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Lect ur e 11:
Obj ect  Or ient ed Modelling

! Object Oriented Analysis
! Rat ionale
! I dent if ying Classes

! At t r ibut es and Oper at ions

! UML Class Diagrams
! Associat ions
! Mult iplicit y

! Aggr egat ion
! Composit ion
! Gener alizat ion
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Application Domain Machine Domain

D - domain properties

R - requirements

C - computers

P - programs

Requir ement s & Domain Models

! Our analysis models should É
! Ér epr esent  people,  physical t hings and concept s impor t ant  t o our

under st anding of  what  is going on in t he applicat ion domain

! Éshow connect ions and int er act ions among t hese people,  t hings and concept s.

! Éshow t he business sit uat ion in enough det ail t o evaluat e possible designs.

! Ébe or ganized t o be usef ul lat er ,  dur ing design and implement at ion of  t he
sof t war e.

! Éallow us t o check whet her  t he f unct ions we will include in t he specif icat ion
will sat isf y t he r equir ement s

! Ét est  our  under st anding of  how t he new syst em will int er act  wit h t he wor ld

Reminder :  we ar e modeling t his and t his É É É É but  not  t his
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Obj ect  Or ient ed Analysis

! Background
! Model t he r equir ement s in t er ms of  obj ect s and t he ser vices t hey pr ovide
! Gr ew out  of  obj ect  or ient ed design

" Applied t o modelling t he applicat ion domain r at her  t han t he pr ogr am

! Motivation
! OO is (claimed t o be) mor e Ônat ur alÕ

" As a syst em evolves,  t he f unct ions it  per f or ms need t o be changed mor e of t en
t han t he obj ect s on which t hey oper at eÉ

" Éa model based on obj ect s (r at her  t han f unct ions) will be mor e st able over  t imeÉ
" Éhence t he claim t hat  obj ect - or ient ed designs ar e mor e maint ainable

! OO emphasizes impor t ance of  well- def ined int er f aces bet ween obj ect s
" compar ed t o ambiguit ies of  dat af low r elat ionships

NOTE: OO applies to requirements engineering because it is a modeling tool.  But
we are modeling domain objects, not the design of the new system
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Near ly anyt hing can be an obj ect É

! Ext er nal Ent it ies
! Ét hat  int er act  wit h t he syst em being

modeled
" E.g. people, devices, other systems

! Things
! Ét hat  ar e par t  of  t he domain being

modeled
" E.g. reports, displays, signals, etc.

! Occur r ences or  Event s
! Ét hat  occur  in t he cont ext  of  t he

syst em
" E.g. transfer of resources, a control
action, etc.

! Roles
! played by people who int er act  wit h

t he syst em

! Or ganizat ional Unit s
! t hat  ar e r elevant  t o t he applicat ion

" E.g. division, group, team, etc.

! Places
! Ét hat  est ablish t he cont ext  of  t he

pr oblem being modeled
" E.g. manufacturing floor, loading
dock, etc.

! St r uct ur es
! t hat  def ine a class or  assembly of

obj ect s
" E.g. sensors, four-wheeled vehicles,
computers, etc.

Some things cannot be objects:
! procedures (e.g. print, invert, etc)
! attributes (e.g. blue, 50Mb, etc)

Source: Adapted from Pressman, 1994, p242



University of Toronto Depar t ment  of  Comput er  Science

© 2004-5 Steve Easterbrook. This presentation is available free for non-commercial use with attribution under a creative commons license. 5

What  ar e classes?

! A class descr ibes a gr oup of  obj ect s wit h
! similar  pr oper t ies (at t r ibut es),

! common behaviour  (oper at ions),

! common r elat ionships t o ot her  obj ect s,
! and common meaning (Òsemant icsÓ).

! Examples
! employee:  has a name,  employee#  and depar t ment ;  an employee is hir ed,  and f ir ed;  an

employee wor ks in one or  mor e pr oj ect s

: empl oyee
name
empl oyee#
depar t ment

hi r e( )
f i r e( )
assi gnpr oj ect ( )

Name (mandatory)
Attributes
 (optional)

Operations
 (optional)
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Finding Classes

! Finding classes from source data:
! Look f or  nouns and noun phr ases in st akeholder sÕ descr ipt ions of  t he pr oblem

" include in t he model if  t hey explain t he nat ur e or  st r uct ur e of  inf or mat ion in t he
applicat ion.

