SUBJECT CODE : 3150711

~ As per New Syllabus of
GUJARAT TECHNOLOGICAL UNIVERSITY

Semester - V (CE / CSE) (Professional Elective - 1)

SOFTWARE ENGINEERING

Anuradha A. Puntambekar
M.E. (Computer)
Formerly Assistant Professor in

PE.S. Modern College of Engineering,
Pune

gz ® Al
ww N
—"TEGHNI

Y PUBLICATIONS

An Up-Thrust for Knawledge

A\

({&f{

SINCE 1993




SOFTWARE ENGINEERING

Subject Code : 3150711 o |
V (Computer Engineering / Computer Science & Engineering ) (Professional Elective . )
Semester - omputer

First Edition : August 2020

This edition is for sale in India only. Sale and Purchase of this book outside of Indiq i
is edi
unauthorized by the publisher.

:C?II Co&m:; vrrg:f? EJ;::fred and ebook version) reserved with Technical Publications, No part of this book
pPuU

hould be reproduced in any form, Electronic, Mechanical, Photocopy or any information storage and
shou ' - . .
refrieval system without prior permission in writing, from Technical Publications, Pune.

Published by :

An Up-Thrust for Knowledge

Printer :
Yogiraj Printers & Binders
Sr.No. 10/1A,

Ghule Industrial Estate, Nanded Village Road,
Tal. . Haveli, Dist. - Pune - 41 1041,

ISBN 978-81-946628-2-2

“ \5’.(:N-IQ&'4’-9'r}\'e.'-':c't\“‘n\‘é'&\'h’qm&x

= Ticnulcnr Amit Residency, Office No.1, 412, Shaniwar Peth, Pune - 411030, M.S. INDIA |
PUBLICATIONS | Ph.: +91-020-24495496/97, Telefax - +91 -020-2.44?5497 |
Email : soles@technicolpublicoﬁons.org Website : www.technicalpublications.org

Course 18

PR T

e SR 0 50

(i)



gy g w7 .

i
h
g
B

PREFACE

The importance of Software Engineering s

well known in various engineerin
fields. ngrwhelmmﬂ response to my books on various subjects inspired me to :rite rhi‘sZ
pook. The book is structured to cover the Rey aspects of the subject Soft\v;re
Engineering. |

The bOOR uses plain, lucid language to explain fundamentals of this subject. Th
boOR provides logical method of explaining various complicated concepts and stev is:
methods to explain the important topics. Each chapter is well supported with neceza
ilustrations. practical examples and solved problems. All the chapters in the book az
arranged in @ proper sequence that permits each topic to build upon earlier studies. All

care has been taRen to make students comfortable in understanding the basic concepts

of the subject.
Representative questions have been added at the end of each section to help the
students in picRing important points from that section.

The book not only covers the entire scope of the subject but explains the philosophy
of the subject. This makes the understanding of this subject more clear and makes it
more interesting. The book will be very useful not only to the students but also to the
subject teachers. The students have to omit nothing and possibly have to cover nothing

more.

[ wish to express my profound thanks to all those who helped in makRing this booR a
reality. Much needed moral support and encouragement is provided on numerous
occasions by my whole family. I wish to thank the Publisher and the entire team of
Technical Publications who have taken immense pain to get this booR in time with
quality printing.

Any suggestion for the improvement of the book will be acknowledged and well

appreciated.
Author

A A Puniambekar
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KX} introduction

Software is nothing but a collection of computer prograﬂj ba:td re]:::d dOCutr.g.,lc_
ionaliti r perfo
that are intended to provide desired features, functionalities and better performance,

Software products may be
1. Generic - That means developed to be sold to a range of different customers,

2. Custom - That means developed for a single customer according to

specification.

m Evolving Role of Software

The evolving role of software means changing role of software. Basically any softwar,
appears in two roles :
—Software as a Product

————Software as a Process
Fig. 1.2.1

Being a product the role of software can be recognised by its computing potentials,
hardware capabilities and accessibility of network computers by the local hardware.
Being a product it also acts as an information transformer ie. producing, managing,
modifying and conveying the source of information.

Being a process the software acts as a vehicle for driving the product. In this role the
duty of software is to control the computer or to establish communications between the

computers. Thus software plays dual role. It is both a product and a vehicle for
delivering a product.

The role of software is significantly changing over past decade. There are many
factors affecting the role of software and those are -

* Changes in computer architectures (Right from Pentium I to supercomputers)
* Improvement in hardware performance.

 Vast increase in amount of memory

* Wide variety of input and outputs(

Ranging from simple text to multimedia videos)
Following table presents the different

roles of software in different era of computing,

Era of computing Software

Early Years Batch Processing

Custom software
Second Fra

Multi user Rea} time systems
Database Systems
Product software

—
T ————
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Third Era Distributed systems

Forth Era Object oriented systems
Expert systems
Parallel computing
Network computers

Fifth Era \ Web technologies
mobile computing

o As 1990 began, Toffler described power shift. That is-old systems such as
Government, educational, economic, military make use of computers performing
the assigned tasks. And software lead to democratization of knowledge.

Democratization of knowledge means use of computers at all the public places and

development of useful software applications allowed more and more people to access it.
New technologies and improved user experience increasing number of users of the
computers. Due to increasing scale, consumers have greater access to use and purchase
technologically sophisticated products and services.

But this evolutionary role of software brings some crucial problems. Here are some
sample problems encountered due to evolution on software

1. Advances in hardware demand for more capable software.

2. Ability to build new programs can not meet the demand for new programs and
such programs are not sufficient for business and market needs.

3. Vast use of computer based systems brings less use of manpower and ultimately
society becomes more dependant on machine and not on man.

4. Constant struggle for high reliability and quality software.

Review Questions

1. Explain the role of software in democratization of knowledge.

2. Explain the evolving role of software.

m What is Software Engineering ?

“Software engineering is a discipline in which theories, methods and tools are applied to

develop professional software.”

