Software Engineering

Chapter 6 & 7: Requirements Modeling

A process is a roadmap for building high-quality software.


http://www.onebyzeroedu.com

Contents

* Requirements Modeling

* Requirements Analysis

* Types of Modeling

* Scenario Based Modeling
* Class based Modeling

* Data Modeling

* Flow Oriented Modeling

* Behavioral Modeling


http://www.onebyzeroedu.com

Requirements Modeling

* Requirements Modelling (RM) is the process of representing and
visualizing what the system should do, before you actually start
designing or coding it.

* |tis a set of models that is the first technical representation of a
system.

* When we model requirements, we try to understand the system from
different perspectives:
* What users need?
* How data will flow?
* What processes will occur?
* How the system will behave under different conditions?


http://www.onebyzeroedu.com

Requirements Analysis

* The requirements modeling action results in one or more of the following
types of models:

* Scenario based models: Represents requirements from the point of view of
various system actors.

* Data Models: It represents the information domain for the problem.

* Class oriented models: It represents object-oriented classes (attributes and

operations) and the manner in which classes collaborate to achieve system
requirements.

* Flow-oriented models: It represents the functional elements of the system and
how they transform data as it moves through the system.

* Behavioral models: It depicts how the software behaves as a consequence of
external “events”
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Requirement Analysis (Cont..)

* These models provide a software designer with information that
can be translated to architectural, interface, and component-
level designs.

* The requirements model as a bridge between the system
description and the design model
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Objectives of Requirements Modeling

* Throughout requirements modeling, your primary focus is on
what, not how.

* The requirements model must achieve three primary objectives:
(1) to describe what the customer requires,
(2) to establish a basis for the creation of a software design, and

(3) to define a set of requirements that can be validated once the software
is built.
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Domain Analysis

m Input and output for domain analysis

Technical literature

Class taxonomies
Existing applications

Reuse standards :
Sourcest of Customer surveys Domain > DOITICII.I'I
domain e . Functional models analysis
knowledge Expert advice analysis > model

Domain languages

Current/future requirements

AVAILABLE AT:
Onebyzero Edu - Organized Learning, Smooth Career
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Requirements Modeling Approaches

|

Scenario-based Class

models models
e.g., €.g.,
use cases class diagrams

user stories

collaboration diagrams
/ Sofhhh \\
Qemj

Behavioral Flow

models models

e.g., e.g.,

state diagrams DFDs

sequence diagrams data models
\



http://www.onebyzeroedu.com

1. Scenario Based Modeling

* Scenario-based modeling is a requirements engineering
technique to describe how users use the system, step by step, in
real-world situations.

* Each scenario tells a story of how the system behaves from the
user’s perspective.

* [t answers:
* Who uses the system?
* What do they want to achieve?
* How does the system respond to each action?

* |t’'s basically “storytelling for software requirements.”
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1. Scenario Based Modeling

* Creating a Preliminary Use Case
* Refining a Preliminary Use Case
* Writing a formal Use Case

* Use Case Diagram

* UML Models for Representing Use Case (Supplement of the Use
Case)
* Activity Diagram
* Swimlane Diagram
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Use Case Template

SAreHOME

Use Case Template for Surveillance

LB

Use case: Access camera surveillance
via the Internet—display camera
views (ACS-DCV)

Exceptions:

1

. ID or passwords are incorrect or not recognized—

see use case Validate ID and passwords.

Iteration: 2, last modification: January 14 by 2. Surveillance function not configured for this

V. Raman. system—system displays appropriate error message;

" see use case Configure surveillance function.

§2 oy cion Homeowner 3. Homeowner selects “View thumbnail snapshots for
Goal in context: To view output of camera placed all camera”—see use case View thumbnail

throughout the house from any snapshots for all cameras.

remote location via the Infernet. 4. A floor plan is not available or has not been
Preconditions:  System must be fully configured; configured—display appropriate error message and

appropriate user ID and passwords see use case Configure floor plan.

must be obtained. 5. An alarm condition is encountered—see use case
Trigger: The homeowner decides to take Alarm condition encountered.

a look inside the house while Priority: Moderate priority, fo be

away. implemented after basic functions.
Scenario: When available:  Third increment.

1.

N

IS

The homeowner logs onto the SafeHome Products
website.

. The homeowner enters his or her user ID.
. The homeowner enters two passwords (each at least

eight characters in length).

. The system displays all major function buttons.
. The homeowner selects the “surveillance” from the

maijor function buttons.

Frequency of use: Moderate frequency.
Channel to actor: Via PC-based browser and

Internet connection.

