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Requirements AnalysisRequirements AnalysisRequirements AnalysisRequirements Analysis
At a technical level, SE begins with a building At a technical level, SE begins with a building 
an analysis model of a target systeman analysis model of a target systeman analysis model of a target systeman analysis model of a target system
Requirements analysis Requirements analysis 

specifies software’sspecifies software’s operationaloperational characteristicscharacteristicsspecifies software s specifies software s operationaloperational characteristicscharacteristics
indicates software's indicates software's interfaceinterface with other system with other system 
elements elements 
establishes establishes constraintsconstraints that software must meetthat software must meet

ObjectivesObjectives
T d ib h t th t iT d ib h t th t i1.1. To describe what the customer requiresTo describe what the customer requires

2.2. Establish a basis for the creation of a SW designEstablish a basis for the creation of a SW design
33 To define a set ofTo define a set of requirementsrequirements that can bethat can be validatedvalidated
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3.3. To define a set of To define a set of requirementsrequirements that can be that can be validatedvalidated
once the software is built once the software is built 



Requirements AnalysisRequirements AnalysisRequirements AnalysisRequirements Analysis
Requirements analysis allows the software engineer Requirements analysis allows the software engineer 
ttto:to:

elaborate on basic requirements established during earlier elaborate on basic requirements established during earlier 
requirement engineering tasksrequirement engineering tasksrequirement engineering tasks requirement engineering tasks 

see Ch 7. “Requirements Engineering” see Ch 7. “Requirements Engineering” 
build models that depictbuild models that depictbuild models that depict build models that depict 

user scenarios user scenarios 
functional activitiesfunctional activities
problem classes and their relationshipsproblem classes and their relationships
system and class behaviorsystem and class behavior
the flow of data as it is transformed.the flow of data as it is transformed.
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the flow of data as it is transformed. the flow of data as it is transformed. 



A BridgeA BridgeA BridgeA Bridge

system 
description

analysis 
model

designdesign 
model
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ElementsElements of the Analysis Modelof the Analysis ModelElementsElements of the Analysis Modelof the Analysis Model

Scenario-based Flow-orientedScenario based 
Elements
-Use cases
-Activity diagrams
S i l di

Flow oriented 
Elements
-Data-flow diagrams
-Control-flow diagrams
P i ti

Analysis Analysis 
-Swimlane diagrams -Processing narratives 

ModelModel
Class-based Elements
-Class diagrams

Behavioral Elements
-State diagrams g

-CRC models
-Collaboration diagrams 

g
-Sequence diagrams  
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Rules of ThumbRules of ThumbRules of ThumbRules of Thumb
1.1. The model should focus on requirements that are The model should focus on requirements that are visiblevisible within the within the 

problem or business domainproblem or business domainproblem or business domain. problem or business domain. 
The level of abstraction should be The level of abstraction should be relativelyrelatively highhigh. . 

2.2. Each element of the analysis model should Each element of the analysis model should 
add to an overall understanding of software requirementsadd to an overall understanding of software requirementsadd to an overall understanding of software requirementsadd to an overall understanding of software requirements
provide insight into the provide insight into the 

information domain information domain 
function of the systemfunction of the systemfunction of the systemfunction of the system
behavior of the systembehavior of the system

3.3. Delay consideration of infrastructure and other nonDelay consideration of infrastructure and other non--functional models functional models 
until design. until design. gg

4.4. Minimize coupling throughout the system. Minimize coupling throughout the system. 
5.5. Be certain that the analysis model provides value to Be certain that the analysis model provides value to all stakeholdersall stakeholders. . 
66 Keep the model as simple as it can beKeep the model as simple as it can be
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6.6. Keep the model as simple as it can be. Keep the model as simple as it can be. 