In software engineering a systematic and organized approach is adopted. Based on
the nature of problem and development constraints various tools and techniques are

applied in order to develop quality software.

TECHNICAL PUELICATIONS® - An up thrust for knowledge



1)

Introduction to Software wnd Softwars ¢ "l

Software £ngineering I ",

Role of Software Engineer ’ )
. anized approach |

The software engineer has to adopl gystematic e;m: ”r:f.‘;(.pﬁn” ‘tf”f o ,,n.. Ordey |

produce high quality software, He is also responsible for seieC : Pprop,

method for software development.

KX} software Characteristics
y and therefore it is important to under*,t;,,,(

Software development is a logical activit . ( ,
basic characteristics of software, Some important characteristics OF SQliware are |

* Software is engineered, not manufactured , o

Software devclopxgent and hardware development are two different ac“""t‘es' A goog
design is a backbone for both the activities. Quality problems thak Ocels A hardsyar
manufacturing phase can not be removed easily. On the other hand‘, 'd.unng software
development process such problems can be rectified. In both the activities, developer,
are responsible for producing qualitative product.

* Software does not ware out .
In early stage of hardware development process the failure rate 1s very high because

of manufacturing defects. But after correcting such defects the failure rate gets reduced,
The failure rate remains constant for some period of time and again it starts increasing
because of environmental maladies (extreme temperature, dusts, and vibrations).

On the other hand software does not get affected from such environmental maladies,
Hence ideally it should have an “idealized curve”. But due to some undiscovered errors
the failure rate is high and drops down as soon as the errors get corrected. Hence in
failure rating of software the “actual curve” is as shown in Fig. 1.4.1.

Fallure curves
(Bath tub curves)

|

Software curve

Hardware curve

J

r f- Side effect

of changes

} - Manufacturing ch
defects "
g = 5
2 Wear o —~—
lf out U
L_ Constant failure period 'hfﬂ’.___ﬁ__m__\
— - ———

,__.-.-—_-—-»_nme Tlnwj\

4.1 Failure curves for hardware and softwarg

Fig. 1
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- goftware Engineering

During the life

another
ourve Jooks

Another 8
\» component wears out i
case of software.
1 maintenance.
o Most software i
While developing any
~ functioning properties is T
‘:‘ capacitors and registers are
while developing software pro
. However, noW the softwar
- for reusability of 3
| tructures. Today O

~ For example : in to
ge windows, pull d

like a spike. Thus frequent chang

messa
getting developed to

popularly known as component engineering.

n between Hardware and So

of software if any change is made, some defect
- causes failure rate to be high. Before the curve can re

change is requested and again the failure rate becomes
es in software cause it to deteriorate.

sue with software is that there are no spare
t can be replaced by ano
Therefore software maintenance is more

ther componen

s custom built rather than being assemble

hardware product firstly
cated. Then required hardware compo

assembled according to the desigry
duct. Most of the software is cus

e development approach is ge
oftware components. It is practiced to re
fware industry is trying to make library 0
day’s software, GUI is built using
own menus and many more such
use in-built components in the softwa

ftware Product characteristics

s may get introduced.

turn to original steady state
high. Thus the failure

parts for software. If hardware
¢ but it is not possible in

difficult than the hardware

d from components
design with desired
nents such as ICs,
but this is not done
tom built.

tting changed and we look
use algorithms and data
f reusable components.
the reusable components such as
components. The approach 1s
re, This stream of software is

the circuit

Compariso

' Sr. No. Hardware product charact

! Hardware products aré manufactured.
The quality problems that occur in
hardware manufacturing phase can not
be removed easily.

of hardware development
rate is very high
because of manufacturing defects. But
after correcting such defects the failure
rate gets reduced. The failure rate
remains constant for some period of time
and again it starts increasing because of
environmental maladies.

2 In early stage
the failure

ailable for the

3. There are spare parts av
hardware components. v
4 The hardware unit is assembled from

components

TECHNICAL PUBLICA TIONS

eristics

Software product characteristics
software is engineered and not
manufactured. _
During software development process,

various problems can be identified and

 rectified.

On the other hand, software does not get
affected  from  the environmental
maladies. But due to some undiscove

errors the failure rate is high and drops
down as soon as the errors get corrected.

There are no spare parts for software |

components to replace.

Most software is custom built rather than
being assembled from components.
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Review Questions | |

‘ 1. What is software engineering ? What is the role of software engineer? Compare hardyy,, and
software characteristics. GTU : Winter-2012, May 7

|
|
|

| 2 Explain the difference between software and hardware characteristics.
GTU : Winter-2013, Marjg 4

m Software : Crisis on the Horizon

The software crisis means the decisive time or turning point that software develope,
encounter during software development. Hence software crisis represent varig,
problems that are faced by the software developers during software developmen
process. ‘t

To understand software crisis consider |
following problem that is often faced by

Hardware -+

software industry.
: cost

Software cost is getting increased m
tremendously day-by-day. The software  cost
purchase expenses are higher than the il
hardware purchase. This is becoming —

worrying trend over the years. Following
Years

graph shows the ratio of h/w and s/w
cost vs years - Fig. 1.5.1 Software cost : A software crisis
This graph shows that cost of software is increasing rapidly than the hardware cost
Following are the symptoms of present software crisis -
1. Day-by-day, software purchase cost is getting more than the hardware purchase
cost. Hence major part of budget of any software industry is on software purchase.

2. Software products are difficult to alter, maintain, enhance, debug or modify.

3. Software resources are not being used optimally.
4. User requirements are often evolving and cannot be satisfied fully.
5. Software product not being reliable.

