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e MMEW@ 1-2 Software Process and Agile Development

AL Dec-13, 17, Marks 4

EE lntrnducu-_:n to Software Engineering

k “Softtware engineering is a discipline in which theories, methods and tools are applied to
develop professional software product.”

In software engineering the systematic and organized approach is adopted. Based on
the rlal"ure of the problem and development constraints various tools and techniques are
applied in order to develop quality software.

The definition of software engineering is based on two terms :

* Discipline : For finding the solution to the problem an Engineer applies appropriate
theories, methods and tools. While finding the solutions, Engineers must think of
the organizational and financial constraints. Within these constraints only, he/she
has to find the solution.

* Product : The software product gets developed after following systematic theories,
methods and tools along with the appropriate management activities.

Defining Software

Software is nothing but a collection of computer programs and related documents 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 their

specification,

Software Characteristics
Software development is a logical acti viff,r and therefore it is important to understand
basic characteristics of software. Some important characteristics of software are -

+ Software is engineered, not manufactured
Software development and hardware development are two different activities.
A good design is a backbone for both the activities. -

Quality problems that occur in hardware manufacturing phase can not be removed
easily. On the other hand, during software development process such problems can
be rectified.

In both the activities, developers are responsible for producing qualitative product.

a

o

0
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goftware does not ware out

o Inearly stage of hardware development process the failure rate is very high because

of manufacturing defects. But after correcting such defects the failure rate gets
reduced.

o The failure rate remains constant for some period of time and again it starits

increasing because of environmental maladies (extreme temperature, dusts and
vibrations).

o 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.
o Hence in failure rating of software the “sctual curve” is as shown below :

Failure curves
{Bath tub curves)
| Hardware curve Software curve
L L ]
Side effect
- Manufacturing § 1 Ve i Mes
defects it
p 2
3 = :Il ?a! I
= ar =
w out w CUrve
L constant failure period an = |
Tima e =L _cuve |

Fig. 1.1.1 Failure curves for hardware and software

o During the life of software if any change is made, some defects may get introduced.

o This causes failure rate to be high. Before the curve can return to original steady state
another change is requested and again the failure rate becomes high.

e Thus the failure curve looks like a spike. Thus frequent changes in software cause it
to deteriorate.

o Another issue with software is that there are no spare parts for software.

o If hardware component wears out it can be replaced by another component but it is
not possible in case of software.

Therefore snﬁwam.malnmmce is more difficult than the hardware maintenance.
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« Most software is custom built rather than being assembled from components
» While developing any hardware product firstly the circuit design with desired
functioning properties is created.
o Then required hardware components :_aurh as ICs, :apacftnm and .:ggistem aia
assembled according to the design, but this is not done while developing software

product.
o Most of the software is custom built.
o However, now the software development approach is getting changed and .we look
for reusability of software components.
o Itis practiced to reuse algorithms and data structures.
‘ o Today software industry is trying to make library of reusable components.

o For example : In today’s software, GUI is built using the reusable components such
as message windows, pull down menus and many more such components. The
approach is getting developed to use in-built components in the software. This
stream of software is popularly known as component engineering.

' Categories of Software

Software can be applied in a situation for which a predefined set of procedural steps

(algorithm) exists. Based on a complex growth of software it can be classified into
following categories,

System software - It is collection of programs written to service other programs,
Typical programs in this category are compiler, editors and assemblers. The purpose
of the system software is to establish a communication with the hardware.
Application software - It consists of standalone programs that are developed for
specific business need. This software may be supported by database systems.

* Engineering/Scientific software - This software category has a wide range of
programs from astronomy to volcanology, from automative stress analysis to space

shuttle orbital dynamics and from molecular biology to automated manufacturing.
This software is based on complex numeric computations.

.! Embedded software - This category consists of program that can reside within a

| product or system. Such software can be used to implement and control featurss
and functions for the end-user and for the system itself.

Web applications - Web application software consists of various web pages that can

be retrieved by a browser. The web pages can be developed using programming
languages like JAVA, PERL, CGI, HTML, DHTML.
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e Artificial Intelligence software - This kind of software is based on knowledge
based expert systems. Typically, this software is useful in robotics, expert systems,
image and voice recognition, artificial neural networks, theorem proving and game
playing, :

| 1. What is the impact of reusability in software development process? ORI E MR
2

. Write a note on the unique characters of a software, AU : Dec.-17, Marks 3

[E Goals and Objectives of Software
While developing software following are common objectives.
1. Satisfy users requirements - Many programmers simply don't do what the end

user wants because they do not understand user requirements. Hence it becomes
necessary to understand the demand of end user and accordingly software should
be developed.

