as a template for creating objects.

= Classes are not collections of objects

carol : Professor

= Professor martin : Professor
Egname : String Egname = "Martin Blower"
£ company : String [Eg company = "Aspire”
Egage = 42

g age : Integer

Slot compartment

ip : Professor.
(g name = "Jean-Pierre Schoch”
(g company = "IBM"
Egage =28

In UML 2, the objects on the right are called “instance specifications”. They are depicted in
Object Diagrams. There is an example of object diagram at the end of module 3 (section
Miscellaneous Topics). In the slide, we are showing instances of classes, but instance

specifications can apply to any type of UML 2 classifiers, for instance components and
relationships.

The name of the instance specification is an underlined concatenation of the instance name

(if any), a colon (*:") and the classifier name. Examples of valid names: customer, :Map,
carol:Professor.

Part| - UML2
© Copyright IBM Corp. 2005-2007 32

Course materials may not be reproduced in whole or in part without the prior written permission of IBM.



OOAD with UML2 and RSM

IBM Software Group | Rational software

Where Are We?

= What is an Object?

= Whatis a Class?
E=) Interaction Diagrams

= Sequence Diagrams

= Communication Diagrams
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UML Diagrams

= UML diagrams contain graphical elements

(nodes connected by paths) that represent <Heading>
elements in the UML model
» Each diagram has a contents area <Contents Area>
» As an option, it may have a frame and a
heading as shown on the right

= Two main types

» Structure Diagrams show the static
structure of the objects in a system

» Behavior Diagrams show the dynamic
behavior of the objects

= Include interaction diagrams

Note: A complete taxonomy of UML diagrams is provided in module 4

Part | - UML2
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Interaction Diagrams

= Objects interact through messages
» A client object sends a “message” to a supplier object to perform some
activity
= |nteraction diagrams show the interactions between collaborating
objects
» Sequence Diagram (the most common variant)
= Time oriented view of object interaction
» Communication Diagram
= Structural view of messaging objects
» Specialized Variants (not covered in this module)

= Timing Diagram: time constraint view of messages involved in an
interaction

= Interaction Overview Diagram: define interactions in a way that promotes
overview of the control flow

Objects need to collaborate:
» Each object is responsible for its own behavior and status
* No one object can carry out every responsibility on its own
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Where Are We?

= What is an Object?
= Whatis a Class?
= |nteraction Diagrams

==) Sequence Diagrams

= Communication Diagrams
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What Is a Sequence Diagram?

= A sequence diagram is an interaction diagram that emphasizes the
time ordering of messages

= The diagram shows:
» The objects participating in the interaction
» The sequence of messages exchanged

S - -

=y

Sequence Diagrams

The sequence diagram is “the mainstay of dynamic modeling” (The Object Primer, Third
Edition, Scott W. Ambler, 2004). It describes a pattern of interaction among objects,
arranged in a chronological order.

Sequence diagrams are used to:
* [lllustrate use-case realizations.
* lllustrate detailed structural designs.
* Model the detailed design of an operation or service.
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Example

/Unnamed (anonymous) object

| Student successfully registers for courses

I % Peqgy Sue:Student l | =] :CourseRegistrationForm l I Q:Rggﬁratkr(ontroler‘l I =] cur:Student l | £ :CourseCatalog I
| [ |

1 r?gistrationRequest (forSernest9[ ) | [
t

|
| 1 :'egistrationnequest(forSemest?r) [ |
| 1.1.1: retrieveCourseOfferings ( forSemester ) |
| Message [
| 112 retrieveCouvseOﬁqrings (forSemester )
R USSR SRS
| Reflexive 1.2: registrationRequest ( forSeme: n |
| message — : Return |
} : I message :
] 1.3: displayBlankAgenda ( ) | Execution |
|

| specificatiqn
2: registrationRequest ( forSemester

...................................... | |
]3: register (selectedCourses ) ‘ | [ |
] . 1: register ( selectedCourses ) | [ Lifeline |
] 3.1.1: addCourses () N [ |
|

An object is represented by its lifeline, a rectangle forming its “head” followed by a
vertical line, which may be dashed.

Note the inclusion of the actor instance (Peggy Sue:Student). This is important as it
explicitly models what elements communicate with the “outside world.”

A message reflects either an operation call and start of execution or a sending and
reception of a signal. The object’s class and the message’s operation may be initially
unspecified.