6. Many time software products get crashed on occurrence of specific condition

7. Delivery of software product within specified budget and on scheduleq 1y,

factors that have contributed to make software crisis

me factors that bring the
r volume of software.

ty or quality improve

us » 1 .
e software Crisis -
Following are SO
i) Increasing size 0

Lowered productivi

ment.

i) e
. An up thrust for knowledge

TECHNICAL PUBLICATIO




~ goftware Fngineering
I/ Introduotion to foftware and Software Fnglaasring

e

i) Lack of skilled staff,
iv) Inadequate software training,

2

v)  Growing demand for more software,

~ Solutions to present software crisls -

The most effective solutions to present software crisls can be 1) use and spread of
: goftware engineering practices among software engineers and i) further enhancement in
- goftware engineering desciplines.

I KA software Myths

There are some misbeliefs in the software industry about the software and process of
building software. For any software developer it 18 a must to know such beliefs and

reality about them. Here are some typical myths -

¢ Myth : Using a collection of standards and procedures one can build software.
(Management Myth)
Reality : Eventhough we have all standards and procedures with us for helping
the developer to build software, it is not possible for software professionals to
build desired product. This is because - the collection which we have should be
complete, it should reflect modern techniques and more importantly it should be
adaptable. It should also help the software professional to bring quality in the

product.

o Myth : Add more people to meet deadline of the project. (Management Myth)
Reality : Adding more people in order to catch the schedule will cause the reverse
effect on the software project i.e. software project will get delayed. Because, we
have to spend more time on educating people or informing them about the

project.

o Myth : If a project is outsourced to a third party then all the worries of software

building are over. (Management Myth)
Reality : When a company needs to outsource the project then it simply indicates

that the company does not know how to manage the projects. Sometimes, the
outsourced projects require proper support for development.

e Myth : Even if the software requirements are changing continuously it is possible
to accommodate these changes in the software. (Customer Myth)
Reality : It is true that software is a flexible entity but if continuous changes in the
requirements have to be incorporated then there are chances of introducing more
and more errors in the software. Similarly, the additional resources and more
design modifications may be demanded by the software.

o Myth : We can start writing the program by using general problem statements
only. Later on using problem description we can add up the required

functionalities in the program. (Customer Myth)

~ Reality : It is not possible each time to have cqmprchensiverproblcm statement.

TECHNICAL PUBLICATIONS® - An up thrust for knowledge
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ral problem statements; however by Propey
the software professionals can gather g

s that the problem statement shoy|q be

We have to start with gene
communication with customer 80!
information. The most important thing 1

biguous to begin with. -
. running then its over! (Practitionet's Myth)

Myth : Once the program is . : '
. Re);tlli\ty : Even though we obtain that the program is running major part of wor)

is after delivering it to customer. |

¢ Myth : Working program is the only work product for the software project
geraalci:l;lfn;: xz:hlgng program/software is the major component of any SOftWaFe
project but along with it there are many other elements that s.hou'ld be present in
the software project such as documentation of software, guideline for software |
support.

* Myth : There is no need of documenting the software project; it unnecessarily
slows down the development process. (Practitioner's Myth)
Reality : Documenting the software project helps in establishing ease in use of
software. It helps in creating better quality. Hence documentation is not wastage |
of time but it is a must for any software project. |

Software Engineering : A Layered Technology

GTU : Winter-2011, 2014, Marks 7, Winter-2017, 2018, Marks 3,

Summer-2012, 2019, Marks 4

* Software engineering is a layered technology. Any software can be developed
using these layered approaches. Various layers on which the technology is based
are quality focus layer, process layer, methods layer, tools layer.

Automatic
Software engineering support for software
Provide
— technical details
for software
Foundation
Tools J LT of software
L

Methods Backbone
L J | T of software

Processes

L
Quality management
|

Fig. 1.7.1 Software engineering : A layered approach

e A disciplined quality management is a backbone of software engineerin
technology.

TECHNICAL PUBLICA TIONS® - An up thrust for knowledge
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« Process layer is a foundation of software engineering. Basically, process defines
the framework for timely delivery of software.

. In method layer the actual method of implementation is carried out with the help
of requirement analysis, designing, coding using desired programming constructs
and testing,

« Software tools are used to bring automation in software development process:

« Thus software engineering is a combination of process, methods, and tools for
development of quality software.

Review Questions

1. Define Software Engineering. Draw and explain software Engineering layers.
GTU : Summer-2012, Winter-2014, Marks 7

GTU : Winter-2011, Marks 3,
Marks 3, Summer-2019, Marks 4

red technology.

2. Explain software engineering as a laye g
Winter-2017,2018,

| Process Framework

GTU : Winter-2013, 2014, Marks 7, Summer-2018, Marks 3

q Software process can be defined as the structured set of activities that are required to develop
| the software system.

The fundamental activities are :
o Specification
¢ Design and implementation
o Validation

o Evolution
A software process model is an abstract representation of a process. [t presents a
description of a process from some particular perspective.

Common Process Framework

The process framework is required for representing the common process activities.
As shown in Fig. 1.8.1, the software process is characterized by process framework
activities, task sets and umbrella activities. (See Fig. 1.8.1 on next page.)
Process framework activities
* Communication
» By communicating customer requirement gathering is done.
o Planning - Establishes engineering work plan, describes technical risks, lists
resource requirements, work products produced and defines work schedule.

TECHNICAL PUBLICATIONS(D - An up thrust for knowledge
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Software Process

—

* Process Framework

Action # 1.1

( Tasksets | Work Task

Milestone

Framework
Activity #1

- Action#1.n
‘ <7asksefs - Work Task
Framework . Milestone
Activity #n e o ,
SQA Points

Fig. 1.8.1 Software process framework

* Modeling - The software model is prepared by :
» Analysis of requirements
» Design

¢ Construction - The software design is mapped into a code by :
» Code generation

» Testing
* Deployment -

The software delivered for customer evaluation and feedback is
obtained.

v Collection of software engineering work tasks
* Project milestones

* Software quality assurance points

TE N
CHNICAL PUBLICA TIONS® -An up thrust for knowled
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o

Umbrella activities - The umbrella activities occur throughout the process. They

focus on project mz'magement, tracking and control. The umbrella activities are
1. Software project tracking and control - This is an activity in which software team
can assess progress and take corrective action to maintain schedule.