2 High reliability - Mistakes or bugs in a program can be expensive in terms of
human lives, money, and customer relation. For instance, Microsoft has faced marny
problems because earlier release of windows has many problems. Thus software
should be delivered only if high reliability is achieved.

3. Low maintenance costs - Maintenance of software is an activity that can be done
only after delivering the software to the customer. Any small change in software
should not cause restructuring of whole software. This indicates that the design of
software has poor quality. .

4. Delivery on time - It is very difficult to predict the exact time on which the software
can be completed. But a systematic development of software can lead to meet the
given deadline.

5. Low production costs - The software product should be cost effective.

6. High performance - The high performance software are expected to achieve
Optimization in speed and memory usage.

7. Ease of reuse - Use same software in different systems and software.

Er""imﬂﬂ'ients reduce development costs and also improve the reliability. Hence

’-'Ellsabj]jt}, of developed software is an important property.

E e s e
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» 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.

* A disciplined quality management is a backbone of software

engineering technology.

* Process layer is a foundation of software engineering,

: 1-6
Software Engineening
WMEI’__,_
e nd Program
ucta
[EN pifference between Software Prod T PRET IR B
e T oftware produc
e —__— roduct is developed by multiple
~ Pro are developed by individual user Software prociuct Is deve multipls
1, SR i fok i users and it is used by large number of
*‘wﬂﬂ'ﬂ b i people or customers.
o s oo sl B posses Software product consists of multiple
2 ‘ﬂmltﬁdfm\;:“ﬁenrﬁlit}r ok m e HiI"-E program codes, related documents such as
R T et _ SRS, design documents user manuals, best
e cases and so on.
: : : minhhi interface is maost
Generally only one person uses the program, Good graphical wuser in
i hence ﬂm;:mis}: lack of user interface. © required by any software product i
Program is  generally developed by Software product is developed by software
2 programmer. a]ijf 5 i engineers who are large in number and
i R TR : . work in a team. Therefore systematic
- approach of developing software product
TR A must be applied.
5 Farmmp'lg_:’-'_,'-'{;.jﬂ:;_':'::':E::E';_'___ For example :
B Pmp‘amufﬂm‘ﬁn s A word processing software.
Layered Technology AU : May-22, Marks 7

Tools
Methods

Processes

Quality management

Fig. 1.4.1 Layered
technology

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

testing.

* Software tools are used to bring automation in software devalg
¢ Thus software engineering is a combination

development of quality software,

Review Question

Programming constructs and

pment process.
of process, methods, and tools for

1. Software engineering is a layered approach, Justifiy

AUl : May-22, Marks 7

—_-_‘_-_-_
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m Software Process m

hxga}hun re process can be defined as the structured set of activities that are reguired to develop

W systemn. ' : sk

The fundamental activities are :

» Specification ¢ Design and implementation
» Validation » Evolution
A software process model is an abstract representation of a process. It presents a
description of a process from some particular perspective.

Common Process Framework

The process framework is required for representing the common process activities.

Software process
Process framework
Lmbredla activities

Wiork task
Mibaslaone - Tasksel Framework
[S0A points . Activity #1

Work task
Milesions - Tasksel = Framawork
S04 poinis Activity #n

Fig. 1.5.1 Software process framework

As shown in Fig. 1.5.1, the software process is characterized by process framework
activities, tagk sets and umbrella activities.

Process framework activities
* Communication
* By communicating customer requirement gathering is done.

* Planning - Establishes engineering work plan, describes technical risks, lists
fesource requirements, work products produced and defines work schedule.
* Modeling - The software model is prepared by :

* Analysis of requirements
= Design
‘--‘-‘-‘-.-‘_‘_'—l—|_

e —
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* Construction - The software design is mapped into a code by :
s Code generation
» Testing

* Deployment - The software delivered for customer evaluation and feedback i,

obtained.