Domain AnalysisDomain AnalysisDomain AnalysisDomain Analysis
Software domain analysis is the identification, analysis, and specification Software domain analysis is the identification, analysis, and specification 
of of commoncommon requirementsrequirements from a specific application domain, typically for from a specific application domain, typically for 
reusereuse on multiple projects within that application domain . . . [on multiple projects within that application domain . . . [ObjectObject--
oriented domain analysis isoriented domain analysis is] the identification, analysis, and specification ] the identification, analysis, and specification yy ] , y , p] , y , p
of common, reusable capabilities within a specific application domain, in of common, reusable capabilities within a specific application domain, in 
terms of common objects, classes, subassemblies, and frameworks . . .terms of common objects, classes, subassemblies, and frameworks . . .

Donald FiresmithDonald Firesmith

Define the domain to be investigated.Define the domain to be investigated.
Collect a representativeCollect a representative samplesample of applications in the domainof applications in the domainCollect a representative Collect a representative samplesample of applications in the domain.of applications in the domain.
Analyze each application in the sample.Analyze each application in the sample.
Develop an analysis model for the objectsDevelop an analysis model for the objects

CS350 
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Develop an analysis model for the objects. Develop an analysis model for the objects. 



Data ModelingData ModelingData ModelingData Modeling
Analysis modeling often Analysis modeling often 
b i i h d d lib i i h d d li

Typical data objects Typical data objects 
begins with data modelingbegins with data modeling

Examines data objects Examines data objects 
independently of independently of 

External entities External entities 
printer, user, sensorprinter, user, sensor

ThingsThings
processingprocessing
Focuses attention on the Focuses attention on the 
data domaindata domain

reports, displays, signalsreports, displays, signals
Occurrences or eventsOccurrences or events

interrupt, alarminterrupt, alarm
Indicates how data objects Indicates how data objects 
relate to one anotherrelate to one another

RelationshipRelationship among dataamong data

p ,p ,
RolesRoles

manager, engineer, salespersonmanager, engineer, salesperson
Organizational unitsOrganizational unitsRelationshipRelationship among data among data 

objects can be expressed in objects can be expressed in 
UML very wellUML very well

Organizational unitsOrganizational units
division, teamdivision, team

PlacesPlaces
manufacturing floormanufacturing floor

CS350 
I t t SE
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manufacturing floormanufacturing floor
StructuresStructures

employee recordemployee record



ObjectObject--Oriented ConceptsOriented ConceptsObjectObject Oriented ConceptsOriented Concepts

Must be understood to apply classMust be understood to apply class--basedbasedMust be understood to apply classMust be understood to apply class based based 
elements of the analysis modelelements of the analysis model
Key concepts:Key concepts:Key concepts:Key concepts:

Classes and objectsClasses and objects
Attributes and operationsAttributes and operationsAttributes and operationsAttributes and operations
Encapsulation and instantiationEncapsulation and instantiation
InheritanceInheritanceInheritanceInheritance

CS350 
I t t SE

10



ClassesClasses
•• ObjectObject--oriented thinking oriented thinking 

begins with the begins with the definitiondefinition of of things

occurrences roles
organizational units

placesgg
a class, often defined as:a class, often defined as:

–– templatetemplate
generalized descriptiongeneralized description

external entities
places

structures

–– generalized descriptiongeneralized description
–– “blueprint” ... describing a “blueprint” ... describing a 

collection of similar itemscollection of similar items
A l bli hA l bli h

class name

attributes:

•• A superclass establishes a A superclass establishes a 
hierarchy of classeshierarchy of classes

•• Once a class of items isOnce a class of items is
operations:

•• Once a class of items is Once a class of items is 
defined, a specific instance defined, a specific instance 
of the class can be identified of the class can be identified 

CS350 
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MethodsMethods
(a.k.a. Operations, Services)(a.k.a. Operations, Services)
An executable procedure that isAn executable procedure that is 
encapsulated in a class and is designed 
to operate on one or more data attributes 
that are defined as part of the classthat are defined as part of the class.

