Topic 06

Web Engineering:
Analysis Modeling Phase

Why Do We Need Modeling (Analysis and Design) of WebApp?
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In many cases, developers may have
NO idea what is WebApp about

m  Analysis Modeling helps you to understand the nature of customer’s requirements or the problem being
addressed and the “shape” of the WebApp that will allow you to address that problem.

= Design Modeling is about understanding the internal structure of the WebApp to-be-developed and how this

creates the shape of the WebApp that was identified by the analysis model.




Importance of Analysis Modeling

It is impossible to begin the design and development (D&D) of a WebApp increment if you have no
understanding of what is required.

Analysis Modeling helps you to understand customer’s requirements in details -- that will allow Web
Engineer to satisfy better user requirements (needs).

Analysis Models provide technical details regarding

1) content of WebApp (content model),
2) interaction with or GUI of WebApp (interaction model),

3) main functions and behavior of WebApp (functional model), and
4) configuration or composition of WebApp (configuration model).

How much Analysis Modeling needed? It depends on:

Size and complexity of the WebApp increment

Number of stakeholders (analysis can help to identify conflicting requirements coming from
different sources)

Size of the WebE team

Degree to which members of the WebE team have worked together before (analysis can help
develop a common understanding of the project)

Degree to which the organization’s success is directly dependent on the success of the
WebApp

Analysis Modeling = FUNCTION (size, complexity, team specs, experience, knowledge, etc.)
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WebE Analysis Models: Goals and Outputs/Diagrams

WebE Goal Diagrams to be used to reflect Tools to be used
Analysis analysis models
Models
Interaction Describes the manner in which B Use Cases (UCs) B UMLet
Model users interact with the WebApp. B User interface prototypes B MS Expression Studio
B Visual Paradigm

Information Identifies the full spectrum of B Content Objects (including, B Microsoft Visio
model (or, content to be provided by the Data Objects)
Content WebApp. Content includes text, B Data Flow Diagrams (DFDs) H |[BM Rational
Model) graphics and images, and video B Content Model Trees Software

and audio data. (CMTs) B SmartDraw
Functional Defines the operations that will B State Transition Diagrams B UMLet or SmartDraw
Model be applied to WebApp content (STDs)

and describes other processing B Activity Diagrams (ADs) B UMLet

functions that are independent B Sequence Diagrams (SDs) B SmartDraw

of content but necessary to the
end user.

B SwimLane Diagrams (SLDs)

B SmartDraw

Configuration
Model

Describes the environment and
infrastructure in which the
WebApp resides.

Components:

B Hardware, operating
systems
Software
Internet, browsers
Data Protocols
Security considerations

B UMLet or SmartDraw

B MS Visio

® IBM Rational
Software

B SmartDraw




Diagrams for the
Interaction Modeling

4 Use Cases (UCs)

¢ Graphic User Interface (GUI) prototypes
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1. Use-Cases and Use-Case Scenarios

m It crucial for WebApp designers and developers to
understand users and create users’ profiles.

m  Use-Case is a collection of user scenarios that describe
the thread of usage of a system by various users. d

m  Each SINGLE scenario is described from the point-of-
view of an “actor” — a person or device that interacts
with the software in some way

m  Each SINGLE scenario should clearly answer the
following questions:
= Who is the primary actor (user), the secondary actor
(s)?
= What are the actor’s goals?
= What preconditions should exist before the story

begins?

= What main tasks or functions are performed by the
actor?

= What extensions might be considered as the story is
described?

= What variations in the actor’s interaction are possible?

= What system information will the actor acquire,
produce, or change?

= Will the actor have to inform the system about changes
in the external environment?

= What information does the actor desire from the
system?

= Does the actor wish to be informed about unexpected
changes?

These days: Active Use of Tools
Modeling Languages 52
\

(to convert manual sketches into electronic diagrams = files)

m A modeling language (ML)
incorporates a set of symbols
notations, and/or terms, as well as
the rules for establishing
associations between them.

m A modeling language often has a
formally structured representation as
well as a set of graphical elements.