An Execution specification is a specification of the execution of a unit of behavior or
action within the Lifeline.
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1: synchronousMessage (|)

Message Types
= Synchronous
message [T Message Types |
» Callto an [EE) [EE"
operation I I EF_-I
|

= Asynchronous
message 1.1.1: createMessage

I
|
|
» Asynchronous call | EE
to an operation :
|

|
o

111 aSynchromusMessaggt)

1.1.2: destroyMessage

» Asynchronous
send action of a |
signal 2{synchronoushessage |

I I

= Create Message

= Delete Message

= Reply message to
an operation call
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1 llegistratimRecuest (forSemesterl)

i

registrationRequest (forSernestel )

1.1.1: retrieveCourseOffgrings ( forSemester )

1.1.2: retrievecwrseofmegs (forSemester )

registrationRequest ( forSemest:

—

[
I
I
I
I
I
I
I
2 nlegistratimRecuest ( forSemester
j

:‘3: register (selectedCourses ) l

-

1.3: displayBlankagenda ( )

2r

3.1: register ( selectedCourses )

11

Interaction
use (see

]
I
I
I
I
I
| next slide)

re

4

Add Courses

L4: register (selectedCourses )

-

3.2: register ( selectedCourses ) H

© Copyright IBM Corp. 2005-2007
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Interaction Use and Combined Fragments

] Add Courses |

0,*
ref 0.4

I
|
|
I

1: hasSeatAvailable ( )

Add Courses

I
I
i |
|
|
|

2: hasSeatAvailable ( )

I
|
T
|
|
|
|
|
|
|
|
|
|
|
|
|
T

I
| Afont |
[there are seatI available] I
1: gddStudent (student : Student )
|
i 2 .Jddstudent (student : Student])
Combined fa
fragments | |
| |

An Interaction Use allows multiple interactions to reference an interaction that
represents a common portion of their specification.

Other useful Combined Fragments include alt (represents a choice of behavior, opt
(option), break (if a guard is included, and the guard is true, the rest of the enclosing
Interaction Fragment is ignored), par (parallel). The operator critical can be used to
indicate that a (critical) region is treated atomically by the enclosing fragment. More
advanced operators: neg (negative), assert and ignore/consider, strict (strict sequencing)
/ seq (weak sequencing).
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Where Are We?

= What is an Object?
= Whatis a Class?
= |nteraction Diagrams

= Sequence Diagrams

E==) Communication Diagrams
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What Is a Communication Diagram?

= A communication diagram emphasizes the organization of the objects
that participate in an interaction
= The communication diagram shows:
» The objects participating in the interaction
» Links between the objects
» Messages passed between the objects

ﬁ—)
Y

N E

=]
Communication
Diagrams
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Example

courses <—— 1.3: displayBlankAgenda

— l:registrationRequest

<—— 2:registrationRequest
—> 3: register

<—— 4: register

Link

,\ 1.1.2: retrieveCourseOfferings

1.1.1: retrieveCourseOfferings
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Communication vs. Sequence Diagrams

= |In UML 1.x, collaboration diagrams (as they were called) and
sequence diagrams were completely equivalent

» The major difference, which is retained in UML 2.x, is the ability to explicitly
show links in collaboration/communication diagrams

= |In UML 2.x, communication diagrams are much less expressive and
precise than sequence diagrams

» UML 2.1 define communication diagrams as “simple Sequence Diagrams
that use none of the structuring mechanisms such as InteractionUses and
CombinedFragments”

Part | - UML2
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Exercise

= Perform the exercise provided by
the instructor (lab 1)

Part | - UML2
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Object-Oriented Analysis and Design with UML2 and
Rational Software Modeler

03. Classes, Relationships and Packages

software

(@business on demand software

© 2005-2007 IBM Corporation
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Where Are We?

E=) Associations
= Dependencies
= Generalizations
= Packages

= Miscellaneous Topics

Part | - UML2
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Classes Collaborate

= Objects collaborate with each other by sending messages
» To send a message to an object, the client object must have a link with the
supplier
= |f there is a link between two objects, there must be some kind of
relationship between the corresponding classes:

» The relationship may be a structural relationship: association and its variants
(aggregation, composition)

» Or a non-structural relationship, called a dependency

Part | - UML2
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What Is an Association?