2, Risk management - The risks that may affect project outcomes or quality can be
analyzed.

3, Software quality assurance - These are activities required to maintain software
quality.

4, Formal technical reviews - It is required to assess engineering work products to
uncover and remove errors before they propagate to next activity.

5. Software configuration management - Managing of configuration process when
any change in the software occurs.

6. Work product preparation and production - The activities to create models,
documents, logs, forms and lists are carried out.

7. Reusability management - It defines criteria for work product reuse.

8. Measurement - In this activity, the process can be defined and collected. Also
project and product measures are used to assist the software team in delivering

the required software.

Review Questions

1. Discuss all generic framework activities with respect to any one process model.
GTU : Winter-2013, Winter-2014, Marks 7

2. Discuss umbrella activities and its role in software development life cycle (SDLC).

GTU : Winter-2014, Marks 7
3. What is process ? Discuss the process framework activities. GTU : Summer 18, Marks J

m Need for Software Process Model GTU : Summer-2016, Marks 3

The software development team must decide the process model that is to be used for
software product development and then the entire team must adhere to it. This is
necessary because the software product development can then be done systematically.
Each team member will understand - what is the next activity and how to do it. Thus
process model will bring the definiteness and discipline in overall development

process.

nd exit criteria for each phase.

Every process model consists of definite entry a
phases is definite. If the process

Hence the transition of the product through various
model is not followed for software development then any team member can perform

TECHNICAL PUBLICA TIONS® - An up thrust for knowledge
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any software development activity, this will ultimately cause a chaos and softwgy,

project will definitely fail. Without using process model, it is difficult to monitor g,
iscuss various process models one by one.

progress of software product. Let us d

1. What is the importance of process model in development of software system.
GTU : Summer-2016, Marks 3

m Software Process Model
GTU : Winter-2011, 2012, 2014, 2017, 2018, 2019,
Summer-2011, 2012, 2013, 2014, 2015, 2016, 2019, Marks 7

Definition of Process Model : The process model can be defined as the abstract
representation of process. The appropriate process model can be chosen based on

abstract representation of process.
The software process model is also known as Software Development Life Cycle

(SDLC) Model or software paradigm.
These models are called prescriptive process models because they are following

some rules for correct usage.
In this model various activities are carried out in some specific sequence to make

the desired software product.
Prescriptive process models

|
' J i

Linear sequential Incremental
process model process model

model
Incremental Prototyping
model
RAD model Spiral model
Concurrent A

development model s
 /

Fig. 1.10.1 Prescriptive process model

e Various prescriptive process models are as shown in Fig. 1.10.1.

m Linear Sequential Model
o The linear sequential model is also called as 'waterfall model' or 'classic life cycle
model. It is the oldest software paradigm. This model suggests a systematic,

sequential approach to software development.

TECHNICAL PUBLICATIONS® - An up thrust for knowledge
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e The software development starts with requirements gathering phase. Then
progresses through analysis, design, coding, testing and maintenance. Following
figure illustrates waterfall model.

Requirement 1
gathering and analysis

\

Design

\ Coding

-Testing

Maintenance

Fig. 1.10.2 Waterfall model

o In requirement gathering and analysis phase the basic requirements of the
system must be understood by software engineer, who is also called Analyst. The
information domain, function, behavioural requirements of the system are
understood. All these requirements are then well documented and discussed
further with the customer, for reviewing.

o The design is an intermediate step between requirements analysis and coding.

Design focuses on program attributes such as -

s Data structure

s Software architecture

» Interface representation

s Algorithmic details.
The requirements are translated in some easy to represent form using which coding
can be done effectively and efficiently. The design needs to be documented for
further use.

o Coding is a step in which design is translated into machine-readable form. If
design is done in sufficient detail then coding can be done effectively. Programs
are created in this phase.

s Testing begins when coding is done. While performing testing the major focus is
on logical internals of the software. The testing ensures execution of all the paths,
functional behaviours. The purpose of testing is to uncover errors, fix the bugs
and meet the customer requirements.

* Maintenance is the longest life cycle phase. When the system is installed and put
in practical use then error may get introduced, correcting such errors and putting
it in use is the major purpose of maintenance activity. Similarly, enhancing
system's services as new requirements are discovered is again maintenance of the
system.

TECHNICAL PUBLICATIONS® - An up thrust for knowledge
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-
Fhin model s widely used model, although it has many d"’"""ml«g : hy
o

L

benetits and drawbacks I8 iy,
Benefits of waterfall model

I The waterfall model is simple to implement.

2 For implementation of small systems waterfall model is ugefy)

Drawbacks of waterfall model
There are some problems that are encountered if we apply the Waterf,||
m“da]
“tan

those are

LIt is difficult to follow the sequential flow in software developmen;
some changes are made at some phases then it may cause some Confusioprr’“’s* i
I n (

2. The requirement analysis is done initially and sometimes it is not possib]
€to 8

all the requirements explicitly in the beginning. This causes difficulty i tate

N the py.
The customer can see the working model of the project only at the mdpro]fcf |
reviewing of the working model; if the customer gets dissatisfied then it 'C:ﬂe’
serious problems. s
4. Linear nature of waterfall model induces blocking states, because certain tasks g,
be dependant on some previous tasks. Hence it is necessary to accomplish 4 m"
dependant tasks first. It may cause long waiting time. :

b LB RY Explain how water-fall model is applicable for the development of 4,

Jollowing systems:
a) University accounting system
b) Interactive system that allows railway passengers to find time and other information

from the terminals installed in the station.

&2

Solution ;
a) University accounting system : If the software developers who have the
experience in developing the account systems then building university account
system based on existing design could be easily managed with water-fall model

b) Interactive system that allows railway passengers to find time and other
information from the terminals installed in the station.

