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MODELING SYSTEM
REQUIREMENTS




¢ Explain the many reasons for creating information
system models

Learning Objectives

¢ Describe three types of models and list some
specific models used for analysis and design

¢ Explain how events can be used to define
activities and use cases

¢ ldentify and analyze events to which a system
responds
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Learning Objectives (continued)

¢ Explain how the concept of “things” in the
problem domain also defines requirements

¢ Explain the similarities and the differences
between data entities and objects

¢ ldentify and analyze data entities and domain
classes needed in the system

¢ Read, interpret, and create an entity-relationship
diagram

¢ Read, interpret, and create a class diagram
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Overview

¢ Document functional requirements by creating

models

¢ Models created during analysis phase activity —
Define system requirements

¢ Two concepts he
requirements in t
object-oriented a

0 identify functional
ne traditional approach and

pproach

e Events that trigger use cases

e Things in the users’ work domain
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Models and Modeling

¢ Analyst describes information system
requirements using a collection of models

¢ Complex systems require more than one type of
model

¢ Models represent some aspect of the system
being built

¢ Process of creating models helps analyst clarify
and refine design

¢ Models assist communication with system users
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Reasons for Modeling (Figure 5-2)

Learning from the modeling process
Reducing complexity by abstraction
Remembering all of the details

Communicating with other
development team members

Communicating with a variety of
users and stakeholders

Documenting what was done for
future maintenance/enhancement
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¢ Different types of models are used in information
systems development

Types of Models

e Mathematical — formulas that describe technical
aspects of the system

e Descriptive — narrative memaos, reports, or lists that
describe aspects of the system

e Graphical — diagrams and schematic
representations of some aspect of the system
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Some
Descriptive

Models
(Figure 5-3)
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5
Overview of Models Used .
In Analysis and Design

¢ Analysis phase activity named “define system
requirements”

e Logical models

e Provide detail without regard to specific technology

¢ Design phase
e Physical models
e Provide technical details

e Extend logical models
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Models
Created by
Analysis
Activities
(Figure 5-4)

1 buy new car

2 sell car

3 get car serviced
4 make payment
5 trade in car

Event list

Data flow
diagram (DFD)

element1 =
description

data type
validation rules

do this
If ...
else ...
while x

do that
do the other

Data element
definition

Use case
diagram
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Process description/
structured English/
action diagram

Sequence
diagram

Entity-relationship
diagram (ERD)

Location
diagram

Communication

diagram

dataflow 1 =
element 1+
element 2+
element 3

ETERLG
definition

I—T—\

Class diagram

State machine
diagram
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Models Used in Design (Figure 5-5)

Screen layout Report layout System Structure chart
flowchart

LS T18 /

t A

Database schema  Network diagram Deployment
GIET T
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Events, Activities, and Use Cases

¢ Use Case
e An activity the system performs in response to a user request
e A “case” where the system is used by actor

¢ Techniques for identifying use cases

e l|dentify user goals

¢ Each goal at the elementary business process (EBP) level is a use
case

¢ EBP — a task performed by one user, in one place in response to a
business event, that adds measurable business value, and leaves
system and data in consistent state

e Event decomposition technique

e CRUD analysis technigue (create, read, update, delete)
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.
ldentifying Use Cases Based on User
Goals (Figure 5-6)

Order clerk Look up item availability
Create new order
Update order

Shipping clerk Record order fulfillment
Record back order

Merchandising manager Create special promotion

Produce catalog activity report
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Event Decomposition
¢ Business events trigger elementary business

processes (EBPSs)

¢ EBPs are at correct level of analysis for use
cases

¢ ldentify business events to decompose system
Into activities/use cases

¢ Event decomposition Is, therefore, used by
e Traditional approach to identify activities

e OO approach to identify use cases
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Types of Events

¢ External
e Outside system
e Initiated by external agent or actor
¢ Temporal
e Occur as result of reaching a point in time
e Based on system deadlines
¢ State

e Something inside system triggers processing need

Systems Analysis and Design in a Changing World, 4th Edition
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5
Events Affecting a Charge Account Processing .
System that Lead to Use Cases (Figure 5-7)