Task sets - The task set defines the actual work done in order to achieve the software
objective. The task set is used to adopt the framework activities and project team
requirements using :

= Collection of software engineering work tasks
» Project milestones
* Software quality assurance points

Umbrella activities - The umbrella activities occur throughout the process. They focus
on project management, tracking and control. The umbrella activities are

1. Software pm]ect tracking and control - This is an activity in which software team

can assess progress and take corrective action to maintain schedule.

Z. 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.

Capability Maturity Model (CMM)

* The Software Engineering Institute (SEI) has developed a comprehensive process
meta-model emphasizing process maturity, It is predicated on a set of system and
software capabilities that should be present when organizations reach different

levels of process capability and maturity.
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* The Capability Maturity Model (CMM) is used in assessing how well an

organization's processes allow to complete and manage new software projects.

» Various process maturity levels are :

Level 1: Initial - Few processes are defined and individual efforts are taken.

Level 2 : Repeatable - To track cost schedule and functionality basic project
management processes are established. Depending on earlier successes of projects with
similar applications necessary process discipline can be repeated.

Level 3 : Defined - The process is standardized, documented and followed. All the
projects use documented and approved version of software process which is useful in
developing and supporting software.

Level 4 : Managed - Both the software process and product are quantitatively
understood and controlled using detailed measures.

Level 5 : Optimizing - Establish mechanisms to plan and implement change.
Innovative ideas and technologies can be tested.

Thus CMM is used for improving the software project.

Review Queaestions

1. Explain the CMMI model to access the organization level. AU : Dec.-17, Marks 7

2. Discuss in brief about the typical activities involved under umbrella activifies in software
Engingering.

Prescriptive Process Models
AU : May-05,06.09,15,16,17,18.22, Dec.-06,09,11,16,17,19,20,22, Marks 16

* Definition of Process Model : The process model can be defined as the absiract
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.
s In this model various activities are carried out in some specific sequence to make the

desired software product.
* Various prescriptive process models are -
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Prescriptive Process models

¥

b . onary |
I.:“ﬂ.J romts mod F'E::::IB model

model Prooess mode
L Incremental —— Pratotyping
model
: | Spiral model
—— RAD model
Concurrant

Development model

Fig. 1.6.1 Prescriptive process model

Need for Process Model

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, |

Every process model consists of definite entry and exit criteria for each phase. Hence

the transition of the product through various phases is definite. If the process model is not |

followed for software development then any team member can perform any software

development activity, this will ultimately cause a chaos and software project Wﬂl.:
definitely fail without using process model, it is difficult to monitor the progress of

software product. Let us discuss various process models one by one.

Waterfall Model

* The waterfall model is also called as
model’. It is the oldest software paradi
sequential approach to software development,

e The software development starts with

figure illustrates waterfall model.
* Inrequirement gathering and analysis
must be understood by software en

information domain, function, behavioural requirements of the system are

e

linear-sequential model' or 'classic life t}rrlfj
gm. This model suggests a S}FEI;-E]_ﬂﬂﬁfu-

: requirements gathering phase. Then
progresses through analysis, design, coding, testing and maintenance. Following:

Phase the basic requirements of the system
gineer, who is also called Analyst. The:
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Fig. 1.6.2 Waterfall model

understood. All these requirementé are then well documented and discussed
further with the customer, for reviewing.

® The design is an intermediate step between requirements analysis and coding,

Design focuses on program attributes such as -
= Data structure
» Software architecture
» Interface representation
= 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.

* 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.

» 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.

This model is widely used model, although it has many drawbacks. Let us discuss
benefits and drawbacks.
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[ — e i



1-12 Software Process and Agile nﬂﬁ,ﬂ%m

Object Orisnted Softwars Engineering

Benefits of waterfall model

1. The waterfall model is simple to implement.

2, For implementation of small systems waterfall model is useful.

Drawbacks of waterfall model P
There are some problems that are encountered if we apply the waterfall mode]

those are |

1. It is difficult to follow the sequential flow in software development process. If soms
changes are made at some phases then it may cause some confusion.

2. The requirement analysis is done initially and sometimes it is not possible to state
all the requirements explicitly in the beginning. This causes difficulty in the project,

3. The customer can see the working model of the project only at the end. After
reviewing of the working model; if the customer gets dissatisfied then it causes
serious problems.

4. Linear nature of waterfall model induces blocking states, because certain tasks may
be dependant on some previous tasks. Hence it is necessary to accomplish all the
dependant tasks first. It may cause long waiting time.