! Finding classes f rom other sources :
! Reviewing backgr ound inf or mat ion;
! User s and ot her  st akeholder s;

! Analysis pat t er ns;

! It Õs better to include many candidate classes at first
! You can always eliminat e t hem lat er  if  t hey t ur n out  not  t o be usef ul
! Explicit ly deciding t o discar d classes is bet t er  t han j ust  not  t hinking about

t hem
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Select ing Classes

! Discard classes for concepts which:
! Ar e beyond t he scope of  t he analysis;
! Ref er  t o t he syst em as a whole;

! Duplicat e ot her  classes;
! Ar e t oo vague or  t oo specif ic

" e. g.  have t oo many or  t oo f ew inst ances

! Coad & Your donÕs cr it er ia:
" Ret ained inf or mat ion:  Will t he syst em need t o r emember  inf or mat ion about  t his

class of  obj ect s?
" Needed Ser vices:  Do obj ect s in t his class have ident if iable oper at ions t hat

change t he values of  t heir  at t r ibut es?
" Mult iple At t r ibut es:  I f  t he class only has one at t r ibut e,  it  may be bet t er

r epr esent ed as an at t r ibut e of  anot her  class
" Common At t r ibut es:  Does t he class have at t r ibut es t hat  ar e shar ed wit h all

inst ances of  it s obj ect s?
" Common Oper at ions:  Does t he class have oper at ions t hat  ar e shar ed wit h all

inst ances of  it s obj ect s?

! Ext er nal ent it ies t hat  pr oduce or  consume inf or mat ion essent ial t o t he
syst em should be included as classes
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Fred_Bloggs : Employee

name: Fred Bloggs
Employee #: 234609234
Department: Marketing

Obj ect s vs.  Classes

! The instances of a class are called objects.
! Obj ect s ar e r epr esent ed as:

! Two dif f er ent  obj ect s may have ident ical at t r ibut e values (like t wo people
wit h ident ical name and addr ess)

! Objects have associations with other objects
! E. g.  Fr ed_Bloggs: employee is associat ed wit h t he Killer App: pr oj ect  obj ect

! But  we will capt ur e t hese r elat ionships at  t he class level (why?)
! Not e:  Make sur e at t r ibut es ar e associat ed wit h t he r ight  class

" E. g.  you donÕt  want  bot h manager Name and manager #  as at t r ibut es of  Pr oj ect !
(ÉWhy??)
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Associat ions
! Objects do not exist in isolation from one another

! A r elat ionship r epr esent s a connect ion among t hings.
! I n UML,  t her e ar e dif f er ent  t ypes of  r elat ionships:

" Associat ion
" Aggr egat ion and Composit ion
" Gener alizat ion
" Dependency
" Realizat ion

! Not e:  The last  t wo ar e not  usef ul dur ing r equir ement s analysis

! Class diagrams show classes and their relationships



University of Toronto Depar t ment  of  Comput er  Science

© 2004-5 Steve Easterbrook. This presentation is available free for non-commercial use with attribution under a creative commons license. 10

Associat ion Mult iplicit y
! Ask questions about the associations:

! Can a campaign exist  wit hout  a member  of  st af f  t o manage it ?
" I f  yes,  t hen t he associat ion is opt ional at  t he St af f  end -  zer o or  mor e (0. . * )
" I f  no,  t hen it  is not  opt ional -  one or  mor e (1. . * )
" I f  it  must  be managed by one and only one member  of  st af f  -  exact ly one (1)

! What  about  t he ot her  end of  t he associat ion?
" Does ever y member  of  st af f  have t o manage exact ly one campaign?
" No.  So t he cor r ect  mult iplicit y is zer o or  mor e.

! Some examples of specifying multiplicity:
! Opt ional (0 or  1) 0. . 1
! Exact ly one 1 = 1. . 1
! Zer o or  mor e 0. . * = *
! One or  mor e 1. . *
! A r ange of  values 2. . 6
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Class associat ions

:StaffMember

staffName
staff#
staffStartDate

:Client

companyAddress
companyEmail
companyFax
companyName
companyTelephone

1 0..*liaises with
contact
person

ClientList

Name 
of  t he

associat ion

Mult iplicit y
A st af f  member  has 

zer o or  mor e client s on
His/ her  client List

Mult iplicit y
A client  has 

exact ly one st af f member
as a cont act  per son

Dir ect ion
The Òliaises wit hÓ

associat ion should be
r ead in t his dir ect ion

Role
The client sÕ r ole

in t his associat ion
is as a client List

Role
The st af f member Õs

r ole in t his associat ion
is as a cont act  per son
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Mor e Examples
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Associat ion Classes
! Sometimes the association is itself a class