= The semantic relationship between two or more classifiers that
specifies connections among their instances

= A structural relationship specifying that objects of one thing are
connected to objects of another thing

Student ‘= Schedule =/ Course

Part | - UML2
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What is Navigability?

around

= RegistrationController

= Navigability indicates that it is possible to navigate from one class to
another (or more precisely from one instance of a class to another
instance of the same class or of another class)

» Associations are bi-directional by default
» An association with an arrow is a one-way association
= The client class can navigate to the supplier class, but not the other way

Association navigable from
RegistrationController to Schedule

Association navigable in
both directions

' CourseOffering

Part | - UML2
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Naming Associations

= To clarify its meaning, an association can be named
= The name is represented by a label as shown below

= Usually a verb or an expression starting with a verb

= RegistrationController manages = Schedule

The association name may include an arrow (like in “manages » ") to indicate the
direction the name applies to. If Schedule is then placed on the left of

RegistrationController, the association name should then be displayed as “ « manages”.
This is not supported by RSA/RSM.

Part | - UML2
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Association Roles

= A role name specifies the role that a
class plays in its relationship with

ther dl Reflexive
another class association
= Role names are typically names or
noun phrases [ ——
= A role name is placed near the
association next to the class to -prerequisite
which it applies (as a role)
» Each association end may be
named
= CourseOffering -instructor | Professor |- e = Department

Note: UML 2 uses the expression “association end” to designate each end of
the association. Strictly speaking a role name should therefore be called an
association end name.

Part | - UML2
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What Is Multiplicity?

= Multiplicity is the number of instances one class relates to ONE
instance of another class

= For each association, there are two multiplicity decisions to make, one
for each end of the association
» For each instance of Professor, many Course Offerings may be taught

» For each instance of Course Offering, there may be either one or zero
Professor as the instructor

= Professor | 0..1 I CourseOffering

- instructor

Part | - UML2
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Multiplicity Indicators

= Unspecified

= Exactly one

1

= Zero or more (no upper "

limit) 0.

= One or more 1

= Zero or one (optional) o1

= Specific range 2"4

= Multiple, disjoint ranges -
2,4.6

Part | - UML2
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= CourseRegistrationForm = RegistrationController

This is a note attached to a classj

0.1
I Student ESchedule =ICourseOffering

This drawing is an example of a UML class diagram. The rectangle with the upper right corner bent
(or "note symbol") in which this text occurs is a UML comment.

A class diagram typically shows classes, possibly with their attributes and/or operations, and
relationships between classes, possibly with roles, multiplicity indicators, etc. A given diagram may
only show a subset of the information that is available: here we have left out attributes and
operations, and it is likely that the RegistrationController class has relationships with other classes
like Student.

Although UML only has the notion of a comment, RSM has separate menu entries for
notes and comments. Comments in RSM map directly to comments in UML and, as
such, will appear in the model hierarchy. Notes are constructs that are bound to the
actual diagrams. If a diagram is deleted, its notes are also deleted.

Part | - UML2
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Association Classes

= Take the n-n relationship between Student and Course

= |f you have to capture the grade received by a student for a given
course, where would you place the grade? On Student? On Course?

= Student = Course

& Result

cggrade
Egexam date

= The answer is on the association itself by adding an association
class, called Result

= The association class represents the association of exactly one
student and one course

Part | - UML2
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Qualified Associations

= A qualifier is an attribute of an association whose values partition the
set of objects related to an object across an association

» A qualified association represents a lookup table (which can be implemented
as a hash table for instance)

= The multiplicity of the target class is often 0..1 but it may be 0..*
= Example:

- returneditem

[ jobld : Integer '—01 £ ReturnedItem
* e

= WorkDesk

» In the context of the WorkDesk, you'd have a jobld that would identify a
particular Returneditem. In that sense, jobld is an attribute of the
association. Then, given an object of type WorkDesk and a particular value
for jobld, you can navigate to O or 1 object of type Returneditem.

In RSM, to add a qualified association, you must right-click the association role (here
returneditem) in the Project Explorer, then select Add UML > Qualifier.

Part | - UML2
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What Is an Aggregation?

= A special form of association that models a whole-part relationship
between the aggregate (the whole) and its parts

» An aggregation is an “is a part-of” relationship
= Multiplicity is represented like other associations

=Whole =Part

Aggregation is used to model a whole-part relationship between model elements. There
are many examples of whole-part relationships: a Library contains Books, Departments
are made up of Employees, a Computer is composed of a number of Devices.

A hollow diamond is attached to the end of an association path on the side of the
aggregate (the whole) to indicate aggregation.

An aggregation relationship that has a multiplicity greater than one for the aggregate is
called shared. Destroying the aggregate does not necessarily destroy the parts. By
implication, a shared aggregation forms a graph or a tree with many roots. Shared
aggregations are used when one instance is a part of two other instances. So, the same
instance can participate in two different aggregations.