Method#1

method#2

method#3
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Encapsulation/HidingEncapsulation/Hiding

The object encapsulates
b th d t d th l i lboth data and the logical
procedures required to
manipulate the data

method 
# 1

d t

method 
# 2p

data

method 
# 6

method 
# 3

method 
# 4

method 
# 5

Achieves “information hiding”

# 5
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Class HierarchyClass Hierarchy
Furniture (superclass)

ChairTable Desk Bed

subclasses of the

CS350 
I t t SE

14
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How to Define All ClassesHow to Define All ClassesHow to Define All ClassesHow to Define All Classes

11 BasicBasic user requirementsuser requirements must be communicatedmust be communicated1.1. Basic Basic user requirements user requirements must be communicated must be communicated 
between the customer and the SW engineerbetween the customer and the SW engineer

2.2. Classes must be identifiedClasses must be identified
Attributes and methods are to be definedAttributes and methods are to be defined

3.3. A class hierarchy is definedA class hierarchy is defined
4.4. ObjectObject--toto--object relationships should be representedobject relationships should be represented
5.5. Object behavior must be modeledObject behavior must be modeled
6.6. Tasks 1 through 5 are repeated until the model is Tasks 1 through 5 are repeated until the model is 

completecomplete

CS350 
I t t SE

15



ScenarioScenario--Based ModelingBased ModelingScenarioScenario Based ModelingBased Modeling
““[Use[Use--cases] are simply an aid to defining what exists cases] are simply an aid to defining what exists [[ ] p y g] p y g
outside the system (actors) and what should be outside the system (actors) and what should be 
performed by the system (useperformed by the system (use--cases).” cases).” IvarIvar JacobsonJacobson

(1) What should we write about?(1) What should we write about?

(2) How much should we write about it?(2) How much should we write about it?

(3) How detailed should we make our description?(3) How detailed should we make our description?(3) How detailed should we make our description? (3) How detailed should we make our description? 

(4) How should we organize the description?(4) How should we organize the description?

CS350 
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UseUse--CasesCases
a scenario that describes a “thread of usage” for a a scenario that describes a “thread of usage” for a 
systemsystemyy
actorsactors represent roles people or devices play as the represent roles people or devices play as the 
system functionssystem functions
usersusers can play a number of different roles for a given can play a number of different roles for a given 
scenarioscenario
Developing a use caseDeveloping a use case

What are the main tasks or functions that are performed by the What are the main tasks or functions that are performed by the 
actor?actor?actor?actor?
What system information will the actor acquire, produce or What system information will the actor acquire, produce or 
change?change?

CS350 
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What information does the actor desire from the system?What information does the actor desire from the system?



UseUse--Case DiagramCase Diagram
SafeHome

Access camera
surveillance via the 

Internet
cameras

Conf igure SafeHome 
system parameters

homeowner

Set  alarm

CS350 
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Activity DiagramActivity Diagram
enter password 

and user ID

Supplements the useSupplements the use

select  major funct ion

valid passwor ds/ ID

prompt  for reent ry

invalid passwor ds/ ID

ot her f unct ions

Supplements the useSupplements the use--
case by providing a case by providing a 
diagrammaticdiagrammatic

input  t r ies r em ain

no input
t r ies r em ain

select  surveillance

ot her f unct ions 
m ay also be 

select ed

diagrammatic diagrammatic 
representation of representation of 
procedural flow procedural flow 

t hum bnail views select  a specif ic cam er a

select  camera icon
select  specif ic  

camera - thumbnails

(Fig 8.7 of 224 pg)(Fig 8.7 of 224 pg)

view camera output  
in labelled window

CS350 
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prompt  for 
another v iew

exit  t his f unct ion see anot her  cam er a



Swimlane DiagramsSwimlane Diagrams

enter password 
and user ID

h o m e o w n e r c a m e ra i n t e r f a c e

Allows the modeler to Allows the modeler to 
represent the flow ofrepresent the flow of

selec t  m ajor f unct ion

valid  p asswo r d s/ ID

prom pt for reent ry

in valid
p asswo r d s/ ID

o t h er  f u n ct io n s 

represent the flow of represent the flow of 
activities described by activities described by 
the usethe use--case case p o pt o ee t y