For developing such interactive system, all the requirements must be correct)
identified and analyzed before the designing of the project. The requirements i

vn@.mvrs must be correctly and un-ambiguously understood by the developer
prior to design phase. Once the requirements are well defined then wifé
dx.~‘sviplim_-d design, coding and testing phases the required system can be bull
using water-fall model.
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Example 1.10. s ‘blocki |
p B Wiat is meant by ‘blocking states” in linear sequential model 7
| brings a situation in the project

zf;:tlzx; : Thfe linear nature of linear sequemial mode
e pr
complete t}f;"]ssz)ef:lier:1trr:errll(bers:r h}:ave to wait for other members of the team [0
nt tasks. is situation 1is called “blocki
sequential ) ocking state” in linear
Steg ” der:odel. For example, after performing the requirement gathering and anal eg?g
p ign process can be started. Hence the team working on design stage ha;y té

wait for gathering of all the necessar ' imi
: y requirements. Similarly the programmer
start coding step unless and until the design of the project is complstedg.. sen
Provide three examples of software projects that would be amendable to the
waterfall model, Be specific. GTU : Winter-2019, Marks 3

m : If the software developers who have the

Solution : ) University accounting syste
rience in developing the account systems then building university account system
managed with water-fall model.
d time and other

expe

based on existing
to fin

design could be easily
b) Interactive system that allows
information from the terminals installed
For developing such interactive system,
identified and analyzed before the designing

end-users must be correctly and un-ambiguously understood by the developers prior 0
e the requirements are well defined then using disciplined desigr

design phase: Onc

coding and testing phases the required system can be built using water-fall model.

¢) Inventory Mana m : The waterfall model is 2 linear sequential model
through various phases.

in which progress caf owing steadily downwards
Once the customer is sa ent analysis, the further development
for handling such

of the project becomes SimP re appropriate
h type of projects.

projects because the requirements are ¢ for suc

m Evolutionary Process Model

railway passengers

in the station.
all the requirements must
of the project. The requirements of

be correctly

gement Syste

pe seen as fl
tisfied with all the requirem

lified. This model is mO
d and specifi

very limite

Building of
quick

While developing the softwaré ‘
Communication

d to make with -
customer design

ms, it 18 often neede

syste
modifications in earlier
development phases 0T the tasks ]
sets. If the development process is | !
Jinear or in a straight line (from N
requirements gathering to g
deployment) then the end product
will be unrealistic. In such cases, Deployment cansyucton
the iterative approach needs to be Y —— of

) and prototype
adopted. The evolutionary process
model is iterative model. Fig. 1.103 orototype model
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m Prototype Mode
| initially the requirement gathering is done

When to choose it ?
o Software applications that are relatively easy to prototype almost always invqy,

. '
1.16 Introduction to Software and
B ) . ) - S()

"Wa i
f !

e

In prototyping mode
Developer and customer define overall objectives; identify areag
‘ n(‘.edm

requirement gathering.
uick design is prepared. This design represents what will 4
e

Moy, |

Then a q
user in input and output format.

From the quick design a prototype is prepared. Customer or user ey,
o refine the requirements. Iteratively Prototype isa Uateg the

Vinbh, ‘

f()r

prototype in order t
the

satisfying customer requirements. Thus prototype is important t, ideng
fy

software requirements.
When working prototype is built, developer use existing program fr,
th t d b . gments 0

program generators to throw away the prototype and rebuild the system t '
B

quality.
Certain classes of mathematical algorithms, subset of command driven SYste
03

and other applications where results can be easily examined without yey] N
interaction can be developed using prototyping paradigm. :

Human-machine Interaction (HCI) the prototyping model is suggested.

A general objective of software is defined but not detailed input, processing o
output requirements. Then in such a case prototyping model is useful.

e When the developer is unsure of the efficiency of an algorithm or the adaptabiliy

Drawbacks of prototype model
1. In the first version itself, customer often wants “few fixes” rather than rebul

of the system whereas rebuilding of new system maintains high level of

2. The first version may have some compromises.

3. Sometimes developer may make implementation compromises t0

of an operating system then prototype serves as a better choice.

quality.

working quickly. Later on developer may become comfortable with compre”
and forget why they are inappropriate.

dil‘:g

get prototyPe

iSEd
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comparison between prototype model and incremental process model
§r. No. Prototype model Incremental process model
L Some requirements are gathered The requirements are precisely defined
initially, but there may be change and there is no confusion about the
in requirements when the working final product of the software.
prototype is  shown to the
CUSIOMET.
2 The development team has The development team with less -
adequate  domain  knowledge. domain  knowledge can  be
Similarly they can adopt the new accommodated due to iterative nature
technologies if product demands. of this model. The change in
technology in the later phase can not
o — betoleraled .~ ... (& 0N
5. All the end-users are involved in All the end-users need not be

Cinvolved in all the phases of

all phases of development. v
- gevelgpment,

- is no

4 There can be use of some reusable y
- nts in development process.

software components in project
development process.

Spiral Model

o This model possess the iterative nature of proto
systematic approaches of the linear sequential model.

o This model gives efficient development of incremental versions of software. In this

model, the software is developed in series of increments.
| is divided into a number of framework activities. These

typing model and controlled and

o The sprial mode
framework activities are denoted by task regions.

o Usually there are six tasks regions. The spiral model is as shown in Fig. 1.104.

opment of large-scale systems and
r better understand the problem
be identified or rectified at

o Spiral model is realistic approach to devel
software. Because customer and develope
statement at each evolutionary level. Also risks can
each such level.

o In the initial pass, product specification is built and in sub
the spiral the prototype gets developed and then more
software gets developed.

sequent passes around
improved versions of

e During planning phase, the cost and schedule of software can be planned and
adjusted based on feedback obtained from customer evaluation.