Part | - UML2
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What Is a Composition?

= A form of aggregation with strong ownership and coincident lifetimes
» The parts cannot survive the whole/aggregate

Composition is a form of aggregation with strong ownership and coincident lifetimes of
the part with the aggregate. The whole “owns” the part and is responsible for the creation
and destruction of the part. The part is removed when the whole is removed. The part
may be removed (by the whole) before the whole is removed.

A solid filled diamond is attached to the end of an association path (on the “whole side”)
to indicate composition.

Part | - UML2
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attends
* *« teaches
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Where Are We?

= Associations
==) Dependencies
= Generalizations

= Packages

= Miscellaneous Topics
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What Is A Dependency?

= A non-structural relationship between two classes
» The client needs access to the services provided by the supplier

» But doesn’t need to maintain a permanent relationship with the supplier
objects (transient relationship)

“iClient =Supplier

= A dependency may result from:
» A local declaration within the body of an operation (op1 below)
» The supplier appears as a parameter type (op2 in the example)

| Eclent | Elsupplier
public class Client { e
public void op1() { (®opl () |
Supplier localVar = new Supplier(); __
= Client > = Supplier
@ op2 (param1 : Supplier )

Part | - UML2
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Where Are We?

= Associations

= Dependencies
E=) Generalizations

= Packages

= Miscellaneous Topics

Part | - UML2
© Copyright IBM Corp. 2005-2007

Course materials may not be reproduced in whole or in part without the prior written permission of IBM.

64



OOAD with UML2 and RSM

| IBM Software Group | Rational software

What Is Generalization?

= A relationship among classes where one class shares the structure
and/or behavior of one or more classes

» A subclass inherits its parent’s attributes, operations, relationships and
constraints

» A subclass may:
= Add additional attributes, operations, relationships
= Redefine inherited operations (use caution!)
= Redefine inherited constraints but only to make them tighter

= Defines a hierarchy of abstractions in which a subclass inherits from
one or more super-classes

= Is an “is a kind of” relationship

= Single or multiple inheritance

Generalization can be defined as:

» A specialization/generalization relationship, in which objects of the specialized element (the child) are
substitutable for objects of the generalized element (the parent). (The Unified Modeling Language User
Guide, Booch, 1999.)

» The subclass may be used where the super-class is used, but not vice versa.
e The child inherits from the parent.

e Generalization is transitive. You can always test your generalization by applying the “is a kind of” rule.
You should always be able to say that your generalized class “is a kind of” the parent class.

» The terms “generalization” and “inheritance” are generally interchangeable, but if you need to
distinguish, generalization is the name of the relationship. Inheritance is the mechanism that the
generalization relationship represents/models.

Inheritance can be defined as:

« The mechanism by which more specific elements incorporate the structure and behavior of more
general elements. (The Unified Modeling Language User Guide, Booch, 1999.)

» Single inheritance: The subclass inherits from only one super-class (has only one parent).
« Multiple inheritance: The subclass inherits from more than one super-class (has multiple parents).

Part | - UML2
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ccount - owner m
Superclass, - balance : Double "
parent or - name : String
- number : String
ancestor + withdraw () o
+ createStatement () Generalization
Relationship
Subclasses, 4
children or Savings Checking - c@rds [ CreditCard
descendants |-rate: Double *
[ "=/ mySavings : Savings | Instantiating
carate = 4.0 Savings creates

g balance = 42000
Egname = M. JP Schoch
g number = 123-456789 A

only one object
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What is an Abstract Class?

= Abstract classes cannot be instantiated
» Name in italics

= Abstract operations: the subclasses must provide the implementation

» Name in ijtalics
Abstract Class

/Abstract Operation

Q Animal -

® communicate ()

=Lion = Tiger

|
[ @ communicate () & communicate () |

All objects are either lions or tigers

In UML 2, you can indicate that a redefinable element, such as an operation, is a “leaf”,
which indicates that it is not possible to further specialize the element.

Part | - UML2
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What Is An Interface?

= A “contract” between providers and consumers of services
» Equivalent to an abstract class in which all operations are abstract
» Provided interfaces: interfaces the element exposes to its environment
» Required interfaces: interfaces the element requires from other elements
» Note: UML interfaces can have attributes (not possible for Java interfaces)

= The provider of the interface is said to realize the interface

] ETheftéla'm | [ = ProximitySensor | | ETheftAlam | | =/ProximitySensor |

Interface
Realization

ISensor
O—— ProximitySensor

«Interface»

2 ISensor e ISensor
@ activate () \

ISensor
Theftalarm
(®read () | Interface

The label <<interface>> is called a stereotype. Stereotypes are formally introduced later
on in this module.
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What Is Polymorphism?