in p u t  t r ies
r em ain

n o  in p u t
t r ies r em ain

selec t  surveillance

m ay also  b e 
select ed

This diagram indicates This diagram indicates 
which actor or analysis which actor or analysis 

t h u m b n ail views select  a sp ecif ic cam er a

selec t  cam era iconselect  spec if ic  
cam era - thum bnails

class has responsibility class has responsibility 
for the action described for the action described 
by an activity rectangleby an activity rectangle

generate v ideo 
output

prom pt  for
another v iew

view cam era output  
in labelled window

by an activity rectangleby an activity rectangle
(Fig 8.8 of 225 pg)(Fig 8.8 of 225 pg)
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exit  t h is
f u n ct io n

see
an o t h er
cam er a



FlowFlow--Oriented ModelingOriented ModelingFlowFlow Oriented ModelingOriented Modeling

••Represents howRepresents how datadata objects areobjects are transformedtransformed at theyat they••Represents how Represents how datadata objects are objects are transformedtransformed at they at they 
move through the systemmove through the system

••A data flow diagram (DFD) is the diagrammatic formA data flow diagram (DFD) is the diagrammatic form••A data flow diagram (DFD) is the diagrammatic form A data flow diagram (DFD) is the diagrammatic form 
that is usedthat is used

••Considered by many to be an ‘old school’ approachConsidered by many to be an ‘old school’ approachConsidered by many to be an old school  approachConsidered by many to be an old school  approach

•• flowflow--oriented modeling continues to provide a oriented modeling continues to provide a 
view of the system that is uniqueview of the system that is unique——it should beit should beview of the system that is uniqueview of the system that is unique it should be it should be 
used to supplement other analysis model elementsused to supplement other analysis model elements
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The Flow ModelThe Flow ModelThe Flow ModelThe Flow Model
Every computerEvery computer--based system is an based system is an 
information transform ....information transform ....

computercomputer
basedbased

tt
inputinput outputoutput

systemsystem
pp pp

CS350 
I t t SE
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Flow Modeling Notation (1/2)Flow Modeling Notation (1/2)

externalexternal
A A producerproducer (origin) or (origin) or consumerconsumer (sink) of data(sink) of data
Examples: a person a device a sensorExamples: a person a device a sensorexternal external 

entityentity
Examples: a person, a device, a sensorExamples: a person, a device, a sensor
Another example: computerAnother example: computer--based systembased system
Data must always originate somewhereData must always originate somewhere
and m st al a s be sent to somethingand m st al a s be sent to somethingand must always be sent to somethingand must always be sent to something

A dataA data transformertransformer (changes input to output)(changes input to output)processprocess A data A data transformertransformer (changes input to output)(changes input to output)
Examples: compute taxes, determine area,Examples: compute taxes, determine area,
format report, display graphformat report, display graph
D t t l b d iD t t l b d iData must always be processed in some Data must always be processed in some 
way to achieve system functionway to achieve system function

CS350 
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Flow Modeling Notation (2/2)Flow Modeling Notation (2/2)
Data flows through a system, beginningData flows through a system, beginning
as input and be transformed into output.as input and be transformed into output.

DataData
flowflow

computecompute
triangle triangle 

basebase

heightheight
areaarea

flowflow

gg
areaarea

heightheight

Data is often stored for later use.Data is often stored for later use.

l kl k
sensor #sensor #

sensor #, type, sensor #, type, 

DataData
storestore

looklook--upup
sensorsensor

datadata
report report 
requiredrequired

location, agelocation, age

type, type, 
location agelocation age

CS350 
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Data Flow Diagramming: GuidelinesData Flow Diagramming: Guidelines

All icons must be labeled with meaningfulAll icons must be labeled with meaningful namesnamesAll icons must be labeled with meaningful All icons must be labeled with meaningful namesnames
The DFD evolves through a number of levels of detailThe DFD evolves through a number of levels of detail
Always begin with a context level diagram (also calledAlways begin with a context level diagram (also calledAlways begin with a context level diagram (also called Always begin with a context level diagram (also called 
level 0)level 0)