Secondury actors: System administrator, cameras.

Channels to secondary actors:

1l
2

System administrator: PC-based system.
Cameras: wireless connectivity.

Open issues:

6. The homeowner selects “pick a camera.”
7. The system displays the floor plan of the house. 1. What mechanisms protect unauthorized use of this
8. The homeowner selects a camera icon from the floor capability by employees of SafeHome Products?
plan. " 2. Is security sufficient? Hacking into this feature would
9. The homeowr\er selects 'I'he. wew./' button. ) represent a major invasion of privacy.
10. The system displays a viewing window that is 3. Will system response via the Internet be acceptable
identified by .the camera ID. . . given the bandwidth required for camera views?
11. The system displays video output within the viewing 4. Will we develop a capability to provide video at

AVAILABLE AT:

Onebyzero Edu - Organized Learning, Smooth Career

window at one frame per second.

higher frames-per-second rate when high-
bandwidth connections are available?

The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)
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Use case Diagram

Preliminary
use-case
diagram for
the SafeHome

system

NS

Home-
owner

AVAILABLE AT:

Onebyzero Edu - Organized Learning, Smooth Career

SafeHome

Access camera
surveillance via the

Internet

Configure SafeHome
system parameters

The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)

Cameras
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Activity Diagram

* An activity diagram is a UML diagram that represents the workflow or
step-by-step activities of a system or business process.

e You can think of it as:

* Avisual script of how tasks are completed
* A map of actions, decisions, and parallel activities

* Purposes
* Understand the complete sequence of operations
* Visualize complex workflows clearly
« Communicate processes easily with both technical and non-technical people
* Discover missing steps in requirements
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Symbols for drawing Activity Diagram

Action State

A
. E
:

'

O
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Activity Diagram

Activity
ifg;m for Enter password
and user ID
camera
surveillance
via the
Internet— .
display Valid passwords/ID, Invalid passwords/ID
camerd views
function. Select major
function Prompt for reentry
Other functions
may also
be selected ® Input fries remain
Select surveillance
No input,
tries remain
Thumbnail views Select a specific camera

Select specific .
amera - thumbnails )| Select camera icon

View camera output
in labeled window

Prompt for
another view

Exit this function See another camera
AVAILABLE AT: Q
Onebyzero Edu - Organized-earning, S}m}o/th Career

The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)
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Swimlane Diagram

* Aswimlane diagram is a special type of activity diagram (or
flowchart) where the activities are arranged inside horizontal or
vertical lanes.

* Each lane represents an actor or unit responsible for that part of
the process.

* [t looks like a swimming pool with lanes, and each lane “belongs”
to someone.

* Lanes: Represent roles (Student, Librarian, System),
departments, devices, etc.
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wimlane Diagram

Swimlane diagram for Access camera surveillance via the Internet—display camera
views function

Homeowner Camera Interface

Enter password

and user ID g
Select major function

Other funcﬁoni/

may also be

—_—
Valid passwords/ID

Invalid
passwords/ID

Prompt for reentry

seleciedﬁﬁ /\ Input fries
elect SUrVEi ance O remain
()

No input

tries remain

Thumbnail views Select a specific camera

Select specific
camera - thumbnails

\H Generate video

Select camera icon

oulfput
View camera output Prompt for
in labelled window J/ N\ another view
Exit this
function
@ See
AVAILABLE AT]: another
Dnebyzero Edu - Organized Learning, Smooth Career camera

The Comprehensive-Academic Study Platform for University Students in Bangladesh (www onebyzergedu tom)
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2. Data Modeling

* ERD
* Data Objects (Entity)
* Data Attributes
* Ralationships

e Schema

AAAAAAAAAAA :

Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)
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3. Class Oriented Modeling

* Class-based modeling represents:

* objects that the system will manipulate

* operations (also called methods or services) that will be applied to the objects
to effect the manipulation

* relationships (some hierarchical) between the objects

* collaborations that occur between the classes that are defined.