= Some MLs are general purpose (e.g.,
UML) and others are more specific
(e.g., WebML)

HDM - W2000
RMM
OOHDM
ARANEUS
STRUDEL
TIRAMISU
WebML

Hera

UML Web Application Extension
UML-based Web Engineering (UWE)
ACE

WebArchitect

0O0-H

goooo000d0oopooo




Use-Case Diagram:

An example of

Sakai (BlackBoard)

learning management system

(LMS)

2. User Interface (GUI) Prototyping:
A Template-Based Approach
(Dr. Uskov’s NSF CCLI project in 2000-2004)

user interface processing

input process and control output
processing functions processing

maintenance and self-test




GUI Template for e-Learning System (an example)

Logo + Title + URL (input)

Video + Audio
(output)

VCR buttons
(input)

Communications
Tools

(input + output)

Power Point slides (output)

Video/
Audio

GUI of the InterLabs -- Advanced Web-Lecturing System with
Streaming Media (Video, Audio, Data)
at Bradley University (D&D 2002-2009)

Mested FOR... O,
NEXT Laaps

DO WHLE 314 00
UNTIL Locps

Email
Bulletin B.
Chat
Whiteboard
Video-conf.

Audio-conf.

teteeee

Text

PPT slides

Pictures

Web-based
Animation
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Tools for User Interface (GUI) Prototyping:
Design Software-Based Approach

Microsoft:
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Innovative Technology: Active Interface Prototype
(examples)

m A prototype shows the layout of
the user interface, the content,
interaction mechanisms and
overall aesthetic

= Supports validation with the client
of the requirements and analysis

Diagrams for the
Information (content) Modeling
¢ Content Objects (including, Data Objects)

¢ Data Flow Diagrams (DFDs)
¢ Content Model Trees (CMTs)




Analysis Models: Goals and Outputs/Diagrams

Analysis Goal Models or Diagrams
Models
Interaction Describes the manner in which users B Use Cases (UCs)
model interact with the WebApp. B User interface prototypes
Information Identifies the full spectrum of content B Content Objects (including, Data Objects)
model to be provided by the WebApp. m Data Flow Diagrams (DFDs)
Content includes text, graphics and B Content Model Trees (CMTs)
images, and video and audio data.
Functional Defines the operations that will be B State Transition Diagrams (STDs)
model applied to WebApp content and B Activity Diagrams (ADs)

describes other processing functions
that are independent of content but
necessary to the end user.

B Swim Lane Diagrams (SLDs)

Configuration
model

Describes the environment and
infrastructure in which the WebApp
resides.

Components:

Hardware, operating systems
Software

Internet, browsers

Data Protocols

Security considerations

etc.

o O O 0 O

1. Content Objects (particularly, Data
Objects), Attributes and Methods

A content object contains a set of attributes that act as an aspect, quality, characteristic,

or descriptor of the object

A content object might be:
- a textual description of a product,

- an article describing news event,
- an action photograph,

- a user’s response on a forum,

- a video file,

- an audio file,

- a collection of PPT slides,

etc.

Content Object Name:
Student

Attributes:
« firsrt_name

* last_name

 year of admission
* major

» courses taken

* credits obtained
* home_address
etc.

Methods:

» toadd to a course
» todrop a course

» to change major
etc.




Content Objects = Components of the Content Model

External entities (e.g., other systems, databases, people) that produce or consume information to be
used by the WebApp

Things (e.g., reports, displays, video images) that are part of the information domain for the
problem

Occurrences or events (e.g., a quote or an order) that occur within the context of a user’s interaction
with a WebApp

Roles (e.g., retail purchasers, customer support, salesperson) played by people who
interact with the WebApp

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 of the WebApp

Structures (e.g., sensors, monitoring devices) that define a class of objects or related classes
of objects