= The ability to hide many different implementations behind a single
class or interface

E Drawing - shapes g Shape
* [Rdaw ()
= Rectangle = Circle Triangle
@ draw () @draw ()| |#draw ()
Without polymorphism:
Shapes=...;
If (s instanceof Rectangle) {
((Rectangle) s).draw();
else if (s instanceof Circle) { With polymorphism:
((Circle) s).draw();
else if (s instanceof Triangle) { Shapes=...;
((Triangle) s).draw(); s.draw();

Part | - UML2
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Where Are We?

= Associations
= Dependencies

= Generalizations

E=) Packages
= Miscellaneous Topics
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What Is a Package?

= A general purpose mechanism for organizing elements into groups
= A model element that can contain other model elements

» Grouping of logically related elements
= A package can be used:

» To organize the model under development
» As a unit of configuration management

IE—‘ ud if;
B University Artifacts

| Course | CourseOffering | Professor

A Package can be defined as:

A general purpose mechanism for organizing elements into groups. (The Unified
Modeling Language User Guide, Booch, 1999.)

Models can contain hundreds and even thousands of model elements. The sheer
number of these elements can quickly become overwhelming. Therefore, it’s critical to
group model elements into logical collections to maintain and easily read the model
(application of modularity and hierarchy).

Packages are a general grouping mechanism for grouping elements into semantically
related groups. A package contains classes that are needed by a number of different
packages, but are treated as a “behavioral unit.”

A package is simply a grouping mechanism. No semantics are defined for its
instances. Thus, packages do not necessarily have a representation in
implementation, except maybe to represent a directory.

In the UML, a package is represented as a tabbed folder.

Package diagrams depict dependencies between packages and are now formalized in
UML 2.

Part | - UML2

© Copyright IBM Corp. 2005-2007 71

Course materials may not be reproduced in whole or in part without the prior written permission of IBM.



OOAD with UML2 and RSM

| IBM Software Group | Rational software

Package Relationships

= A package A depends on a package B if there is at least one element
from A that depends on at least one element from B

ClassA1 depends on
ClassB1

(any relationship
between two elements
implies a dependency
and the arrow indicates
the direction of the
dependency)

Part | - UML2
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Where Are We?

= Associations
= Dependencies
= Generalizations

= Packages

E=) Miscellaneous Topics
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What Is A Stereotype?

= A stereotype is a mechanism used to extend the vocabulary of UML
» Represented textually (<<mystereo>>) and/or graphically
» Any UML element may be stereotyped

= Stereotypes are grouped into collections of stereotypes, called profiles

= Can be defined for specific domains and/or applications
» Pre-defined or custom

= A stereotype may have its own properties

¥. RegistrationPage @

RegistrationPage

E CUSTOMER
5 «pky id
Egname
gaddress
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Classifier Scope

= Determines number of instances of
the attribute/operation

= CourseCatalog
» Instance: one instance for each e i(r:wstanc(ezuglque . CourseCatalog
class instance ourseCatalog ()

+ getlnstance () : CourseCataloge
+ refrieveCourses () : CourseList

» Classifier: one instance for all class
instances

= Classifier scope is denoted by

underlining the attribute/operation
name

public static CourseCatalog

getinstance() {

« " . . . If (instance == null) {

) “Static” attributes and operations in instance = new CourseCatalog();
languages like Java and C++ P

return instance;

}

And some client code:

CourseCatalog cat = CourseCatalog.getinstance();
CourseList courses = cat.retrieveCourses();

Part | - UML2
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Structure Diagrams

= Structure Diagrams show the static structure of the objects in a
system

» Class diagrams typically show classes and relationships between classes
= Most of the diagrams we have used so far are class diagrams

» Package diagrams typically show packages and relationships between
packages

» Object diagrams typically show objects (instances of classes) and links
between objects (instances of relationships between classes)

» The other structure diagrams (composite structure, component and
deployment) are presented in module 4

= There are no strict boundaries between different variations

» It is possible to display any element you normally display in a given structure
diagram in any variation

Class diagrams are used for a variety of purposes. According to Scott Ambler (The
Elements of UML Style, 2005), “they are used to:

» explore domain concepts in the form of a domain model,
* analyze requirements in the form of a conceptual/analysis model,
» depict the detailed design of object-oriented or object-based software.”