* In spiral model, project entry point axis is defined. This axis repres
point for different types of projects.

ents starting
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Planning Risk
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Customer
communication [N R
— - T

(L

T e R >

—J

/ = =
Concept B
development S

projects

Project entry
point axis
New
product
development
rojects

Product
enhancement
projects

Product
maintenance
projects

Customer evaluation Construction
and feedback and release

Fig. 1.10.4 Spiral model

For instance, concept development project will start at core of spiral and will contiu:
along the spiral path. If the concept has to be developed into actual project then aterf
hoint 2 the product development process starts. Hence entry point 2 is called produ
jevelopment project entry point. The development of the project can be carried out®
terations.

o The task regions can be described as :

i) Customer communication - In this region, it is suggested to establish ¢
communication.

ii) Planning - All planning activities are carried out in order to define 1€
time line and other project related activities.

iii) Risk analysis - The tasks required to calculate technical an
are carried out.

ustome!

SouIe

e
d management
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iv) Engineering - In this task region, tasks required to build one or more
2 g g ] e OF meorge

representations of applications are carmed out.

v) Construct and release - All the necessary tasks required to construct, test, mstall

support are also carried out in this task region.
vi) Customer evaluation - Customer’s feedback is obtained and based on customer
evaluation required tasks are performed and implemented at installztion stage
e In each region, number of work tasks are carried out depending upon the
characteristics of project. For a small project relatively small number of work tasks
are adopted but for a complex project large number of work tasks can be carried
out.
¢ In spiral model, the software engineering team moves around the spiral n 2
clockwise direction beginning at the core.
Advantages of spiral model
¢ Requirement changes can be made at every stage.

e Risks can be identified and rectified before they get problematic.

Drawbacks of spiral model
o It is based on customer communication. If the communication is not proper then
the software product that gets developed will not be up to the mark.

o It demands considerable risk assessment. If the risk assessment is done properly
then only the successful product can be obtained.

When to choose it ?
1. When the prototypes for the software functionality are needed.
2. When requirements are not very clearly defined or complex.
3. When the large or high budget projects need to be developed.
4. When the risk assessment is very critical and essential

5. When project is not expected within a specific limited time span.

Comparison between Spiral model and Prototyping model

iSr. No. Spiral model Prototyping model

L The development team with less The development team has adequate
domain  knowledge can  be domain knowledge. Similarly they can
accommodated due to iterative nature adopt the new technologies if product
of this model. The change in demands. r
technology in the later phase can not
be tolerated.

TECHNICAL PUBLICA TIONS® - An up thrust for knowledge



) 0 (2]
Qoware Engineenng 120 Introduction to Software are .n!rw,-.,,,,“w
\ HAL 11} ”f,f,rh),

All the end-users are involyed i
n
4

All the end-users need not be involved
phases of development I 1

in all the phases of development.

Funding are stable for these type

Funding are not stable for the projects [
(94

that can be developed using spiral  projets.
modcl.
4 The requirements that are gathered  Some requirements are gathered initially

and analyzed are high reliability ~ but there may be change in requiremens
when the working prototype is shown t

requirements.
the customer.

SRR As you move outward along with process flow path of the spiral model, what
can we say about the software that is being developed or maintained ?

Solution : When software engineering team moves around the spiral, the first circuit
around the spiral results in development of product specification. The subsequent passes
around the spiral might be used to develop prototype in more subsequent manner. In
each pass, through planning region, some adjustments to project plan are made. Cost
and schedule adjustments can also be made according to customer feedback.

eV CRRUEE How does "Project Risk” factor affect the spiral model of software

development ?
Solution : The spiral model demands considerable risk assessment because if a major
risk is not uncovered and managed, problems will occur in the project and then it will

not be acceptable by end user.

SRR How does a spiral model represent a process suitable to represent a real time

problem ?
Solution : Spiral model represents a process suitable to represent a real time proble

because of following reasons -
1. Software evolves as the project progresses. And at every evolutionary level t
risks are identified and managed and risks are reduced at every stage.

2. It enables the developer to apply the prototype approach at any stage in the
evolution of the product. It helps in adopting the approach systematic stepwise

development of the product.
3. The iterative frameworks help in analyzing the product at every evolutionary stage.

4. The spiral model demands a direct consideration of technical risks at all stages of
project. The risks are reduced before they get problematic.

ERTE] incremental Process Model

In this model with limited functionality the basic software product is created for
user's understanding. This model is refined and expanded in later phases.

TECHNICAL PUBLICA TIONS® - An up thrust for knowledge
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RAD Model

The RAD Model is a type of incremental process model o wricn 4
/ i) ere

extremely short development cycle,

159

When the re uirements are : -
i q A s are fully understood  and  the component  based

construction approach is adopted then the KA model 15 used
Using the RAD model the fully functional system can be developed witn #
el witn ,

90 days.
Various phases in RAD are Requirements Cathering, Analysis and Yiaosad,
Design, Build or Construction and finally Deployment. !
Multiple teams work on developing the software systern using, QAL s
parallely.

. With e AETS

hase the developers commmiriczt
I Al it 4)“ iy

In the requirements gathering p
the business process and 1¢40

of the system and understand

software system.

Development process

Team#n

Design |

TeanW L '
’ Busio D
Design |

Requirements
gathering |
o
’ Team#t | Buld " N
Analysis ’ [ ’,’ »
and planning |11 Design H
T
Build —
60 to 90 days period |

cin 1.10.5 Rapid application dov‘ofopmo
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and planning phase, (he analysis on the gathered e

(“”r{lr
ftware development activities jg ¢ Nen

e During analysis
onge, '

planning for various 80O

made and a
varfous models are created. Those modelq

e During the design |\Im.~u‘ are Jy,
model. data model and process model.

e The build is an activity in which using the existing software COMpon ey,

ation tool the h'nplorm-nl‘nl'i(m code is created for the '

ell tested by its team. The functionalities deye

LT ‘

-'lfn]
‘“’ﬂW,:r,
l()p(-d hy i

automatic code gener
system. This code is W
the teams are intvgmtml to form a whole.

e Finally the deployment of all the software components (created by Various
. 1S gy

working on the prnivct) is carried out.
Drawbacks of rapld application development
1. It requires multiple teams or large number of people to work on the scalab
projects. (
2 This model requires heavily committed developer and customers. If commitmep,
lacking then RAD projects will fail. ‘
3. The projects using RAD model requires heavy resources.
4. If there is no appropriate modularization then RAD projects fail. Performance ¢y
be problem to such projects.
5. The projects using RAD model find it difficult to adopt new technologies.