@
External events
occur in the
environment II
[ ] “customer changes
T Temporal events occur address,” so use case is
inside the system ,,:;:_ ‘-\": Maintain customer data
II e
“customer pays Charge account processing system I
bill,” so use
case is Record a “time to send out
payment 7 ‘:\\' monthly statements,”
S so use case is Produce
@] '5_9\‘( = monthly statements
A s
“time to send \:ZI
II late notices,” so > > 3
use case is Send
cusﬁumer late notices “time to produce end-of-
h e f oy week summary reports,”
Ea::.gi‘: Prs':cl;:: S0 use case is Produce
summary reports
a charge Ty repo
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External Event Checklist (Figure 5-8)
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Temporal Event Checklist (Figure 5-9)
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ldentifying Events

¢ Can be difficult to determine
¢ Often confused with conditions and responses
¢ May be useful to trace a transaction’s life cycle

¢ Certain events left to design phase
e System controls to protect system integrity

e Perfect technology assumption defers events

Systems Analysis and Design in a Changing World, 4th Edition
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Sequence of Actions that Lead Up to Only One
Event Affecting the System (Figure 5-10)
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Sequence of “Transactions”
for One Specific Customer
Resulting in Many Events (Figure 5-11)

Systems Analysis and Design in a Changing World, 4th Edition
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Events Deferred Until the Design Phase
(Figure 5-12)

Don’t worry much
about these until the
design phase

Systems Analysis and Design in a Changing World, 4th Edition
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Events in the RMO case

¢ Important external events involve customers

e Customer checks item availabllity, customer
places order, customer changes or cancels order

¢ Other external events involve departments

e Shipping fulfills order, marketing sends promotion
to customer, merchandising updates catalog

¢ Temporal events include periodic reports

e Time to produce order summary reports, Time to
produce fulfillment summary reports
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Information about Each Event

In an Event Table:
Catalog of Information about Each Use Case (Figure 5-15)

Source: For an external

Response: What output
(if any) is produced by

The event that causes the event, the external agent,
system to do something. or actor, is the source of the the system?
data entering the system.
Event Trigger Source Use case Response Destination
Customer Item inquiry Customer Look up item Item Customer
wants to check availability availability
item details
availability

Trigger: How does the system know the
event occurred? For external events, this
is data entering the system. For temporal
events, it is a definition of the point in

time that triggers the system processing.

Use case: What does the system
do when the event occurs? The
use case is what is important

to define for functional
requirements.

Destination: What external
agent gets the output
produced?

Systems Analysis and Design in a Changing World, 4th Edition
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RMO Event

Event

1. Customer wants to
check item availability

2. Customer places
an order

3. Customer changes
or cancels order

4. Time to produce order
summary reports

5. Time to produce
transaction
summary reports

&. Customer or
management wants to
check order status

Customer support system event table

ltern inguiry

MNew order

Order change
reguest

"End of week,
month, quarter
and year”

“"End of day”

Order status
inquiry

Source

Customer

Customer

Customer

Customer or
management

Systems Analysis and Design in a Changing World, 4th Edition

Look up item
availability

Create new order

Update order

Produce order
summary reports

Produce
transaction
summary reports

Look up order
status

able (Figure 5-6 partial)

Response

ltem availability
details

Real-time link
Order confirmation
Order details

Transaction

Change

confirmation
Order change details

Transaction

Order summary
reports

Transaction
summary
reports

Order status details

Custorner

Credit bureau
Customer
Shipping

Bank

Custormer

Shipping

Bank
Management

Accounting

Customer or
management
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“Things” in the Problem Domain

¢ Define system requirements by understanding
system information that needs to be stored

¢ Store information about things in the problem
domain that people deal with when they do their
work

¢ Analysts identify these types of things by
considering each use case In the event table

e What things does the system need to know about
and store information about?
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Types of Things (Figure 5-17)

Tangible Roles Organizational
things EVE units
airplane employee division
book customer department
vehicle doctor section
document patient task force
worksheet end user workgroup
system

administrator

‘

sensor
timer
controller
printer
disk drive
keyboard
display
window
mouse
menu
button