Explain how water-fall model is applicable for the development of the following

_ﬂ.Jr-u:-I-E. 1.6.1
sifstems :
a) University accounting system
« b) Interactive system that ﬂhﬁmﬂmymgws to find time and other information from
|G o
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 th

i € requirements must be correctly
identified and analyzed before the desjon !

BNing of the project, S—
end-users must be correctly and un Project. The requiremen

rior to desi 'ambiguﬂuﬁll"' understood by the developers
gr r ﬁ:ﬂ s ngln Phase. Once the requirements are well defined then using

e esign, codj ; ; :
WA mndjl'ﬂ Ing and testing phases the required system can be built using
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FIEN Incremental Pracess Model
In this model, the initial model with limited functionality is created for user's
understanding about the software product and then this model is refined and expanded

in later releases.

m Incremental Model
« The incremental model has same phases that are in waterfall model. But it is
iterative in nature. The incremental model has following phases.
1. Analysis 2. Design
3. Code 4. Test
« The incremental model delivers series of releases to the customer, These releases are
called increments. More and more functionality is associated with each increment.

[Anafysis}—~{ Desian }—{ Cods }—{ Test|

i
Increment with
enhanced
functionalities | in
el ]
£
c
:
=
£ Increment #2
% ===
o2
! it =—— Increment with very
O g O g O O limited functionality
Tirne

Fig. 1.6.3 The incremental model

* The first increment is called core product. In this release the basic requirements are
implemented and then in subsequent increments new requirements are added.

* The word processing software package can be considered as an example of
incremental model. In the first increment only the document processing facilities are
available. In the second increment, more sophisticated document producing and
processing facilities, file management functionalities are given. In the next
increment spelling and grammar checking facilibes can be given, Thus in
incremental model progressive functionalities are obtained with each release.
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When to choose it ?
1. When requirements are reasonably well-defined.

2. When overall scope of the development effort suggests a purely linear effort,

i 3. When limited set of software functionality needed quickly.

i
; Merits of incremental model

1. The incremental model can be adopted when ﬂ'}EIﬁ are less number of people
) involved in the project.

2. Technical risks can be managed with each increment.

3. For a very small time span, atleast core product can be delivered to the customer.,

R RAD Model
® The'RAD Model is a type of incremental process model in which there is extremely
short development cycle.
¢ When the requirements are fully understood and the com ponent based
construction approach is adopted then the RAD model is used.

* Using the RAD model the fully functional system can be developed within 60 to 90

days.
* Various phases in RAD are Requirements Gathering, Analysis and Planning,
Design, Build or Construction and finally Deployment. -

* Multiple teams work on developing the software system using RAD model

existing software components and
entation code jg Created for the software

teams are integrated to fory, 5 =i - The functionalijes developed by all the

* Finally the deployment of all the
: software
working on the Project) is carrieq ) components (createq by various teams

TR PO e i
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/ Development process
Teamdin
Dasign _l
Team#2 - ;
. Build
Reguiremanis
Deslgn
| !
s
L 3
Team#i Buiid T
(2]
¥,
L

Build

|e———  &0to 90 days period  ——of I
Fig. 1.6.4 Rapid application development
Drawbacks of rapid application development
LIt requires multiple teams or large number of people to work on the scalable
projects.
2. This model requires heavily committed developer and customers. If commitment is
lacking then RAD projects will fail. _
3. The projects using RAD model requires heavy resources.

i LR e e ——

4. If there is no appropriate modularization then RAD projects fail. Performance can
be problem to such projects. _

5. The projects using RAD model find it difficult to adopt new technologies.

F.-'.'|'|'|r_|,7. 1.6 :

Solution : The RAD model is suitable for information system apli.::aﬁnns, business !

Applications and the for systems that can be modularized because of following reasons -
1. This model is similar to waterfall model but it uses very short development cycle.
2Tt uses component-based construction and emphasises reuse and code generation,

_‘-'-'_"'—-—-_
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3. This model uses multiple teams on s
4. The RAD model is suitable for the proj

i OUrCes. = -t

& The RAD model requires heavy res _ _ : -

. ' amenableto

E:L.;‘II]IILHE-‘I.F;?.E Provide three ﬂﬂmP"ﬂ ﬂfwf prﬂfﬂfﬂ by e TR
ul:im.'l. . There can various examples of software projects that would be amenable
incremental model. For instance - .