TopTop--down approachdown approachpp pppp

Always show external entities at level 0Always show external entities at level 0
Always label data flow arrowsAlways label data flow arrowsyy
Do Do notnot represent procedural logic unless DFD reaches represent procedural logic unless DFD reaches 
the final levelthe final level

CS350 
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Constructing a DFDConstructing a DFD IIConstructing a DFDConstructing a DFD——II

Review the data model to isolate data Review the data model to isolate data 
objects and use a grammatical parse objects and use a grammatical parse 
t d t i “ ti ”t d t i “ ti ”to determine “operations”to determine “operations”
Determine external entities (producers Determine external entities (producers 

d f d t )d f d t )and consumers of data)and consumers of data)
Create a level 0 DFDCreate a level 0 DFD

CS350 
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Le el 0 DFD E ampleLe el 0 DFD E ampleLevel 0 DFD ExampleLevel 0 DFD Example

useruser
processing processing 

requestrequest

di it ldi it l
requestedrequested

videovideo

videovideo NTSCNTSC

digitaldigital
videovideo

processorprocessor

videovideo
signalsignal

monitormonitor

sourcesource NTSCNTSC
video signalvideo signal

CS350 
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Constructing a DFDConstructing a DFD——IIIIgg
Write a narrative describing the transformWrite a narrative describing the transform
Parse to determine next level transformsParse to determine next level transforms
“balance” the flow to maintain data flow continuity“balance” the flow to maintain data flow continuityyy
Develop a level 1 DFDDevelop a level 1 DFD
Use a 1:5 (approx ) expansion ratioUse a 1:5 (approx ) expansion ratioUse a 1:5 (approx.) expansion ratioUse a 1:5 (approx.) expansion ratio

CS350 
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The Data Flow HierarchyThe Data Flow Hierarchy

bbPPaa bbxx yy level 0level 0

p1p1
p2p2aa cc ffp1p1

p3p3
p4p4 55 bbdd

ee ggee gg
level 1level 1

CS350 
I t t SE

29



Flow Modeling NotesFlow Modeling Notesgg

Each bubble is refined until it does just Each bubble is refined until it does just oneone thingthingjj gg
The expansion ratio decreases as the number of The expansion ratio decreases as the number of 
levels increaselevels increaselevels increaselevels increase
Most systems require between 3 and 7 levels for Most systems require between 3 and 7 levels for 
an adequate flow modelan adequate flow modelan adequate flow modelan adequate flow model
A single data flow item (arrow) may be expanded A single data flow item (arrow) may be expanded 
as levels increase (data dictionary providesas levels increase (data dictionary providesas levels increase (data dictionary provides as levels increase (data dictionary provides 
information)information)
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Process Specification (PSPEC)Process Specification (PSPEC)

bubblebubble

PSPECPSPEC
narrativenarrative

Appearing at Appearing at 
the final level the final level narrativenarrative

pseudocode (PDL)pseudocode (PDL)
equationsequations

of refinementof refinement

tablestables
diagrams and/or chartsdiagrams and/or charts

CS350 
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ClassClass--Based ModelingBased ModelingClassClass Based ModelingBased Modeling
IdentifyIdentify analysis analysis classesclasses by examining the by examining the 
problem statementproblem statement
Use a “Use a “grammatical parsegrammatical parse” to isolate potential ” to isolate potential 

ffclasses from use case scenariosclasses from use case scenarios
Identify the Identify the attributesattributes of each classof each class
Identify Identify operationsoperations that manipulate the attributesthat manipulate the attributes