Any diagram that depicts only packages (and their interdependencies) is considered a
package diagram. The term “UML package diagrams” is in fact new to UML 2.

One important use of packages is to logically organize the design of your system.
Another fundamental — but possibly underestimated — use of packages is to provide a
high-level overview of the system, showing the main parts/components and their
interdependencies. This is a topic we will discuss in detail at several points in this course.

Part | - UML2
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Object Diagram: Example

IEDERVERONERIN]  hsaccessTo - map WIS Object diagrams are often used to
01 [ fndBuldng () conceptualize the more abstract class
diagrams by providing “real-world”
- parcelsToDelver - alBuidngs | examples of objects and object connections
|| Reception 1 - buiding | Building
| Parcel i [y address : String - alBuildings
Cy addresseeName : String (& findOccupant () | -reception 1
cg destinationAddress : String
* | -occupants - map \"?\Kﬂln&thedral :Building |
| Person [ ]
Egname : String alBuildings
! - EiffelTower : Building !
An object diagram also — - allBuildings
represent a snapshot %] 10DowningSt :Building
of the system ata [Cg address = "10 Downing St, London”
given time, highlighting ) - building
existing and non- ] i
existing links: Here [Eg addresseeName = "M. Prime Minister” [@l
boris needs to [ destinationAddress = "10 Downing St, London” JP—
establish a link with PM %] parcel2 : Parcel
to deliver par celt ... [Eg addresseeName = "Gustave Eiffel" _ Qm —
cy destinationAddress = "Eiffel Tower, Paris” Egname = "M. Prime Minister

The example above illustrates one use of object diagrams that is often overlooked, and
yet points to the real challenge of the object-oriented analysis and design approach:
traditional systems were focused on how to implement the algorithms of the system. In
OO algorithms are encapsulated in specialized objects and the challenge has moved to
identifying the objects that provide the correct functionality.

If we go back to our example, the class diagram makes it clear that the purpose of this
system is for a DeliveryMan to deliver Parcels to a person identified by the parcel
attributes. The object diagram shows the state of the system BEFORE the DeliveryMan
object boris has started its processing: boris has access to the parcels to deliver and to a
map, but not (yet) to the addressee (the object PM in the case of parcell). boris will use
its map to identify the correct Building using the Parcel’'s address. Having access to the
building, it can ask the Reception object (a singleton in the scope of a given building) to
identify the occupant given the addressee’s name. At that point, boris will have a
(presumably transient) link to PM and will be able to complete the processing of parcell.
Alternatively, boris could deliver the parcel to the Reception object, which, in turn, will
identify the addressee and hand over the parcel to PM. No matter what the solution is,
boris will need to obtain some kind of Receipt object (not shown here) in exchange...

Part| - UML2
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What Is A Constraint?

= A condition or restriction (a Boolean expression) expressed in natural
language text or in a machine readable language for the purpose of
declaring some of the semantics of an element

= Some are predefined in UML (“xor”), others may be user-defined

= OCL (Object Constraint Language) is a predefined language for
writing constraints

= Person = Stack
Egsize : Integer

oo ()
# pop () {self.size > 0}

= Account I ﬁ
{self.boss->isEmpty() or self.employer j

' = self.boss.employer}

= Corporation

- empl
ClPerson |_cmPiovees 0.1

-/ Company
- boss *

- employer

{ordered}

RSM Implementation Note: The use of a note to express the constraint is optional in
UML. For instance, it should be possible to draw a dashed line with the label “xor”
between the Account-Person and Account-Corporation associations. In RSM, the use of
the note symbol is imposed in most cases: in our example, the exception is “ordered” that
applies to the employees role.

RSM has a built-in OCL editor with completion lists. The 2 examples on the right were
written using this editor.
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Exercise

= Perform the exercise provided by
the instructor (lab 2)
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Object-Oriented Analysis and Design with UML2 and
Rational Software Modeler

04. Other UML Diagrams

software

(@business on demand software

© 2005-2007 IBM Corporation
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The Taxonomy of Diagrams in UML 2.1

Diagram

f
[ 1

Structure Behavior
Diagram Diagram

|
Class Diagram ’4‘-:';_:-'5-\ Object
Diagram v Diagram Diagram v

% chapter v on Diagram Diagram 2
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Composite Structure Diagrams