1. Banking software service : This service can be personal service. That means for |
personal banking system the incremental model can be used. In later state of
increments, this system can implement insurance service, home loans and some
other features of banking services. 3

2. Web browser application : The base application can be developed and distributed,

This is the basic increment of the application. In the later increments the plugins can
be provided to enhance the experience of web browser applications.

3. Operating system software : The operating system software providing the basic
system handling functionalities is the first increment. After the release of the basic
versions then updates or security patches are provided to the customer in the form
of increments. Various distribution package in the form of versions such as basic

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

caleable projects.
acts where technical risks are not high, ]

Evolutionary Process Model

While developing the software systems, it is often needed to make modifications in
earlier development phases or the tasks sets. If the development process is linear or in

ﬂh'ﬂlght line (from IE-E"U.iIE‘[lIEII.t$ Eathering to dEPlﬂ‘}']llE‘Elt} then the end pl‘ﬂduct will be
- unrealistic. In such cases, the iterative approach needs to ;
i : be adopted. The ev
process model is iterative model. P e evolubionary

Prottying
* In prototyping model initially the ¢

equirement gathering is do
* Developer and customer . "

define overall objectives:

T'Equ.i.l'Ement EﬂEhEn'ng. idEnﬁf}r areas needj;ng ml‘JI'Ef
L rrhﬂ:n d ql.liﬂl: dEEiEn iE. pre ared. -rh‘ -

in input and output fnl‘nmti.} * design represents what will be visible to user |
* From the quick des;

gn a protot i
prototype in order tq reﬁﬂe ﬂ_.E!r']'-‘rE '* Prepared. Customer or user evaluates the

satisfying customer reqy; piirements. Iteratively prototype is tuned for
SOFtw : requitements, Thus P[an Fo 3 ;
are requirements, P€ 1s important to identify the

_E_
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customer design
£
v
i prototype

Fig. 1.6.5 Prototyping

* When working prototype is built, developer use existing program fragments or
program generators to throw away the prototype and rebuild the system to high

* Certain dasses of mathematical algorithms, subset of command driven systems and
other applications where results can be easily examined without real time
interaction can be developed using prototyping paradigm.

When to choose it 7
* Software applications that are relatively easy to prototype and that always involve
Human-Computer Interaction (HCI), the prototyping model is suggested.
* A general objective of software is defined but not detailed input, processing or
output requirements. Then in such a case prototyping model is useful.
* When the developer is unsure of the efficiency of an algorithm or the adaptability of
an operating system then prototype serves as a better choice.

Drawbacks of prototyping
L In the first version itself, customer often wants “few fixes” rather than rebuilding of
the system whereas rebuilding of new system maintains high level of quality.
2 The first version may have some compromises.
3. Sometimes developer may make 'implementation compromises to get prototype
Working quickly. Later on developer may become comfortable with compromises
and forget why they are inappropriate.

""-..___-_-_-_-_
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d incremental process model

Comparison between prototyping an
Prototyping

Incremental process mode]

Sr. No.
Some requirements —are gathered
initlally, but there may be dmﬂgel in
requirements  when  the working
prototype is shown to the customer.

The requirements are precisely definag 4
there is no confusion about the final Produc
the software.

The development team has adequate
2. domain knowledge. Similarly they can
adopt the new technologies if product

— )

knowledge can be accommodated dup
iterative nature of this model. The change in

demands. technology in the later phase can not p,
tolerated.
3 All the end-users are involved in all Al the end-users need not be involved in all
: phases of developnient. the phases of development.
i There can be use of some reusable There Is no use of reusable mmpunem
software  components in  project development process.
development process.

152 LTS

* This model possess the iterative nature of prototyping model and controlled and
systematic approaches of the linear sequential model.

This model gives EH:iﬁEﬂt development of incremental versions of software. In this
model, the software is developed in series of increments.
The sprial model is divided into a
Ode number of framework activiti
framework activities are denoted by task regions. it
* Usually there are six tasks repi i
ons. Th ' ; in Fi
Mo R S g on o s egi ¢ spiral model is as shown in Fig. 1.6.6

¢ Spiral model is realistic a

* In the initial
Pass, product ificatiom : ;
the spiral the ¥ specification is built ang in sub

gets developed and Sequent passes around

t 1 a
hen more Improved versions of

of software can be planmed and
_ ; _ er evaluation,
Point for differeny types of proj Pt;mt axis is defi

ned. This axis '
* For i represents starting
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Planning . Risk analysis
Customer
communication

ngineering

Customer evaluation Caonstruction
and feedback and release

Fig. 1.6.6 Spiral model

point 2 is called product development project entry point. The development of the
project can be carried out in iterations.
* The task regions can be described as :

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

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

iii} Risk analysis - The tasks required to calculate technical and management risks
are carried out. :

iv) Engineering - In this task region, tasks required to build one or more
representations of applications are carried out.