CS350 
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Analysis ClassesAnalysis ClassesAnalysis ClassesAnalysis Classes
External entitiesExternal entities (e.g., other systems, devices, people) that produce or (e.g., other systems, devices, people) that produce or 
consume information to be used by a computerconsume information to be used by a computer--based system.based system.
ThiThi ( t di l l tt i l ) th t t f th( t di l l tt i l ) th t t f thThingsThings (e.g, reports, displays, letters, signals) that are part of the (e.g, reports, displays, letters, signals) that are part of the 
information domain for the problem.information domain for the problem.
Occurrences or eventsOccurrences or events (e.g., a property transfer or the completion of a (e.g., a property transfer or the completion of a 
series of robot movements) that occur within the context of systemseries of robot movements) that occur within the context of systemseries of robot movements) that occur within the context of system series of robot movements) that occur within the context of system 
operation.operation.
RolesRoles (e.g., manager, engineer, salesperson) played by people who (e.g., manager, engineer, salesperson) played by people who 
interact with the system.interact with the system.yy
Organizational unitsOrganizational units (e.g., division, group, team) that are relevant to an (e.g., division, group, team) that are relevant to an 
application.application.
PlacesPlaces (e.g., manufacturing floor or loading dock) that establish the (e.g., manufacturing floor or loading dock) that establish the ( g g g )( g g g )
context of the problem and the overall function of the system.context of the problem and the overall function of the system.
StructuresStructures (e.g., sensors, four(e.g., sensors, four--wheeled vehicles, or computers) that define wheeled vehicles, or computers) that define 
a class of objects or related classes of objects.a class of objects or related classes of objects.
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Selecting ClassesSelecting Classes——CriteriaCriteria

retained informationretained information

needed needed servicesservices

lti l tt ib tlti l tt ib t

retained informationretained information

multiple attributesmultiple attributes

commoncommon attributesattributes

commoncommon operationsoperations

essential requirementsessential requirementsessential requirementsessential requirements

CS350 
I t t SE
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Class DiagramClass Diagram
FloorPlan

determineType ( )

type 
name 
outsideDimensions 

yp ( )
positionFloorplan 
scale( )  
change color( )  

is placed wit hin

is part of

Cam era

type 
ID

Wall

t ype 
wallDim ensions

is part  of

determ ineType () 
t ranslateLocat ion () 
displayID() 
displayV iew() 
displayZoom ()

ID
locat ion 
f ieldV iew 
panAngle 
Zoom Set t ing 

wallDim ensions

determineType ( )  
computeDimensions  ( )  

displayZoom ()

WallSegm ent

type 
startCoordinates 

Window

type 
startCoordinates

Door

type 
startCoordinates

is used t o buildis used t o build

is used t o build
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stopCoordinates 
nextWallSem ent  

determineType ( )  
draw( )  

stopCoordinates 
nextWindow 

determineType ( )  
draw( )  

stopCoordinates 
nextDoor 

determineType ( )  
draw( )  



ClassClass--ResponsibilityResponsibility--Collaborator Collaborator 
(CRC) M d li(CRC) M d li(CRC) Modeling(CRC) Modeling

Analysis classes have “responsibilities”Analysis classes have “responsibilities”Analysis classes have responsibilitiesAnalysis classes have responsibilities
ResponsibilitiesResponsibilities are the attributes and operations encapsulated are the attributes and operations encapsulated 
by the classby the class

Analysis classes collaborate with one anotherAnalysis classes collaborate with one another
CollaboratorsCollaborators are those classes that are required to provide a are those classes that are required to provide a 
class with the information needed to complete a responsibilityclass with the information needed to complete a responsibilityclass with the information needed to complete a responsibility. class with the information needed to complete a responsibility. 
In general, a collaboration implies either a request for In general, a collaboration implies either a request for 
information or a request for some action.information or a request for some action.
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CRC ModelingCRC Modeling

Class:
Class:

Description:

Responsibility: Collaborator:

Class:
Description:

Responsibility: Collaborator:

Class:
Description:

Responsibility: Collaborator:

Class: FloorPlan
Description:

Responsibility: Collaborator:p y Collaborator:
defines floor plan name/type

manages floor plan positioning

scales floor plan for display
scales floor plan for display

incorporates walls, doors and windows

shows position of video cameras

p p y

Wall

Camera
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Class TypesClass Types
Entity classesEntity classes, also called, also called modelmodel or or businessbusiness classes, are classes, are 
extracted directly from the statement of the problem (e.g., extracted directly from the statement of the problem (e.g., 
FloorPlanFloorPlan and Sensor). and Sensor). ))