* The elements of a class-based model include
, collaboration diagrams and

)

packages.
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Process of COM

* Identify Possible Classes
* Select Potential Classes
* Create Class Card

* Create Class Diagram

* CRC Model Index card

* CRC Diagram
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ldentifying Analysis Classes

* External entities (e.g., other systems, devices, people) that produce or consume
information

* Things (e.g, reports, displays, letters, signals) that are part of the information
domain for the problem

* Occurrences orevents (e.g., a property transfer or the completion of a series of
robot movements) that occur within the context of system operation

* Roles (e.g., manager, engineer, salesperson) played by people who interact with the
system

* Organizational units (e.g., division, group, team) that are relevant to an application

* Places (e.g., manufacturing floor or loading dock) that establish the context of the
problem and the overall function

* Structures (e.g., sensors, four-wheeled vehicles, or computers) that define a class
of objects or related classes of objects
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Samples classes on Library Management System

Category

Description

Example (Library System)

External Entities

People or systems that interact
with the system

Librarian, Member, Payment
Gateway

Things Information objects Book Record, Borrowing Slip
Occurrences/Events Activities or system triggers Book Issued, Book Returned
Roles Responsibilities or user types Member, Librarian, Administrator

Organizational Units

Divisions or departments

Library Department, Accounts
Section

Places

Physical locations

Issue Desk, Library Hall

Structures

Physical or logical objects

Barcode Scanner, Database Server
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Performing Grammatical Parse (ldentify classes/ Nouns)

The SafeHome security function enables the homeowner to configure the
security system when it is installed, monitors all sensors connected to the
security system, and interacts with the homeowner through the Internet, a
PC, or a control panel.

During installation, the SafeHome PC is used to program and configure the
system. Each sensor is assigned a number and type, a master password is
programmed for arming and disarming the system, and telephone number(s)
are input for dialing when a sensor event occurs.

When a sensor event is recognized, the software invokes an audible alarm
attached to the system. After a delay time that is specified by the homeowner
during system configuration activities, the software dials a telephone number
of a monitoring service, provides information about the |location, reporting the
nature of the event that has been detected. The telephone number will be
redialed every 20 seconds until telephone connection is obfained.

The homeowner receives security information via a control panel, the PC, or
a browser, collectively called an interface. The interface displays prompting
messages and system status information on the control panel, the PC ,or the
browser window., Homeowner interaction. takes the following form . . .
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Potential Classes

Potential Class
homeowner
sensor

confrol panel
installation

system (alias security system)
number, type
master password
telephone number
sensor event
audible alarm

monitoring service

AVAILABLE AT:

Onebyzero Edu - Organized Learning, Smooth Career

General Classification
role or external entity
external entity

external entity

occurrence

thing

not objects, atiributes of sensor
thing

thing

occurrence

external entity

organizational unit or external entity

The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)
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Class Selection Criteria (Coad & Yourdon)

Retained information: The potential class will be useful during analysis only if
information about it must be remembered so that the system can function. Class Must
hold necessary information.

Needed services: The potential class must have a set of identifiable that
can in some way. |

Multiple attributes: During requirement analysis, the focus should be on "major"
information; a class with a single attribute may, in fact, be useful during design, butis
probably better represented as an attribute of another class during the analysis
activity.

Common attributes: A set of attributes can be defined for the potential class and

these attributes apply to all instances of the class. | ]
Common operations: A set of operations can be defined for the potential class and
these operations apply to all instances of the class. [ ]

Essential requirements : External entities that appear in the problem space and
produce or consume information essential to the operation of any solution for the
system will almost always be defined as classes in the requirements model.
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Potential Classes (SafeHome)

Potential Class Characteristic Number That Applies
homeowner rejected: 1, 2 fail even though 6 applies
sensor accepted: all apply

control panel accepted: all apply

installation rejected

system (alias security function) accepted: all apply

number, type rejected: 3 fails, attributes of sensor
master password rejected: 3 fails

telephone number rejected: 3 fails

sensor event accepted: all apply

audible alarm accepted: 2, 3, 4, 5, 6 apply
moniforing service rejected: 1, 2 fail even though 6 applies

AAAAAAAAAAA :

Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)
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System Class for SafeHome (

System

system|D
verificationPhoneNumber
systemStatus

delayTime
telephoneNumber
masterPassword
temporaryPassword
numberTries

program( )
display( )
resef( )
query()
arm( )
disarm( )
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for FloorPlan

FloorPlan

name
outsideDimensions

determineType|
posmonFIoorpIan( )
scale( )

change color( )

Is placed within A
Is part of
Camera Wall
m)e '\zgﬁDimensions
location
fieldView
ganAngle
oomSetting determineTypel )
deferminelypel ) computeDlmensmns ()
ganslgxyteéﬁohon[ )
is
gisgloy%ew(())
s oom
bo et Is used to build A < s used to build
Is used to build
WallSegment Window Door
;YtgftCoordinoles 'sytgreICoordmotes 'syt(;PSCooa'dinotes
stopCoordinates stopCoordinates stopCoordinates
nextWallSement nextWindow ne
AVAILABLE AT: . d ' T d t 2 T d t 2 T
Onebyzero Edu - Organized Liga eemﬁ?ﬁ pémoot st‘ﬁ%g)l’ne yeol) dfo?:,r(n)me ypel]
The Comprehensive Academic Study Platform for Univeri (Www . onebvzeroedu.corl)
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Chapter 7

* Flow Oriented Modeling
* Data Flow Diagram

* Behavioral Modeling

e State Transition Diagram
* Sequence Diagram
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4. Flow Oriented Modeling

* Flow-oriented modeling focuses on how information moves through a
system and how that information is transformed.