= P
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v} Construct and release - All the necessary tasks required to .ﬂ}ngtm':h o
install the application are conducted. Some tﬂﬂ‘tﬁ that are required to proy;

user support are also carried out in this task region.

vi) Customer evaluation - Customer’s feedback is obtained and based
customer evaluation required tasks are performed and implemented
installation stage.

* In each region, number of work tasks are carried out depending upon l'h&!
characteristics of project. For a small project relatively small number of work tagy|
are adopted but for a complex project large number of work tasks can be carried oy

® In spiral model, the software engineering team moves around the spiral ip 5
clockwise direction beginning at the core.

Advantages of spiral model
¢ Requirement changes can be made at every stage. :
* Risks can be identified and rectified before they get problematic.

Drawbacks of spiral modei

. software product that gets developed will

not be up to the mark.
* It demands considerable risk assessm

ent. If the risk assessment is done properly

then enly the successful product can be obtained,

Prutut}?]:iing model

e

The d i
| IEEEIDPMEM team has adequate domain

change in Be. %mﬂaﬂ}' they can adopt the new
not be technologies if Product demands,

—

el - L TN T ‘
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g

L2,

"TAll the end-users need not be involved In all

the phases of development.

All the end-users are involved in all phnﬁaE
development.

o

3.

Funding are not stable for the projects that can

be developed using spiral model.

Funding are stable for these type of projets.

s

"I'he requirements that are gathered and
% analyzed are high reliability requirements.

S -

Some requirements are gathered initally, but
there may be change in requirements when the
working prototype is shown to the customer.

|

Difference between waterfall model and spiral model

Sr. No. Waterfall model Spiral model
1 It requires well understanding of It is developed in iterations. Hence the
: requirements and familiar technology., requirements can be identified at new
iterations.
> Difficult to accommodate changes after The required changes can be made at
: the process has started, every stage of new version.
3 Can accommodate lteration but indirectly, It is iterative model.,
4 Risks can be identified at the end which Risks can be identified and reduced
: ~ may cause failure to the product. before they get problematic.
5 Ihemstpmcansée&mﬂoﬂ:ingmﬁe] The customer can see the working
" of the project only at the end. After product at certain stages of iterations.
reviewing of the working model; if the
customer gets dissafisfied then it causes
serious problems.
6 Customers prefer this model. Developers prefer this model.
. This model is good for small systems, This model is good for large systems.
8. It has sequential nature. It has ﬂnluﬁo;uaqr natire.
- KEXE] Concurrent Development Model

* The concurrent development model is also called as concurrent engineering.

* In this model, the framework activities or software development tasks are
represented as states.

* The modeling or designing phase of software development can be in one of the
states like under development, toaiting for modification, under revision or under review
and so on,

* Fig. 1.6.7 represents these states.
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Fig. 1.6.7 Concurrent development mode|
* All the software devel 1viti
Opment activities exist 1 1
i s s concurrently in this model byt these
* These states make transitons, i |

ing, the transition from under
occurs,

t
he series of events due o which the transition from

* This model defines varigs
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Example 1.6.4 ' AU : Dec.-11. Marks 6
Solution :
Waterfall model Spiral model Prototyping model  Incremental model i:l
irements  must  The requirements RKequirements The requirements
be dearly understood - analysis and gathering  analysis can be made  analysis can be made
and defined at the can he done in in the later stages of  in the later stages of
beginning only. iterations because  the development cycle,  the development cycle.
requirements get  because reguirements :
changed quite often. get changed quite 5
often, ;
The  development The . development The development  The development
team having the team having less team having less  team having the
adequate experience of  experience of working  experience of working  adequate experience
working on the similar  on the similar projects  on the similar  of working on the
project is chosen to . s allowed in this projects is allowed in  similar  project s
work on this type of  process model this process model. chosen to work on this
process model type of process model
There i mo user There & no  user There is user  There is user
involvement in all the  involvement in all the  involvement in all the  involvement in all the
phases of development  phases of development  phases of phases of
process. process. development process, development process.
When the Duetoiterative nature  When developer is  When the
requirements are  of this model, the risk  unsure  about the requirements are
reasonably well  identification and  effidency  of  an  reasonably well
defined and the rectification is done algorithm  or  the  defined, the
development  effort « before  they  get adaptability of an development  effort
Suggests a  purely  problematic. Hence for  operating system then suggests ‘a  purely
linear effort then the handling real time the prototyping  linear effort and when
waterfall model is problems the spiral model is chosen. limited set of software

