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ICS 121 Topic 10:
Object-Oriented
Analysis and Design

Object Modeling Technique
Unified Modeling Language
ClassModeling
Dynamic Modeling

Design - Review

¢ Design transforms requirements into
— an architecture diagram
« subsystems, modules and their relationships
— adetailed design

« aspecification of the abstract interf ace, data structures, and algori thms
of each module

¢ Also develops
— areview plan for ensuring the design meets the requirements
— atest plan for ensuring the implementation meets the design
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Object-Oriented Analysis and Design

¢ Object-Oriented Design is the “design phase”

— functional modeling — E-Rdiagrams
— classmodeling
— dynamic modeling

¢ These steps focus on

— actions

— and their rel ationshi ps definition
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« Semi-formal technique ¢ Reuses familiar tools

¢ Object-Oriented Analysis is the “requirements phase”
- an alternative semi-formal technique focused on objects in real world

- refine object definitions and their interactions until “im plem entable”

— Finite State Machines
— Dataflow diagrams
« Steps and diagrams

— data — aretypically performedin
paralel aterinitial class

— must be kept in synch

Object Modeling Technique (OMT)

¢ OMT [Rumbaugh et al.,1991] consists of
— building three complementary models of the system
— adding implementation details to the models
— implementing the models
e OMT includes a set of
— phases [processes]
— diagramming techniques
¢ OMT has four phases
— object-oriented analysis builds a real-world model
— system design determines overall architecture of system
— object design decides upon data structures and algorithms
— implementation translates design into programming language

OMT Stages and Models

Analysis
- Model of real-world situation
- What ?

System Design
- Overall architecture (sub-systems)

Object Design
- Refinement of Design
- Algorithms/data structures to
implement each class
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Implementation
- Translation of object classes and
relationships to a particular
object-oriented language

time
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Unified Modeling Language

¢ The Three Amigos join forces to form asingle UML
— Grady Booch at Rational has his own technique
« Object-Oriented Analysis and Design [Booch, 1994]
— 1994: Jim Rumbaugh joins Rational

« Object Modeling T echnique [Rumbaugh, et.al . 1991]
* UML isinitiated as acombination of the modelsin OMT and OOAD

— 1995: Ivar Jacobson joins Rational
« Object-Ori ented Sof tware Engineering [Jacobson, et.d., 1992]
« the use case model is added to UM L
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Object-Oriented Modeling

« Builds areal -world model from requirements
— client interviews
— domain knowledge
— real-world experience

« The model addresses three aspects of objects
— overall functionality
— class structure and relationships
— sequencing of interactions and events
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OMT Analysis and Design: Steps

« Functional Modeling
¢ ClassModeling
¢ Dynamic Modeling

« Refine the Class M odel (add Operations)

« |terate and refine all models

— After thefirst iteration, steps may occur in parallel
or out of order

— All models must be kept in synch as changes are made
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Classes, Attributes and Operations

« Attributes define the properti es of the objects

— every instance of the class has the same attributes

— an attribute has a data type

— the values of the attributes may differ among instances
« Operations define the behavi or of the objects

— action performed on or by an object

— available for al instances of the class

— need not be unique among classes

Class Attributes Operations
bal | radi us, weight catch, throw
f oot bal | air pressure pass, ki ck, hand-off
basebal | i veness hit, pitch, tag
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UML Models

¢ Use Case Model
(takes the place of the functional model in OMT)
— user orientation

— what does the system do? how are various results computed
(without regard to sequence)?

¢ ClassModel
— static structure
— what objects are in the system? how are they related?
¢ Dynamic Model
— behavioral aspects
— what events occur, when do they occur and in what order?
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Class Modding

Identify objects and classes

* Prepare adatadictionary

« |dentify associations between objects

Identify class attributes and initial set of operations
« Organize object classes using inheritance
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Object Model Notation, review

Class Name

Instancev ariablel
InstanceV ariable2: type

Method1)
Method2(arguments) return type|

Classes ae represented as rectangles;

The classnameis at the top, foll owed by attributes
(instance variables) and methods (operations)

Depending on context some information can be
hidden such as types or method arguments

(Class Name)

InstanceVariablel = value
InstanceV ariable2: type

MethodL)

Spring 2000
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\Methoc2(argumerts) retun type /

Objects are represented asrounded rectangles;

The object’s name is itsclassname surrounded by
parentheses

Instancevariables can display the values that they
have been assigned; pointer typeswill of ten pant
(not shown) to the object being referenced

OOAD
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Object Instantiation Notation

Class Name

Class
attribute_1: data_type_1 = default_1
attribute_2: data_type_2 = default_2

attribute_m: data_‘t.y.pe_m = default_m

(Class Name)

attribute_1 = value_1

Instance !
attribute_2 = value _2
attribute_m = value _m
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Inheritance

¢ Classeswith a set of similar attri butes and operations
may be organized into a hierarchical relationship

« Common attributes and operations are factored out and
assigned to abroad superclass (generalization)
— generalization isthe “is-a’ relationship
— superclasses are ancestors, subclasses are descendants

¢ A classcan beiteratively refined into subclasses that
inherit the attri butes and operations of the superclass
(speci alization)
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Instantiaion: example
name Joe Smith
age age=39
weight weight=158
Mary Wilson
age=27
weight=121
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Object Inheritance Notation
Generalization
Superclass
Class Ball
Attributes Radius, Weight
Operations Throw, Catch
Subclasses
Football Baseball Basketball
air pressure liveness air pressure , dimples
pass, kick, hand-off hit, pitch, tag shoot, dribble, pass
Specialization
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Association and Links