* This modeling is used heavily during requirements analysis to
understand the functionality of the system in terms of data movement
and data transformation.

* Flow-oriented modeling : data enters > gets processed 2 output.

* Data Flow Diagram (DFD) as the primary tool of flow-oriented
modeling.

* ADFD is agraphical representation that shows:
* How data enters the system
* What processes transform the data
* Where data is stored
* How data leaves the system
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DFD

* DFD is presented in a hierarchical fashion.

* |t starts with a context diagram ( or Level 0 DFD) which represents
the whole system.

* Then break it down into Level 1, Level 2, etc.

* Represent only data flow, not control flow

* Focus on what happens, not how it happens

* Avoid implementation details (no loops, conditions, |F statements)

 Data objects are represented by labeled arrows, and
transformations are represented by circles (also called bubbles).
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Symbols for DFD

AVAILABLE AT:

Data Flow Diagram Basic Symbols

L J

indicate the starting point or
endpoint of data

Processing of transforming
data

Represent data storage

Represent data flow
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DFD Level O or Context Levele Diagram of
SafeHome Security Function

Control
Control User commands Display panel
panel and data information display

SafeHome

SDHWCI re

Alarm

Telephone
number tones

Sensor
status

Telephone

Sensors !
line

[
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Level 1 DFD for

Control

SafeHome panel |
security User commands C?nsfilg];re
function and data Y

Configuration
ata

Conﬂg ure

req vest

Configumﬂon information

Activate/
deactivate
system

Conf(i_Jgurﬂtion

Password ata

Process Display Control

password Valid ID msg. messages . - anel

and status , D'SPIUY ispla

Conféguruiion information
ata
Sensor [
information
Monitor Alarm type
Sensors Sensor Sensors Teleoh
status Telephone —| '€ el-ﬁ_leone

number tones

AVAILABLE AT:
Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)
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Level 2 DFD Sensor
that refines information
the monitor

SEensors process

Generate
alarm
signal

Co nfiguruﬁon information Sensor ID

fype,

location

Confli_Jgurc:tion

ata Alarm

Assess data
against
|
SeP Telephone
number

Sensor ID,

type

Read

SENnsors

Sensor

status Telephone

number tones

AVAILABLE AT:

Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)
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5. Behavioral Modeling

* Behavioral modeling focuses on how a system behaves, rather
than how it is structured.

* |t captures the dynamic aspects of a system, how objects or
components interact over time.

* To understand system responses to external and internal
events.

* Behavioral modeling can be represented in two ways:
* State Transition Diagram
* Sequence Diagram
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State Transition Diagram

* Shows the different states an object or system can be in, and how
It transitions from one state to another in response to events.

* Helps to understand how the system reacts to events over time.

* Elements:
* States: Represent different conditions of the system/object.
* Transitions: Arrows showing movement from one state to another.
* Events: Triggers causing the transitions.
* Actions: Activities performed during a transition.
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Symbols for STD

Initial State

i

state

Q-8

Final State

Transition



http://www.onebyzeroedu.com

STD for Ticket reservation System

payMoney

sl

e’

- go\
Q:":ﬂp oy

punjay/jeoued

sandx3zwi ey

Cancelled
ByCust

Cancelled
NonPay
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Sequence Diagram

* |llustrates how objects interact with each otherin a time
sequenced manner to perform a particular functionality.

* Interaction between objects and the order of messages
exchanged.

* Helps in understanding message flow, interaction patterns, and
dynamic collaboration.

* Elements:
 Objects: Represented by vertical lifelines.
* Messages: Horizontal arrows showing communication between objects.
* Activation bars: Periods during which an object is performing an action.
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m Sequence diagram (partial) for the SafeHome security function

|Homeowner| |Contro| panell | System I | Sensors I
|
|
|
|
|

System Reuding
ready D
Password entered |

Request lookup

Comparing

Result
Password = correct

tl Request activation

numberOfTries > maxTrieg Locked

Timer > lockedTime

|
Selecting

Activation successful Activation successful

AVAILABLE AT:
Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)
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