T R RLRA Which type of applications suit RAD model ? Justify your answer.

Solution : The RAD model is suitable for information system applications, business
applications and the for systems that can be modularized because of following reasons -

| This model is similar to waterfall model but it uses very short development cycle
2. It uses compnnonl'-basod construction and emphasises reuse and code generation
3. This model uses multiple teams on scaleable projects.

4 The RAD model is suitable for the projects where technical risks are not high

5. The RAD model requires heavy resources.
TIRRIYY Provide three examples of software projects  that would be amenable

incremental model. Be specific.
. . : . . . \ le v
Solution : There can various examples of software projects that would be amenable

incremental model. For instance -
That means fot
r state of
nd some

{. Banking software service : This service can be personal service.
personal banking system the incremental model can be used. In late
increments, this system can implement insurance service, home loans @
other features of banking services.
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owser application : The base applicati

. il pplication can be d

This is the basic A e developed tabrd

‘ ij the (1; increment of the application. In the later incr;em and distributed.

can be provided to enhance the experience of web browser appli t?“ts the plugins
cations.

3, Operating S stem : i
)\ ° hind){m f u;ocfttiwarle' '. Tl.le oper.atmg system software providing the basi
ystem har gd onalities is the first increment. After the release gf th i
versions then updates or security patches are provided to the customer in the f;aSlC
A ' e form
distribution packge in the form of versions such as basic

of increments. Various
home edition, premium, ultimate and so on can be the increments of operating

system software.

2. Web br

syste

nm Comparison between Various Process Models
Incremental Process Model

4. Evolutionary and

. . Incremental process model

Sr. No. Evolutionary process model

1. $qrpe requirements are gathered The req sisemients are precisely o
}mnally, but there may be change and there is no confusion about the final |
in requirements when  the product of the software.

working prototype is shown to =

the customer. ,
2. The development team has The development team with less domain
adequate domain knowledge- knowledge can be acco odated due to
Gimilarly they can adopt the new iterative nature Oof this model. The
duct demands change in technology in the later phase

technologies if pro ' _
cannot be tolerated:

3. All the end-users areé involved in All the end-users need not be involved
f development.

all phases of deve1°Pmemma“ﬁwPhaseso
use of reusable components ?_

There is no

2. Waterfall Model

Sr. No.
| : erstandin of It i8 develop
5 i regm:'::n\:;eﬂ e fam?liar ce the reqxli{emeqts can be
:eechnqmﬁogy identified at pew iterations:
o - 'edchangescanbeé
. accommodate The requir nges |
. Diffics a :0 the process has made at every Stage of new |
g&‘r’t‘ggs version. 5
3. Can acco@odate jteration put It is iterative model.
irectly- . | e
indirectly: .. ‘ e R on ontfied a0
4. Ri:ks ;fcnh be y‘d:;; fil:u‘e to reduced pefore  theY get
end W roblematic: N
the product [ PO
L — ——"rt — e
o~ ot fOr knowledge

There can be use of some reusable
software components in project

development PrOCESS

Waterfall model

and Spiral Model N

in development process.

AR

Spiral model

in jterations.
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5. The customer can soe  the The customer can < s
working model of the project working  product s mi,,u;'r;
only at the end. After reviewing stages of iterations '
of the working model; if the
customer gets dissatisfied then it
causes serious problems.
6. Customers prefer this model. Developers prefer this maodel
ge
7. This model is good for small  This model is good  for s
systems. systems
8}- It has sequential nature. 1t has evoluti()néry nature
3. Waterfall, Spiral, Prototype and Incremental Model ' e .
A “.w.‘-bm.‘;\.“-‘.\“M.W\\..w..\w.M.\.\.”M-wwaw.w«w,w&mw.,»wA.AW,MW.,,A.M,M,.,,..,,,. s nassss RSB ISASIISI e mode
i odel “‘aemenwl
Waterfall model Spiral model Prototyping ™ ot ]
ts ©ysis <20 =
Requirements ~ must The requirements Requiremen e made analys’s Lo, stages of
" be clearly understood analysis and analysis can ti e of in the 1279 clopment
' and defined at the athering can be done 1% the 1at§t 51 ogment the
| beginning only. in iterations because the eve o ause cycle
requirements " get C}'Cifi,r o get
changed uite often. requit 7 I I
= P ged quite oY :
e R Ve jopment The development
] o .
| The development The developmlent ;I:le l'gf/vi:g P less “:1 e having the
| team having the team having  less : ., orking 2 equ .
| adequate experience experience of w<_)rk1ng eXpertlgﬂces?f fvr experience _of working
| of working on the on the similar on t: 15 all owed in on the similar project
! similar project is projects is allowed in projec cess THO del. is osen to work
| chosen to work on this process model this pro on this type of
| this type of process process model.
mOde1 i S estatd iz e i
. is user There is . user
| There is no user There is no user :I'heri-:ve A g1 involv ement in all
. involvement in all involvement 1N ki hases of the phases of
| the phases of the phases of the 1p B rocess. fovelopment Process.
| development process. development process. d?j’ﬁ__f[’f{{ﬂwﬁw,, ess.
When the Due to jterative ~When developer is When the
| requirements are nature of this model, unsure about the requirements are
. reasonably well the risk identification efficiency of an rea§onably well
| defined and the and rectification  is algorithm  Or the defined, the
| development  effort done before they get adaptability of an development effort
| suggests a purely problematic. Hence operating system then suggests 2 purely
| linear effort then the for handling real time the prototyping linear  effort and
. waterfall model is problems the spiral model is chosen. when limited set of
chosen. model is chosen. software functionality
is needed quickly

then the incrementa
model is chosen.