= A composite structure diagram can be used to
represent the internal structure of a classifier, for instanc¢ a'class

» Allows to show details otherwise not visible on other diagrams: Parts

To which wheels is Har|

- leftFront

= car

"

associated each
axle?
rightFront : Wheel rightRear : Wheel

- rightFront
1

-wheels

1

- frontAxle
) | 2 |
- backAxle leftFront : Wheel leftRear : Wheel

1 - leftRear

© Copyright IBM Corp. 2005-2007

2

-axle

\(Assembly) Connector

= |Internal structure of the classifier shown using parts and connectors in
the structure compartment or in a structure diagram

= External structure described using ports, “collection points” for the
’s provided and required interfaces (see example next slide)
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In RSA, you can either show the structure compartment on the class of interest in any
class diagram (as is the case in our example) or create a separate composite structure
diagram (right-click on the class > Add Diagram > Composite Structure Diagram). The

advantage of the separate diagram is that it has its own palette.
To show/hide compartments, you can either right-click > Filters > Show/Hide

Compartment > Structure Compartment or, even better, work from the Properties view,

Appearance tab.

© Copyright IBM Corp. 2005-2007
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Components

= Definition of a component:

» Specifies a formal contract of the
services that it provides to its clients
(provided interfaces) and those that

«interface»
2 OrderEntry
it requires from other components A

or services in the system (required § i «interface»

«use» terface:

2 OrderableItem

1 i Ren ] «use»
interfaces) feeeees ekl ZPerson
» Can be replaced at design time or . ‘
run-time by a component that offers Always include the component
R . . stereotype text and/or icon.
equivalent functionality based on Otherwise, it is interpreted as a class.

compatibility of its interfaces
= Components can be used to: N
External View
» Provide a high-level, architectural
view of the system o~ OrderEntry «component»

“10rder

» Represent the logical components «component» Reqared Ineriaces
that will be running on the physical “JOrder & person
systems £ Orderableltem

Provided Interfaces
) J-Orderableltem B OrderEniry
Three views of the same component P> J-Person

The relationship between a component and an interface is an interface realization. UML2
introduces also a component realization for a component to realize (or implement)
other classifiers, including other components.

Part | - UML2
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Subsystems

= A subsystem is a specialized version of a
component, but it does not add anything to it <subsyste

#Reservation

» The decision to use a subsystem vs. a component is
up to the methodology of the modeler

» Subsystems are often equated to larger components
» Component stereotyped <<subsystem>>

» Note: There are other pre-defined UML2 component stereotypes (e.g.
<<implement>>, <<specification>>, <<process>>, <<service>>)

Part | - UML2
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Artifacts

= An artifact is the specification of a physical
piece of information that is used or
produced by a software development
process, or by deployment and operation

of a system

» Examples: source files, scripts, and binary OrderEntry
executable files A

» Standard UML stereotypes: «manifest
<<document>>, <<executable>>, <<file>>, I
<<library>>, <<script>>, <<source>> i

Order.jar

= The physical rendering of one or more
model elements by an artifact is shown
with a <<manifest>> dependency

» May be further stereotyped (e.g. <<tool
generated>>)

= Artifacts may have composition
associations to other artifacts that are
nested within it

Part | - UML2
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upon which artifacts may be
deployed for execution

» Examples: application server, client
workstation, mobile device,

Nodes

= Nodes can be connected to
represent a network topology by
using communication paths Q
» Specific network topologies can SAZ
then be defined through links Internet
between node instances

= Hierarchical nodes (i.e., nodes
within nodes) can be modeled using
composition associations, or by

defining an internal structure @

Deployment: Nodes and Communication Paths

= A node is computational resource ﬁ
(CJAppServer
E3

Communication path

1

embedded device

N
I

ﬁ}\ Wireless =
aptop
*
‘)

a

Router

Ethernet

1

Printer Server

LaserPrinter
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Deploying Artifacts

= A deployment is the allocation of an

RSM

artifact or artifact instance to a tJserver1 : AppServer
deployment target Deployments Graphical

= A deploymen_t specificatior_1 can be — .. e T RS
used to specify the execution

parameters of a component artifact
that is deployed on a node

lgserverl:A

«deploy»","' “~.‘f<deploy»
Tlservert : AppServer
N

TN

.......... > ) . in t.jar

i <) T Vs pcD Order.]ar
DS 5 1 OrderDesc.xml

«deploy» Egexecution = thread
: g transaction = true

= : Order.jar (including the d

Two equivalent visual representations of the A
deployment of artifacts to a deployment target
ependency between the artifacts)