chosen.

model is chosen.

functionality is needed
quickly  then  the
incremental model is
chosen.

SEUTTRIEY For the scenario described below, which life cycle
#eason wity you would choose this model,

; Tﬁﬁfmimz with the MIS department of a very large il company with multiple
nts. They have a complex legacy system, Migrating the data from this legacy —~

t an easy task and would take a considerable time, The oil compa i
ahout processes, acceptance criteria and legal contracts, ‘

Legacy applications are database management systems. The software

Solution

model would you choose? Give -

Al

.~

e

¢ i5 e

1 Dec.-11, Marks 5 :'p'*-'-:é

C"}_I“Pﬁi'lies normally migrate these applications to some relational databases. For data
mlETﬂlihg Projects a cohesive method that enables the developer to cycle or spiral through

e
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the migration process is required. In this migrating process following steps need tq be

followed -

1-24 mmwammw%

1. Analyze the data.

2. Extract the data which is to be transformed.

3. Transform the extracted data.

4. Validate the transformed data.

5. Load the validated data to the target system.
These above mentioned steps are repeated until the migration is successfully
completed. The risk management must be done properly. All these factors suggest tha
the spiral model is suitable for the given project.

; : s T g G o e -'-:::_:_".:f-:-“i-:‘.g;:'::'::.r;-'.-*-:
Example 1.6.6 -l T be 4 BTTE scena !’iﬂiﬂﬁm AN 'E:P": e S O e
RA would be applicable and not the waterfall model. LB
eferable toall other models. BRI R AT 108

Solution : 1. RAD model would be applicable and not the waterfall model :
Following are some scenario where RAD model would be applicable and not the

waterfall model.

A) The projects in which users are involved in all phases.
B) The projects in which users are experts of problem domain.
C) The project is enhancement of existing system,.

2. Waterfall model is preferable to all other models :

.......

=7 Sutable Lo represent a real time
e AU : CSE, May-05, Marks 5 [

Ocess sui
Suitable to represent a real time problem

evolution of the produyct.
development of the product, the approach systematic stepwisﬂ'

3. The iterative frame
works i :
rxs help in analyzing the product at every evolutionary stage: |
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4, The spiral model demands a direct consideration of technical risks at all stages of
project. The risks are reduced before they get problematic,

Example

AU : May-06, Marks 10
Solution : The RAD model is suitable for information system applications, business
applications and the for systems that can be modularized because of following reasons -

1. This model is similar to waterfall model but it uses very short development cycle.
2. It uses component-based 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 nmde] rEqulres hea!.r},r resources.
Example 1.6.9

Software life cycle model ~ Process model _-?
This model is based on common four activities ;| T]:us model is based on problem  definition,|
analysis, design, code and testing, technical development, software integration and

existing status.

The software development process can be clearly  The software development process cannot be
and systematically defined in phases. nlearl}r'daﬁne-:l in phases.
Customer interaction is possible in every smgeuf Customer interaction is only at initial stage &
software development process in this model,  software development.
[ﬂrgemlepmﬁertsﬁnbehandledusing’dﬁs Iﬂgcnﬂlepmmm,}rhﬂughtmdmhm
approach.  situation using s approsst: sec e Sl E

Eir.'r'lrnp.[;: 1.6.10 = L e

Solution : When software engineering team moves around the E-]J'IT-EII 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

®ach pass, through planning region, some adjustments to project plan are made, Cost and
Schedule adjustments can also be made according to customer feedback.