Boundary classesBoundary classes are used to create the are used to create the interfaceinterface (e.g., (e.g., 
interactive screen or printed reports) that the user sees and interactive screen or printed reports) that the user sees and 
interacts with as the software is used.interacts with as the software is used.interacts with as the software is used. interacts with as the software is used. 
Controller classesController classes manage a “unit of work” [UML03] from start to manage a “unit of work” [UML03] from start to 
finish. That is, controller classes can be designed to manage finish. That is, controller classes can be designed to manage 

the creation or update of entity objects;the creation or update of entity objects;the creation or update of entity objects; the creation or update of entity objects; 
the instantiation of boundary objects as they obtain information from the instantiation of boundary objects as they obtain information from 
entity objects; entity objects; 
complex communication between sets of objects; complex communication between sets of objects; 
validation of data communicated between objects or between the validation of data communicated between objects or between the 
user and the application. user and the application. 
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ResponsibilitiesResponsibilitiesResponsibilitiesResponsibilities

System intelligence should be System intelligence should be distributeddistributed across classes across classes y gy g
to best address the needs of the problemto best address the needs of the problem
Each responsibility should be stated as Each responsibility should be stated as generallygenerally as as 

ibl (f hi h )ibl (f hi h )possible (for higher reuse)possible (for higher reuse)
Information and the behavior related to it should reside Information and the behavior related to it should reside 
within the same classwithin the same classwithin the same class within the same class 
Information about one thing should be localized with a Information about one thing should be localized with a 
single class, not distributed across multiple classes.single class, not distributed across multiple classes.
Responsibilities should be shared among related classes, Responsibilities should be shared among related classes, 
when appropriate. when appropriate. 
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CollaborationsCollaborationsCollaborationsCollaborations
Classes fulfill their responsibilities in one of two ways:Classes fulfill their responsibilities in one of two ways:

A class can use its own operations to manipulate its own attributes, thereby A class can use its own operations to manipulate its own attributes, thereby 
fulfilling a particular responsibility, or fulfilling a particular responsibility, or 
a class can collaborate with other classes.a class can collaborate with other classes.

Collaborations identify relationships between classesCollaborations identify relationships between classes
Collaborations are identified by determining whether a class can fulfill each Collaborations are identified by determining whether a class can fulfill each 
responsibility itselfresponsibility itselfp yp y
three different generic relationships between classes [WIR90]: three different generic relationships between classes [WIR90]: 

the the isis--partpart--ofof relationshiprelationship
thethe hashas--knowledgeknowledge--ofof relationshiprelationshipthe the hashas knowledgeknowledge ofof relationshiprelationship
the the dependsdepends--uponupon relationshiprelationship

CS350 
I t t SE

40



Composite Aggregate ClassComposite Aggregate Classp gg gp gg g
Player

PlayerHead PlayerArms PlayerLegsPlayerBody

center-position center-position
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Reviewing the CRC ModelReviewing the CRC Model
All participants in the review (of the CRC model) are given a subset of the CRC All participants in the review (of the CRC model) are given a subset of the CRC 
model index cards.model index cards.

Cards that collaborate should be separated (i.e., no reviewer should have two cards that Cards that collaborate should be separated (i.e., no reviewer should have two cards that p ( ,p ( ,
collaborate).collaborate).

All All useuse--case scenarios case scenarios (and corresponding use(and corresponding use--case diagrams) should be case diagrams) should be 
organized into categories.organized into categories.
The review leader reads the useThe review leader reads the use--case deliberately.case deliberately.

As the review leader comes to a named object, she passes a token to the person As the review leader comes to a named object, she passes a token to the person 
holding the corresponding class index card.holding the corresponding class index card.