Content Objects (particularly, Data Objects),
Attributes, and Methods

Course CourseRegistration Proffessor ProgramOfStudy
&Course ID &StudentlD &Proffessor ID &
EsCourseName CourselD FirstName &:POS_ID
E,Depa((mgnl &PreReq LastName &cc1
g,Desmptuon & Department BpAddressLinet &cc2
ST SType . g‘gjgressmez g cc3
&Student D & CreditHour ,'U”Sj"(() & State & ?5]‘
&5First Name &:NoOfSeats *Dp| ate() &7ip 8702
&LastName & Proffesor HedlEy & EmailD &ECt
8008 &Year Verify() 8 &EC2
EAddress Linet &;CoursesOffered &:EC3
&sAddress Line 2 ®AddCourse() &Salary EEC4
ECity “RemoveCourse() &.EC5
§ State “UpdateCourse() et etreive()
BZip #DisplayCourse() ogin)
&Email ID &User Name ';‘2“;11’22L’,se()
&Department &Password .M,Zi,y()
&Gender &ID Number Bview()
&Phone Number EBRN
BpAdvisor
EFees SVerify()
Vratreive()
L)
‘G‘:)?:I(a)le() ClassSchedule DataBase
“%Delete() &CourselD &DataBaseName
EsSemester Grades &HostName CourseOpinion
&Department & &UserName & P
&Description & Depariment &Password CourselD
&5Room &c . &StudentiD
&ectingDa &2 Courseld &2
&StartTime i oo SConnect) a3
§EndTime S a :C\ose() Q4
CreditHours ! Store() 205
&pFinalGrade @Update()
FRetreive() *Display) Verify() Verify()
SSubmit()
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2. Data Flow Diagrams: A Context Diagram
(with a SINGLE procession unit)

video
source

processing

user \
—

request

NTSC

video signal

Important notes:

. A single processing unit
. No data storage units

. Multiple data sources (providers of data, receivers of data)

digital
video — . |monitor

processing

requested
video
signal
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An Example of Data Flow Diagram: Context Diagram of a
Learning Management System (like Blackboard or Sakai)

Fee Details

Messages

. )
Susst Data Flow Diagrams
Student Professor Administrator User
Manuals:
Provides Password, IDName, Course - COU rse Web site
Courses offered, Notes, Catalog
Assignments, .
Exam ol Grates View Studert Vi View Course - online
Enrolled, Add o List and
PP'DWE’; Details, delete User DUE::H’S
assword, Grades Adds new
IDName, IAfarmatiar Course
Address,
Age efc.
Display
|——Fee Details—m course
- list
|—Payment Mace- 7%!;:: s;“tgi
Learning Management Display
|—Read Messages Notes
o System Joan
o o
Messages » “Assignment »
Display
List of “Assignment Assignments
Classes
Registered
Upload
Class Read Send L— Exam ————»
Added g\s d\a\/ GP st DE\sp\ay B Display uawwau Paper c
s Grades  Bxam , cf0 Hw xam
Display Papers
o
Paper
Classes &
Registered
Exam Home-Work
Grades
Answers Answers
22
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An Example of Data Flow Diagram: Level-0 Diagram of a
Learning Management System (like Blackboard or Sakai)

Student

Professor

Administrator

Guest
User

A single processing
unit has been divided

View—]
Password
IDName
Classes
Registered

Fee Details

Payment

|—Repty——
Messages Message
985 | Reas Box

Class
Registration

Course

L_Register New Student. Post
News

TFQQ'B‘ Announcements |-t
e (" Fee Details
Tolal | And Payment

iew
de

Password,
IDName ~ Register
Admin

Professor

Register
User

Exam
Paper
Vi Home
Gra Work

Answers

ost
HW Answers HW Anst

View

Course
List

Notes

ORC

Assignment

into 2...9 main subsystems
view—|  Course ) !
i~ Catalog (or, systems’ functions)
plosom]
Data storage units are
allowed
-Viow—|
Study i
pioam)  Notes Multiple data sources
(providers of data,
receivers of data)
viow—|
Assignments
| upiosom]
—vien—|
Udoasw|  Exam
Papers