Sites/
locations

warehouse
branch office

factory
retail store
desktop

Incidents,

events, or
interactions

flight
service call
logon
logoff
contract
purchase
order
payment
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5
Procedure for Developing an .
Initial List of Things

¢ Step 1: Using the event table and information about each
use case, identify all nouns

¢ Step 2: Using other information from existing systems,
current procedures, and current reports or forms, add
items or categories of information needed

¢ Step 3: Refine list and record assumptions or issues to
explore

e See Figure 5-18 for RMO example
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Characteristics of Things

¢ Relationship

e Naturally occurring association among specific
things

e Occur in two directions
e Number of associations is cardinality or multiplicity
¢ Binary, unary, ternary, n-ary
¢ Attribute

e One specific piece of information about a thing
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et
Relationships Naturally Occur Between
Things (Figure 5-19)

. M
Order # 1043 placed “works in” Accounting Dept
h?ll
Mr Smith
“contains” “contains”

red shirt size

401 jeans size

16/32

34 long
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Cardinality/Multiplicity of Relationships
(Figure 5-20)

Mr. Jones has placed no order yet, cardinality/multiplicity
but there might be many placed ——p is zero or more—
over time. optional relationship
A particular order is placed by Mr. cardinality/multiplicity
Smith. There can't be an order — is one and only one—
without stating who the customer is. mandatory relationship

cardinality/multiplicity
is one or more—
mandatory relationship

An order contains at least one item,
but it could contain many items.

Systems Analysis and Design in a Changing World, 4th Edition
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Attributes and Values (Figure 5-21)

Customer ID

Last name

Work phone

Systems Analysis and Design in a Changing World, 4th Edition 32



Data Entities

¢ Things system needs to store data about In
traditional IS approach

¢ Modeled with entity-relationship diagram (ERD)

¢ Requirements model used to create the database
design model for relational database

Systems Analysis and Design in a Changing World, 4th Edition
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Objects

¢ Objects do the work in a system and store
iInformation in the object-oriented approach

¢ Objects have behaviors and attributes
e Class — type of thing
e Object — each specific thing
e Methods — behaviors of objects of the class

¢ Objects contain values for attributes and methods
for operating on those attributes

¢ An object is encapsulated — a self-contained unit

Systems Analysis and Design in a Changing World, 4th Edition
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Data Entities Compared with Objects
(Figure 5-22)

Data entities are separate from
processes

input process 1
—
rocess 2
: Data entity
B
output process 3

Objects encapsulate data and the methods that
process the data into one unit

Object
message
—
Data belonging to the
object
.‘_
message

Methods that process
the data

Systems Analysis and Design in a Changing World, 4th Edition
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The Entity-Relationship Diagram (ERD)

W a Customer can place zero

A simple entity- or more Orders

relationship diagram

Customer : O< Order

an Order must be placed
by exactly one Customer
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Cardinality Symbols of Relationships for
ERD

 Figure 5-2. [N

Cardinality symbols of
relationships

Exactly one (mandatory)

SISy  7ero or more (optional)

I o< I
—+0 K<

. One or more (mandatory)

Zero or one (optional)
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Expanded ERD with Attributes Shown

| Figure 5-25 [N

An expanded ERD with
attributes shown

Customer

Cust number*
Name
Bill address
Home phone
Office phone

Order

Order ID*
Order date
Amount

*Indicates the identifier or key

Systems Analysis and Design in a Changing World, 4th Edition

Order Item

Item ID*
Quantity
Price
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Customers, Orders, and Order Items

Figure 5-2¢ [

Customers, orders, and
order items consistent

with the expanded ERD é

John

‘ N
L

Mary

q N
Il

Sara

Systems Analysis and Design in a Changing World, 4th Edition

Order 1 Feb &

Order 2 March 29

no orders for
Mary yet!