When the token is passed the holder of the class card is asked to describe theWhen the token is passed the holder of the class card is asked to describe theWhen the token is passed, the holder of the class card is asked to describe the When the token is passed, the holder of the class card is asked to describe the 
responsibilities noted on the card.responsibilities noted on the card.

The group determines whether one (or more) of the responsibilities satisfies the useThe group determines whether one (or more) of the responsibilities satisfies the use--
case requirement.case requirement.

If the responsibilities and collaborations noted on the index cards cannot If the responsibilities and collaborations noted on the index cards cannot 
accommodate the useaccommodate the use--case, modifications are made to the cards.case, modifications are made to the cards.

This may include the definition of new classes (and corresponding CRC index cards) or This may include the definition of new classes (and corresponding CRC index cards) or 
th ifi ti f i d ibiliti ll b ti i ti dth ifi ti f i d ibiliti ll b ti i ti d

CS350 
I t t SE

42

the specification of new or revised responsibilities or collaborations on existing cards.the specification of new or revised responsibilities or collaborations on existing cards.
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Analysis PackagesAnalysis PackagesAnalysis PackagesAnalysis Packages

Various elements of the analysis model (e.g., useVarious elements of the analysis model (e.g., use--cases, cases, y ( g ,y ( g , ,,
analysis classes) are categorized in a manner that analysis classes) are categorized in a manner that 
packages them as a packages them as a groupinggrouping
ThTh ++ i di th l i l i hi di th l i l i hThe The ++ sign preceding the analysis class name in each sign preceding the analysis class name in each 
package indicates that the classes have public visibility package indicates that the classes have public visibility 
and are therefore accessible from other packages.and are therefore accessible from other packages.p gp g
Other symbols can precede an element within a package. Other symbols can precede an element within a package. 
A A -- sign indicates that an element is hidden from all other sign indicates that an element is hidden from all other 
packages and apackages and a ## symbol indicates that an element issymbol indicates that an element ispackages and a packages and a ## symbol indicates that an element is symbol indicates that an element is 
accessible only to packages contained within a given accessible only to packages contained within a given 
package.package.
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Analysis PackagesAnalysis Packages
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Behavioral ModelingBehavioral ModelingBehavioral ModelingBehavioral Modeling

The behavioral model indicates how software willThe behavioral model indicates how software willThe behavioral model indicates how software will The behavioral model indicates how software will 
respond to external events or stimuli. To create the respond to external events or stimuli. To create the 
model, the analyst must perform the following steps:model, the analyst must perform the following steps:

Evaluate all useEvaluate all use--cases to fully understand the cases to fully understand the sequence of sequence of 
interactioninteraction within the system.within the system.
Identify Identify eventsevents that drive the interaction sequence and understand that drive the interaction sequence and understand yy qq
how these events relate to specific objects.how these events relate to specific objects.
Create a sequence for each useCreate a sequence for each use--casecase..
Build a state diagram for the systemBuild a state diagram for the systemBuild a state diagram for the system.Build a state diagram for the system.
Review the behavioral model to verify accuracy and consistency.Review the behavioral model to verify accuracy and consistency.
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Behavioral ModelingBehavioral ModelingBehavioral ModelingBehavioral Modeling

make a list of the differentmake a list of the different statesstates of a systemof a systemmake a list of the different make a list of the different statesstates of a system of a system 
(How does the system behave?)(How does the system behave?)
indicate how the system makes aindicate how the system makes a transitiontransition fromfromindicate how the system makes a indicate how the system makes a transitiontransition from from 
one state to another one state to another 

How does the system change state?How does the system change state?How does the system change state?How does the system change state?
indicate eventindicate event
indicate actionindicate action

draw a draw a state diagram or a sequence diagramstate diagram or a sequence diagram
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Sequence DiagramSequence Diagram
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Figure 8 .2 7   Sequence diagram (part ial)  f or Saf eHome  securit y f unct ion



State Diagram for the State Diagram for the ControlPanelControlPanel ClassClass
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Fig 8.20 pg 251 in SEPA