v \
Regiarsd Grades Mnanere 2
An Example of Data Flow Diagram: Level-0 Data Flow Diagram of the
“University of Missouri — St. Louis Student Registration System”
Acmissions. Computing » Sadent ) )
. . A single processing
‘ unit has been divided
o into main sub systems
(or, systems’ functions)
Reglsar i
‘ | » Data storage units are
allowed
» Multiple data sources
e (providers of data,
receivers of data)
oo i
T
st e 4@
gt http:// umsl. i |t html
24
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Web Information
Exchange — Notation
(in WebML and UML
formats)

WebML- UML-

compliant compliant
Actor Unit
Actor
- Incoming ~ Incoming
Flow ‘\J) * Flow
Description Outgoing QOutgoing
Flow
Flow Actor

D Transient
Supplier——— =)
Persistent

Supplied Information Unit

<< Supplied Info Unit >>
ID

ier —*1
et Supplier Supplier = value
Type = Transient
Description = value

Derived Information Unit

Derivation Incoming liorring
DerivedInfoUnit ID Unit ID
/4—— IncomingFlow
B ™ «—— IncomingFlow
Transient DerivationUnit ID

DerivedinfoUnit ID Unit ID

Derivation
<<DerivedinfoUnit>>

7 D

<+ IncomingFlow

. =—— IncomingFlow IncomingFlow = value

Persistent IncomingFlow = value

Type = Transient

Description = value

-—

25
Obtained via Interview SHA.com
( N
N J
Web Information
Exchange — An Updeis Plans s
Example [ " FloorPlan
[ ‘ g
HomeOwner
( A Se P! {ati
kil | Caleylcfe
‘ 855 Sensonige.
\ ) | ]
\
\ Seguritylayout
‘ =S ‘—Q‘eﬂ{Fmeg\'sl edSensors
Add New
"‘ ST sorDeft ‘l‘s Sensor |
— [
' §d |
[} Seasor - |
-
| Lt )
26
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3. Data Trees

In some cases, the interar
and information model mz
from a richer analysis usit
based approach

Data trees depict the rela
among content objects an
hierarchy of content maint
WebApp.

Menu trees depict the hie
relationships among meni
and/or the hierarchy of ob
of a WebApp.

1

Diagrams for the

Functional Modeling

(or,

Behavioral Modeling)

28
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Analysis Models: Goals and Outputs/Diagrams

Analysis Goal Models or Diagrams
Models
Interaction Describes the manner in which users B Use Cases (UCs)
model interact with the WebApp. B User interface prototypes
Information Identifies the full spectrum of content B Content Objects (including, Data Objects)
model to be provided by the WebApp. B Data Flow Diagrams (DFDs)
Content includes text, graphics and B Content Model Trees (CMTs)
images, and video and audio data.
Functional Defines the operations that will be W State Transition Diagrams (STDs)

(behavioral)
model

applied to WebApp content and
describes other processing functions
that are independent of content but

W Activity Diagrams (ADs)
B Sequence Diagrams (SDs)
B SwimLane Diagrams (SLDs)

necessary to the end user.

Configuration | Describes the environment and Components:

model infrastructure in which the WebApp Hardware, operating systems
resides. Software

Internet, browsers

Data Protocols

Security considerations

etc.

o O O 0 O

29

Behavioral Modeling

The behavioral model indicates how WebApp will respond to external events.

Events

(clicks, interruptions,
etc.)

Sl

behavior

Web
Application

State transition diagrams (STD) — most popular means of representing a software
behavioral model.

O  State diagrams are most useful when a user interaction triggers a change in the state
of the WebApp—and hence changes the way in which it might react to a user.

O UML state diagrams describe dynamic behaviour of the WebApp as an interaction

occurs.
30
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m  The behavioral model indicates how software will respond to external events.

Behavioral Modeling

m  To create the model, the analyst must perform the following steps:

 Identify events that drive the interaction sequence and understand how
these events relate to specific objects.