First shirt |

Second shirt

Belt I

Boots I

First sandals I

Second sandals I

First sandals I

Second sandals I

Third sandals I
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ERD with Many-to-Many Relationship

Figure 5-27 [N

A university course

enrollment ERD with a Course
many-to-many c b
: : ourse number”
relationship Title
Credit hours

Course Section

Section number*
Start time
Room number

Systems Analysis and Design in a Changing World, 4th Edition

Student

Student ID*
Name
Major
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. . 5
Many-to-Many Relationship Converted to .
Associative Entity to Store Grade Attribute

Course

Course number*
Title
Credit hours

Course Section Course Student
Enrollment
Section number* Student ID*

Start time Grade Name
Room number Major

Figure 5-28

A refined university
course enrollment ERD
with an associative entity
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RMO Customer Support System ERD
Figure 5-29)

Catalo
Produc

Catalog

Inventor i
ltom y Shipper

R

Return Item Order Item Shipment

i

Customer

Order
Transaction
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The Class Diagram
¢ Unified Modeling Language (UML) diagram
¢ Domain model class diagram

e Models things in the users’ work domain

e Used to define requirements for OO (very similar
to entities in ERD)

¢ Design class diagram
e Models software classes
e Adds methods as behaviors

e Used in the design activity
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UML Class Symbol (Figure 5-30)

Customer

name
address
phone

addNew()

delete()

change()
connectToAccount()

Systems Analysis and Design in a Changing World, 4th Edition

The name of the class

Attributes: all objects in
the class have a value for
each of these

Methods: what all
objects of the class know
how to do
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Simple Domain Model Class Diagram
(Figure 5-31)

Customer Order Orderltem
ﬁgfﬁg”mber | orderD | itemiD
. 1 0..*| orderDate 1 1.% | quantity
billAddress amount rice
homePhone places consists of P
officePhone

¢ No methods shown in domain model
e Domain classes are not software classes

¢ Very similar to ERD in Figure 5-25

e UML and domain model can be used in place of ERD in traditional approach

Systems Analysis and Design in a Changing World, 4th Edition
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Multiplicity of Associations (Figure 5-32)

Zero or one
(optional)

One and only one

(mandatory)

One and only one
alternate
(mandatory)

Systems Analysis and Design in a Changing World, 4th Edition

Zero or more
(optional)

Zero or more
alternate
(optional)

One or more
(mandatory)
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University Course Enrollment Domain
Model Class Diagram (Figure 5-33)

Course

courseNumber
title
creditHours

u"*

CourseSection

sectionNumber
startTime
roomNumber

Student

Systems Analysis and Design in a Changing World, 4th Edition

studentID
name
major
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Refined Model with Association Class and
Grade Attribute (Figure 5-34)

Course

courseNumber CourseEnroliment
title

creditHours

grade

0.*

CourseSection ‘. Student

sectionNumber * studentlD
startTime name
roomNumber major
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More Complex Class Concepts
¢ Generalization/specialization hierarchies

e General superclasses to specialized subclasses

e Inheritance allows subclasses to share
characteristics of their superclasses

¢ Whole-part hierarchies (object and its parts)
e Aggregation — parts can exist separately

e Composition — parts can’t exist separately

¢ Hand has fingers and thumb
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A Generalization/Specialization

Class Hierarchy for Motor Vehicles (Figure 5-35)

MotorVehicle

Truck Car Tractor
SportsCar Sedan SportUtility

Systems Analysis and Design in a Changing World, 4th Edition

Trucks, Cars and Tractors are
special types of Motor
Vehicles

Sports Cars, Sedans, and
Sport Utilities are special
types of Cars
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A Generalization/Specialization
Class Hierarchy for RMO Orders (Figure 5-36)

Order

JAN

WebOrder

TelephoneOrder

Web Orders, Telephone
Orders, and Mail Orders
are special types of Orders

MailOrder

Systems Analysis and Design in a Changing World, 4th Edition
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5
Whole-Part Aggregation Relationships .
(Figure 5-37)

Computer

Processor Monitor

MainMemory DiskStorage

Keyboard

Processor, Main
Memory, Keyboard, Disk
Storage, and Monitor are

parts of a computer
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RMO
Domain
Model Class

Diagram
(Figure 5-41)