« An association is arelation among two or more classes
describing a group of links, with common structure and
semantics

¢ Alink isarelationship or connection between objects
and is an instance of an association

¢ A link or association isinherently bi-directional

— the name may imply a direction, but it can usually be inverted

— the diagram is usually drawn to read the link or association
from left to right or top to bottom

* A roleisoneend of an association
— roles may have names
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Object Associaion Notation

Class, Association, and Roles

Spring 2000

C
Person Works For ompany
equivalent

c |

ompany Employs Person
Employer Employee
Object and Link
P, C
(Person) Works For (Company)
Johnson IBM
Toj ic 10 OOAD 18
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Association and Links Multiplicity of Associations
_ « Multiplicity isthe number of instances of one class that
Country has capitel City Class i may relate to asingle instance of an associated class
ass diagram
- 1-to-1 - 1

*

— 1-to-m 0 or more) B

(Country) has-capital (City) ay ( ) i 0..1

— 1-to-(zero-or-ore) ‘optiond’ ———

— 1-to-(one-or-more) ‘required ———

(Country) has-capital (City) — 1-to-n - n

fretance dagram

(Country) has-capital (City)
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OMT Multiplicity Notation Association Class
« Enablesyou to add attributes, operations and other
featuresto associations
Instructor |« 1oach N Courses
* Person works-for C
Enroll name
6.65 agzrrT;ZS Job
salary
Each course has at least one instructor and Student job title
between 6 and 65 students enrolled
A student may enroll in many courses
An instructor may teach many courses
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Aggregation Object Aggregation Notation
¢ Aggregation is aspecial form of association that
indicates a“part-of” relationship between awhole and its
parts
¢ Useful when the parts do not have independent exi stence
— A partis subordinate to the whole A\
« |n an aggregati on, properties and operations may be
propagated from the whole to its parts ‘ ‘ ‘
‘ TitleBar ‘ ‘ ScrollBar ‘ ‘ Border ‘
M 10 OOAD 23 M 10 OOAD 24
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Multilevel aggregation An Example

FastData Inc. wants a subsystem to process office supply
1 orders viathe Web. The user will supply viaaform their
name, password, account number, and alist of supplies
aong with an indi cation of the quantities desired. The
subsystem will validate the input, enter the order into a

l.." 1 ‘ 0,,1‘ 1 ‘

‘ Monitor ‘ ‘SYStem bOX‘ ‘ Mouse ‘ ‘ Keyboard ‘ database, and generate areceipt with the order number,
expected ship date, and the total cost of the order. If the
Y validation step fails, the subsystem will generate an error
A ] ] 1] message describing the cause of the failure.
‘ Chassis ‘ ‘ cpuU ‘ ‘ RAM ‘ ‘ Fan ‘
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Purpose of Example Concise Problem Definition
* Wewill demonstrate the UML using this example « Define the problem concisely

— Class modeling will be done first — Use only asingle sentence
— Dynamic and Functional modeling will occur next lecture
— Detailed design will also occur next lecture » “FastData, Inc. empl oyees may order of fice suppliesvia

« Things to remember the Web and receive areceipt confirming the order”

— This example does not demonstrate how the technique is
applied to ALL problems. Be sure to distinguish between the Thisisthefirst step towards identi fying the classes of
details of the example and the details of the technique! the subsystem

— Ask questions if you do not understand!
— You will have to apply this technique in Homework 5!
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Informal Strategy Formalize the Strategy
« |dentify the constraints governing the system « |dentify the nouns of the description, which serve asthe
— Use only asingle paragraph basis for identifying the subsystem’s classes.
) o — Look for out-of-domain nouns (and throw them out!)
“FastData, Inc. employees may order office supplies viathe — Look for abstract nouns (use these for attributes)

Internal Web and receive a receipt confirming the order. The
order must include the user name, user password, account
number, and the list of supplies. A receipt must be generated
containing an order number, ship date, and total cost. If the
order isvalid, it must be entered into an order database. If the
order isinvalid, an error message must be generated.”

— The remaining nouns are good candidates!

“FastData, Inc. employees may order office supplies viathe
Internal Web and receive a receipt confirming the order. The
order must include the user name, user password, account
number, and the list of supplies. A receipt must be generated
containing an order number, ship date, and total cost. If the

» We now have more information to be used in identifying order isvalid, it must be entered into an order database. If the
classes for the subsystem order isinvalid, an error message must be generated.”
M 10 OOAD 29 M 10 OOAD 30
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Nouns ClassModd
¢ Out-of-Domain « Good Candidates
— Internal Web — employee employee order order DB
« Abstract — item (was of fice supplies)
i name number
_ — receipt
user name password account
— user password — order total cost
— account number — order database
— order number — error message
~ ship date * Notes
— total cost — We have decided not to worry N N
— list of supplies about the Web in this design. error message receipt item
N : : Instead wefocus on the inputs :
— dffice supplies -> item explanation order number name
3nd chJutput? land defer the Web ship date quantity
etails until | ater. total cost price
TDEClO OOAD 31 TDEClO OOAD 32

Class Modé, continued Class Modd, relationships
Since both receipts and error messages will be generated as output
it might make sense to have them as subclasses of a more general employee order DB
class. We do not know enough yet to assign it attributes however. name 1 * * 1
password gig;t;irt
1 j total cost 1
response 1
$ 0.1 0.1 1.
I ] error message receipt item
error message receipt explanation order number name
K ship date quantity
explanation order number total cost rice
ship date P
total cost
TDEC 10 OOAD 33 M 10 OOAD 34
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