» Create a sequence of events for each use-case.

» Build a state diagram for the system.
» Review the behavioral model to verify accuracy and consistency.

31

state

new state

The States of a Web App

—
event(s) causing transition

State - a set of observable circumstances that
characterizes the behavior of a WebApp at
a given time

Event - an occurrence that causes WebApp to
> exhibit some predictable form of

behavior

action(s)

Action - process that occurs as a consequence of
making a transition

State transition - the movement of WebApp from one state to another

32
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Creating Behavior Models

Evaluate all use-cases
to understand the sequence of interaction within the WebApp

Identify events
that drive the interaction sequence and how these events relate to specific
objects

Create a sequence of events and list of corresponding states
or event-trace for each use-case

Build a state transition diagram
for the WebApp

Review the behavior model
to verify accuracy and consistency

33
.
1. State Transition Diagram: An Example
Professor Register
AdminHome
Course Dro|
Click on Reglster course  (Cyick on Drop Course
Invalid Login View
Notes
Valid Login and Click on View notes
Role is Student Student T
Click on
Home Page 2 Assignments
/ Cick on Exam Paper
Jain Page
. Vicy; Logout
Exam Paper
Click on my profile
elick on change
select grades ey
Register
click on message
\ select course list
Ch;
View Message View
Grades Send & Read Course List
34
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An Example: STD of Automated Teller Machine

Stan pushea

Reset” pusned
Display “Insen card" =

WAITING
FOR CARD

WAITING

FOR PASSWD

Carg Insenea ‘Flesal” pusned or wrong password

Display "Enter password” Gioar sorsan

Password ntered
Display“Salect funcion

Gerea WAITING

"Resst” pushed
Gear screen

i FOR CHOICE

l “Transfer fungs’

DISPLAY DEPOSIT TRANSFER
GETSASH ‘ BALANCE ‘ MONEY ‘ FUNDS
i Display "How mucn do you want?"
WAITING
FOR INPUT
Customer enters amount of money
Dispiay “Please wal, getling cash now
CASH
cash avaliable In machine
Display "Plaase taka your eash
retum to "WAITING FOR GHOIGE" state in higher figure
Source: htp:// is/wiki php?titie=Chapter_13
35
. .
An Example: Multi-level STD
Top-level STD in UML format
term classes
]SW‘EU | Being ‘]end | Final
Enroliment
Taught J ’L Exams
canceled student dropped closed
[seminar size > 0]
[seminar size = 0]
An STD with details for the “Enroliment” state in UML format
2 Open For
Progosed Enrollment
student dropped
[seminar size > 0]
classes
Closed to Being |end Final
Schedufed Enroliment term Taught Exams
started
student dropped closed
Source. cancelled [seminar size = 0]
http://www.agilemodeling.comvartifacts/
stateMachineDiagram.htm 36
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2. Activity Diagrams

m |llustrates the processing flow and logical
decisions (algorithms) within the flow.

m  The construction details indicate how
these operations are invoked, and the
interface details for each operation are not
considered until WebApp design
commences.

Camera in use

getCurrentCameraUser()

Report Camera
in use and name
of current user

Camera not in use

requestCameraLock()

Lock unavailable
Lock available

Report Camera
unavailable
Report Camera

now locked for
user

37
Modeling Logic Inside Processing Units in DFDs
R i
38
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Activity
Diagrams

Wandle it m & 17l

Gy @if S

Visi 39
3. Processing of Use Cases:
Sequence Diagrams or Swim Lane Diagrams
Sy Fulmen, | Bilng Sysem
Computer Server ﬂ S,
checkEmail
sendUnsentEmail
newEmail : 4
. S—
InewEmaill downloadEmail 1
nario would 9€ o follcw a temate fiow "JAT"
deleteOldEmail 1
. = T
: ]
Sequence diagrams describe ] @
how user actions collaborate = -
with analysis classes (the ’*4”$
structural elements of a
system). ]
Ause case scenario is a single path tarough -he diagram.
T 1
)
-2
3
g
e
3o
o
4
Source: http: 4/ t-are-ust 40
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Configuration Modeling