! Ébecause we need t o r et ain inf or mat ion about  t he associat ion
! Éand t hat  inf or mat ion doesnÕt  nat ur ally live in t he classes at  t he ends of  t he

associat ion
" E. g.  a Òt it leÓ is an obj ect  t hat  r epr esent s inf or mat ion about  t he r elat ionship

bet ween an owner  and her  car

:car

VIN(vehicle Id Number)
YearMade
Mileage

:person

Name
Address
DriversLicenceNumber
PermittedVehicles

0..* 1owns
owner

:title
yearbought
initialMileage
PricePaid
LicencePlate#
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Aggr egat ion and Composit ion
! Aggregation

! This is t he ÒHas- aÓ or  ÒWhole/ par t Ó r elat ionship

! Composition
! St r ong f or m of  aggr egat ion t hat  implies owner ship:

" if  t he whole is r emoved f r om t he model,  so is t he par t .
" t he whole is r esponsible f or  t he disposit ion of  it s par t s

:Engine

:Person

:Car :Train
1

0..1 0..1

1..*

passengersdriver 1

1

0..1

0..*

composition

aggregation

:Locomotive
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Gener alizat ion

! Notes:
! Subclasses inher it  at t r ibut es,  associat ions,  & oper at ions f r om t he super class
! A subclass may over r ide an inher it ed aspect

" e. g.  AdminSt af f  & Cr eat iveSt af f  have dif f er ent  met hods f or  calculat ing bonuses

! Super classes may be declar ed {abst r act },  meaning t hey have no inst ances
" I mplies t hat  t he subclasses cover  all possibilit ies
" e. g.  t her e ar e no ot her  st af f  t han AdminSt af f  and Cr eat iveSt af f
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Mor e on Gener alizat ion
! Usefulness of generalization

! Can easily add new subclasses if  t he or ganizat ion changes

! Look for generalizations in two ways:
! Top Down

" You have a class,  and discover  it  can be subdivided
" Or  you have an associat ion t hat  expr esses a Òkind of Ó r elat ionship
" E.g. “Most of our work is on advertising for the press, that’s newspapers and

magazines, also for advertising hoardings, as well as for videos”
! Bot t om Up

" You not ice similar it ies bet ween classes you have ident if ied
" E. g.  “We have books and we have CDs in the collection, but they are all filed

using the Dewey system, and they can all be lent out and reserved”

! But don Õt  generalize just for the sake of it
! Be sur e t hat  ever yt hing about  t he super class applies t o t he subclasses
! Be sur e t hat  t he super class is usef ul as a class in it s own r ight

" I . e.  not  one t hat  we would discar d using our  t est s f or  usef ul classes

! DonÕt add subclasses or  super classes t hat  ar e not  r elevant  t o your  analysis
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Class Diagr ams

: pat ient

Name
Date of Birth
Height
Weight

: I n- pat ient

Room
Bed
Physician

: Out - pat ient

Last visit
next visit
physician

: hear t

Normal bpm
Blood type

: eye

Colour
Diameter
Correction

: kidney

Operational?

generalization

aggregationClass name

attributes

services 0. . 1

1

1. . 2

0. . 1

0. . 2

0. . 1
multiplicities

: or gan

Natural/ artif .
Orig / implant
donor
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Summar y

! Understand the objects in the application domain
! I dent if y all obj ect s t hat  st akeholder s r ef er  t o
! Decide which obj ect s ar e impor t ant  f or  your  analysis

! Class diagr ams good f or :
" Visualizing r elat ionships bet ween domain obj ect s
" Explor ing business r ules and assumpt ions via mult iplicit ies
" Specif ying t he st r uct ur e of  inf or mat ion t o be (event ually) st or ed

! OO is a good way to explore details  of the problem
! Avoids t he f r agment ar y nat ur e of  st r uct ur ed analysis

! pr ovides a coher ent  way of  under st anding t he wor ld

! But beware É
! t empt at ion t o do design r at her  t han pr oblem analysis

" I n RE,  class diagr ams DO NOT r epr esent  pr ogr amming (e. g.  J ava) classes

! For  analysis,  use UML diagr ams as sket ches,  not  as bluepr int s
" But  may become bluepr int s when used in a specif icat ion