TECHNICAL PUBLICA TIONS® - An up thrust for knowledge




Software Engineering

1-25

op———

4. Prototype Model and RAD Model

i Sr. No.

1

projects

...........................

not available for such type of projects.

Prototype Model
Requirements are gathered initially but

there can be change in the requirements
in the later stage.

All the requirements can't be specified in

the early stage of the model.

This model allows the development team
that have less experience on similar

The project can be developed with
limited number of resources using

_ prototype model.

The training for the development team is

Requirements  can indicated
complexity of the projects.

Introduction to Software and Software Enginesring

RAD Model

The RAD model is basically an
incremental model and requirements are
precisely defined and there is no change
in the requirements.

All the requirements are defined in the

early stage of the model.

This model require that the development '

team must be well experienced.

The RAD model requires heavy number

of resources.

The people can be trained to work on -
projects using RAD model. :

The requirements can not indicate the
complexity of the projects. . '

Users of the projects that are developed
using Prototype model can be novice or

Users of the projects that are developed
using RAD model are experienced
are the persons who have

persons. They

|

|
|

{
{
|
|

i less experiences persons.

oy used previously used such fype of
i projects. N |
e Explain in brief the spiral model GTU : Summer-2011, Winter-2011, Marks 7
w2 Explain in brief the process model which is used in situations where requirements are well defined
gw‘*-‘ and stable. (Hint : Waterfall model - Refer section 1.10.1). GTU : Summer-2011, Marks 7
ﬁk 3. Explain incremental model for system development. Differentiate it with spiral model ,
® GTU : Summer-2012, Marks 7
@ 4. Explain spiral model and its advantages. Compare prototype model and spiral model.

o GTU : Winter-2012, Summer-2014, Marks 7
AR Explain in detail the process model which is normally suited for the development of large scale

6. Describe two main features of sp
diagram.

software system. (Hint : spiral model - Refer section 1.10.2.2)

GTU : Summer-2013, Marks 7

iral model and discuss working of prototyping model with its

GTU : Winter-2014, Marks 7

7. Discuss incremental process model with its diagram and compare with waterfall model.

GTU : Winter-2014, Summer-2015, Marks 7

|
1
|
|
I
\
|
!
|
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8. Explain prototype model and compare it with waterfall process model. q%"”" '

)

9. Compare prototype and RAD model.
GTU : Summer-2015, 201

9, Winter-20]7 20]

8 2y

10. Explain prototype process model. .

S Stimimer. 201
11. Explain the process model which is used for development of large-scale systep,

MM{; y

GTU Summe; 2014
12. Explain the process model which is normally suits for development of large - scqle SOftar a3
13. Explain spiral model in brief with suitable diagram.
14. What is the importance of process model in development of software system » Explai ks ¢
process model. GTU - Winter.zol& ‘i
15. Explain Waterfall process model. GTU : Summer—l9,‘Winter-2019’ Mo

ERER Agile Process Models GTU : Winter-2017,

i

Marks ¢

The agile processes are the light-weight methods are people-based rather 4,
plan-based methods. The agile process forces the development team to focus
software itself rather than design and documentation. The agile process believa.;
iterative method. The aim of agile process is to deliver the working model of softy;,
quickly to the customer. '

There are various process models used as agile process model. But the most famos
agile process model is extreme Programming.

Review Question §

1. Explain agile development in detail. GTU : Winter 17, Marks ¢

EREY Component Based Development

¢ The commercial off-the-shelves components that are developed by the vendors &
used during the software built.

"
These components have specialized targeted functionalities and well dén,.
: . . . S
interfaces. Hence it is easy to integrate these components into the &1
software.

The component based development model makes use of various Char““‘temﬂ:;\
spiral model. This model is evolutionary in nature. That means the R

. . fr®”
changes can be made in the software during the each iteration of %

development cycle.
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Before beginning the modelling and construction activity of software development
the candidate component must be searched and analyzed. The components ran. r;;
simple functions or can be object oriented classes or methods. '~

Following steps are applied for component based development -

o]

Identify the component based products and analyze them for fitting in the
existing application domain.

o Analyze the component integration issues.

o Design the software architecture to accommodate the components

o Integrate the components into the software architecture.

o Conduct comprehensive testing for the developed software.

o Software reusability is the major advantage of component based development.

o The reusability reduces the development cycle time and overall cost.

EEH Product and Process
GTU : Winter-2011, Summer-2014, 2019, Winter-2019, Marks 7

Development of product depends upon the process which is followed during the

development.
The comparison between the two is as follows -

Sr. No. Software process Software product
L Processes are developed by individual ~Software product is developed by

user and it is used for personal use. ~ multiple users and it is used by large
number of people or customers.

2. Process may be small in size and Software product consists of multiple
possessing limited functionality. It program codes, related documents
defines framework for effective such as SRS, designing documents
product generation. user manuals, test cases and so on.

3. Generally only one person uses the Good graphical user interface is most
process, hence there is a lack of user required by any software product.
interface.

4. Process is generally developed by Software product is developed by

software engineers who are large in

process engineers. _
number and work in a team

Therefore systematic approach of
developing software product must be

applied.
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5. The output of process 18 product. }’rlcl)dui;t dev elopmen; :
........................................ Oowmg process' (x-(l)rn) ‘;
6. For example : For example :
Program developed for parsing the A word processing g
input. o Ll ft“"are.

Review Questions

1. Distinguish between a program and software product.
2. What is software engineering ? What is process ? What is product ?

GTU : Summer-2()14, M
duct ? <

GTU : Summer-2019 Marks
’ i

4. Compare product and process
- GTU : Winter-2
- §

QY

3. What is software engineering ? What is process ? What is pro
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