41

Analysis Models: Goals and Outputs/Diagrams

Analysis Goal Models or Diagrams
Models
Interaction Describes the manner in which users B Use Cases (UCs)
model interact with the WebApp. B User interface prototypes
Information Identifies the full spectrum of content B Content Objects (including, Data Objects)
model to be provided by the WebApp. B Data Flow Diagrams (DFDs)
Content includes text, graphics and B Content Model Trees (CMTs)
images, and video and audio data.
Functional Defines the operations that will be B State Transition Diagrams (STDs)

(behavioral)
model

applied to WebApp content and
describes other processing functions
that are independent of content but
necessary to the end user.

B Activity Diagrams (ADs)
B Sequence Diagrams (SDs)
B SwimLane Diagrams (SLDs)

Configuration
model *)

Describes the environment and
infrastructure in which the WebApp
resides.

Components:
B Hardware, operating systems
B Software
B Internet, browsers
B Data Protocols
B Security considerations
etc.
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The Configuration (Implementation) Model

Client = On Server side:
- operating system environments,

{ Jk,if . @7E - hardware,
i 857 s - Internet,

Server Network

- Web servers, data servers,
Web applications. . . .
- security considerations,
e | v [
- access to databases,
Operating System Operating System
- data protocols,
Hardware Hardware
| - etc.
m  On the client side:
* Local OS
« Browser software
» Client hardware variations
43
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Configuration Model:
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Available at https://www.racf.bnl.
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Network to
Site 150 et
Cisco 3825-6 |
- TI:,‘Zﬂ
'_\. » VS
192.0232027 PN
2& Tu 192
) il 7
N s N —
Jez.02qzr Ciseo 28511 /_ ‘ |
- - Site 130 343
Network Configuration B :
Corporate |
Model: e e
An Example (from — -4 oo
Site 140 B
CISCO company)
Available at http:; isco.com/en/L i ise/Video/IPVS/IPVS_DG/IPVSchap7.htmi#twp 1069779 45
Lab #1:

Diagramming Tools for Analysis Modeling of Web-Based Systems
and Design Modeling

4 REQUIRED tools to learn:
¢ UMLet or Visual Paradigm,
+ IBM Rational Software,
¢ Microsoft Visio,
¢ Visual Paradigm,

OPTIONAL: ¢ SmartDraw — (7-day trial version)
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CS593 Midterm Assignment
(see detailed assignment on course web site)

Learn the assigned existing Web system.

Create 8 diagrams for WebE Analysis and Design Models using 4
different diagramming tools, including

¢ UMLet or Visual Paradigm,

+ IBM Rational Software,

¢ Microsoft Visio,

¢ Visual Paradigm

OPTIONAL: ¢ SmartDraw — (7-day trial version)

47

Why do we need to know all those
diagrams and models, and tools?
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(In the middle of Fall semester, this student was hired for a full-time position starting)
Dr. Uskov :

I recently had a round of interviews for a position as a Software Engineer. Prior to taking your class, | had
no experience in Software Engineering. My expectation for the start of my career was to be a programmer
for a few years to gain experience. Going into the interviews for a Software Engineering position, | thought
| was probably getting in a little over my head.

Throughout all of the interviews, | was repeatedly asked questions that | was able to answer from what |
have learned in your class.

| was not asked a single question about coding. Everything | was asked involved the analysis and design
process and | was able to apply my knowledge of Use Cases, Class Diagrams, Data Flow Diagrams, State
Transition Diagrams, Entity Relationship Diagrams, etc.

The guys that | interviewed with understood that I'm still a student and I'm no expert, but | was able to
speak their language and display my ability to learn and understand what | will need to know as a Software
Engineer.

| have since been offered a position as an entry level Software Engineer with the company and | believe
that is due in large part to my experiences in your class.

Matt Gihring
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