Part | - UML2
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Deployment: Execution Environments

= An Execution Environment is a node
that offers an execution
environment for specific types of

components that are deployed on it ﬁ
in the form of executable artifacts Deployments Textual
» Examples: OS, workflow engine, BAccoriy
. -~ ShoppingCart. jar
database system, J2EE container 50rder.jar
& Product. jar

= Execution Environment instances
are assigned to node instances by
using composite associations (the
Execution Environment plays the
role of the part)

= Execution Environments can be
nested (e.g., a database Execution
Environment may be nested in an
operating system Execution
Environment)

Part | - UML2
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Deployment: Devices

(JMyHTMLClient
= A Device is a physical
computational resource with JWebBrowser ER— ﬂ
processing capability upon "
which artifacts may be http 2

deployed for execution (JMyServer
Nested nodes Graphical

2

= Devices may be complex (i.e.,
they may consist of other (-JWebServer | [©IMyAppServer ‘

Vi \
devices) =/MyHTMLPages |- {25/ EiMyApp.ear
1

MvDBServell'
A complete deployment diagrams with devices, L
execution environments and artifacts | 2 JDBMS
| = MyDBSchema.dd| I

An Execution Environment is a node that offers an execution
environment for specific types of components that are deployed on
it in the form of executable artifacts

Examples: OS, workflow engine, database system, J2EE container

Execution Environment instances are assigned to node instances
by using composite associations (the Execution Environment plays
the role of the part)

Execution Environments can be nested (e.g., a database
Execution Environment may be nested in an operating system
Execution Environment)

Part | - UML2
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State Machine Diagrams

C+University Application |
":'t;al States = I Registered
state
@ Assia;rcweuﬁgue ID sicenicn.
r ® © work
© Application SubmittedJ
Guard o (favorable]

Transition condition
\ & Second Year
“Do” return @ T

activity [sufficient grades]

[rejected] & Sabbatical Year
departure
O travel
[sufficient grades]
Cg<—{ @ Fourth Year
R [sufficien] grades]

A state machine diagram describes the states an object or interaction may be in, as
well as the transitions between states. Typically used to explore the design of a complex
class or component.

The diagram above uses the notion of history. If a transition terminates on a shallow
history pseudostate (as the return transition in our example), the active substate
becomes the most recently active substate prior to this entry, unless the most recently
active substate is the final state or if this is the first entry into this state. In the latter two
cases, the default history state is entered. This is the substate that is target of the
transition originating from the history pseudostate.

Deep history entry : The rule here is the same as for shallow history except that the rule
is applied recursively to all levels in the active state configuration below this one.

Part| - UML2
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C‘:ontrol node (decision)

B

Re

Action Control node (fork and join)

quested Order

<cl
i [Order Accepted] Cg

Activity parameter m e Payment —
Output pin el \
<<datastore>> |np|-|t pm

|nvo|ce

/

Object node (data store)
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Activity Diagrams (cont.)

Activity diagram with partitions P>

Activity diagram with Send / Receive
Signal Actions ¥

[
a2 Activityl |

I

D Part Requirement

©Standard Part Search

art found]

(@ Provided Required Part

) —
é

[Partprov]

ded]
&

L) Accept Signal
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Use Case Diagrams Use Case

«extend»
== Gy

’_/ Place Rush Order
Custo
mn

_«include»

Place Order -
er Extension Points NN Salesperson
Delivery Options
7 ge Payment
fi—

ol M
Corporate Customer ||l o, |0

CashPayment  Credit Payment
Individual Customer «system»

Payment ProcessqQr
Optional system —
boundary Some authors recommend stereotyping system actors

An actor models a type of role played by an entity that interacts with the system, but
which is external to the system. Actors may represent roles played by human users,
external hardware, or other systems.

An actor is active (initiates a use case) or passive.

Some authors, like Scott Ambler (The Elements of UML 2.0 Style, 2005), recommend
stereotyping system actors

A use case is the specification of a set of actions performed by a system, which yields
an observable result that is, typically, of value for one or more actors.

An include relationship between two use cases means that the behavior defined in the
including use case is included in the behavior of the base use case. The include
relationship is intended to be used when there are common parts of the behavior of two
Or more use cases.

An extend relationship means that the extending use case continues the behavior of a
base use case by inserting additional action sequences. The extending use case can
only extend the base use case at specific extension point and only when the extension
conditions (if any) are fulfilled.

Part | - UML2
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