Catalog

cataloglD {key}
season

year
description CatalogProduct
effectiveDate
endDate .
_.-=="| price
o g LU specialPrice
L Inventoryltem
Productltem
inventorylD {key}
productD {key} 1 0. z':'flgr
vendor options Shipper
g::grei;ﬁon quantityOnHand
averageCost shipperID {key}
reorderQuantity name
address
contactName
1 telephone
[T
1
Orderltem
Returnltem ) 0..*
quantity 1.%
; price Shipment
g:z:tlty backorderStatus
reason R 0.1 trackingNo {key}
condition 0.. N 7" | dateSent
disposal 1. timeSent
shippingCost
1 dateArrived
timeArrived
Order
1
Customer orderlD {key}
orderDate :
accountNo {key} 0.| priorityCode 1 OrderTransaction
name shipping&Handlin
billingAddress 1 shwn g \ date
shippingAddress grandTotal transactionType
dayPhone amount
nightPhone x paymentMethod
WebOrder TelephoneOrder MailOrder
emailAddress 2233&?:.?{; g dateReceived
replyMethod lengthOfCall processorClerk

Systems Analysis and Design in a Changing \Wohia, Sui Caiton
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Design Class Diagram Notation:
Software Classes with Methods

Figure 5-38

A bank account system

. . Customer Account
design class diagram
ith h
[with methods] name » | accountNumber
1 0..
address balance
phone dateOpened
makeDeposit()
makeWithdrawal()

/\

SavingsAccount

CheckingAccount

interestRate

checkStyle
minimumBalance

calculatelnterest()

Systems Analysis and Design in a Changing World, 4th Edition
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5
Course Enrollment Design Class Diagram .
with Assoclation Class (Figure 5-39)

Course

courseNumber
title CourseEnrollment
creditHours
addCourse() grade

1

postGrade()

0.* '."

CourseSection Student
sectionNumber 0..* . 0.+ | studentlD
startTime : name
roomNumber major
openSection() admitStudent()
closeSection() recordDegree()
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Expanded
Course
Enrollment
Design
Class

Diagram
(Figure 5-40)

Course

courseNumber {key}
title
creditHours

CourseEnrollment

addCourse() grade

1

postGrade()
0.* P
CourseSection ; Student
sectionNumber {key} i
startTime 0.* ] 0.* ﬁ;urf. anID {key}
roomNumber
numberOfSections
: admitStudent()

openSection() recordDegree()
closeSection()

== /_/l‘_\.

1 | |

Semester UGStudent GraduateStudent
descriptor {key} accumCreditHours category
startDate undergradGPA programName
endDate major gradGPA
advisor
changeMajor() becomeCandidate()

Systems Analysis and Design in a Changing World, 4th Edition
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Where You Are Headed (Figure 5-42)

Entity-
relationship

Traditional diagram (ERDI]

Approach

Context
diagram

Data flow

definitions

Other
traditional
models

DFD fragments

Process
descriptions

Events, use

cases, and
event table

Class
diagram

Object-Oriented
Approach

Use case
diagrams

System
seguence
diagrams

Use case
descriptions

Activity
diagrams

State machine

diagrams

Systems Analysis and Design in a Changing World, 4th Edition
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Summary

¢ Analysis phase — defines system requirements

¢ Models created to further learning process,
reduce complexity, communicate with team
members, and document requirements

¢ Many types of models used
e Mathematical, descriptive, graphical

¢ Key early step in modeling is to identify and list
e Events that require a use case in the system

e Things users deal with in work environment

Systems Analysis and Design in a Changing World, 4th Edition
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Summary (continued)

¢ Use cases (activities) are identified from user
goals and business events that trigger
elementary business processes

¢ Business events are memorable, can be
described, and occur at a specific time and place

e External events, temporal events, and state events

¢ Event table records event, trigger, source, use
case, response, and destination

e A catalog of information about each use case
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Summary (continued)

¢ “Things” are what user deals with and system
remembers, such as customer placing an order

¢ Traditional approach uses entity-relationship
diagrams (ERD) for data entities, attributes of
data entities, and relationships between entities

¢ Object-oriented approach uses UML class
diagrams for classes, attributes, methods of
class, and associations among classes

e Domain model class diagram (requirements activity)

e Design class diagram (design activity)
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