TECHNICAL PUBLICATIONS® - an up-thrust for knowdedge
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Ofyex : - to be very stmple and the custorn
A software project which is considered model would yo

- - itial stage, which process O
FW'“’ of giving all the requiremenis al the initial stag AU : IT, Dec.-09, Marks 16 & |

dﬂw&;&w ? FLAY WP E o . - .
Solution : The linear -aequential model or a waterfall model is apprupnate when a simple:

ubon : - ‘
project has to be developed with already known requirements.

Waterfall model - Refer section 1.6.2 | T
Asstme that you are the technical manager of a sc:ﬁi:ua‘-_'ra de:!dopmmf e

" organization. A client approached you for a software solution. The problems Stﬂfﬂ? by the
. dlient have uncertainties which lead to loss if it not planned and solved. Which s0

: developmen vill sucgest for this project — justify. Explain that model with its
3 A0 i AU : Dec.-16, Marks 16 [

2 pros and cons and neat sketch, - -

Solution : The uncertainties in problem statement leads to risks in the project. Hence the
spiral model can be used for development of such project.

Spiral model - Refer section 1.6.4.2.
What is the role of use;;mrtfﬁpﬂ.fiaﬂ in the selection of a life cycle model? |

G- oA o o SRR SR A R R S . ; @ AU : May-16, Marks B §

Selution : Due to users' participation , their understanding about the project or system |
e , . s |
increases. Following are the issues that depict the role of user participation in selection of |

life cycle model,

1.]:'1'{#_'1]1:}"1:!& model and RAD model are the life cycle model in which user
involvement is expected in all the phases. :

2. There is no user involvement expected in all the phases of waterfall

and evolutionary development model, iy
3r 5 a |
Eﬁaﬁau model, spiral model, iterative enhancement model or evolutionary |
P |:n;1:_-1[1t n:de] do not require limited user participation - |
model an . |
Prototype m w limited user participation

properly well in advance,
6. For the selection of waterfall

mpde
problem domain, L

it § \
15 not Necessary that the user has expertise of

can be selected by
2 y the us
similar projects, o

T ——
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by

ALl May-16, Marks B

Solation :

1. In the prototyping model, during the first prototype itself, the customer often wants
few fixes rather than rebuilding of new system.

2 Sometimes developer may make implementation compromises to get prototype
working quickly. But later on the developer may become comfortable with
compromises and forget why they were inappropriate.

3. The spiral model is mainly based on customer communication. If the
communication is not proper then the software product that gets developed will
not be up to the mark.

4. During iterative enhancement cycle of project development, if the risk assessment

is not done properly then the product will become total failure.
Example 1.6.15 I-.Jf*’r R ’ i f

'-'..
L CTIT Y B

Solution : Process model : Refer section 1.6.
The process model that can be used for car manufacture is spiral model.
Spiral model : Refer section 1.6.4.2.
Reasons :
1) This is a model in which risks can be identified and rectified before they get
problematic.
2) The iterative framework of this model helps in analyzing the problem at every
evolutionary stage.
3) The required changes can be made at every stage of new version.
4) This model is good for large systems.

review Questions

1. Neatly explain the following process models ond write their advantages and disadvantages.
i) Spiral model, ii} Rapid application development model. w

2. Discuss the prototyping model. What is the effect of designing a prototype on the overall cost o
the software project 7

3. Which process model is best suited for r.l'slg management ? Discuss in detail with an example,
Give the adoandages an isaoantages o the o (A0 Dec. 16 ks 16

4. What is the significance of the spiral model when compared with other models.
ALl : Dee-17, Marks 3

Which software process model is good for risk management ? Explain the model. Describe how
the model is used to layout the objectives, risks and plans for quality improvement.

AL : May-18, Marks 16
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model with a diagramt.
model, spiral model and iterative model.

L ADia, WMW ol

6. Outline the spiral life cycle
7. Compare and contrast materfall

ALl : Dec.-19, Marks 13, May-22, Marks 7

model with advantages and disadvantages

ALl : Dec.-13,14,15.17, May-16.19, Marks iy,

8. Discuss aboul the waterfall model and spiral

iﬂsmdulnd Model 2 .
The specialized models are used when only collection of specialized technique o

methods are expected for developing the specific software.
Various types of specialized models are -
1. Component based development
2. Formal methods model
3. Aspect oriented software development
Let us discuss them in detail.

Component based Development
* The commercial off-the-shelves components that are developed by the vendors are
used during the software built.
. The-;e components have specialized targeted functionalities and well defined
interfaces. Hence it is easy to integrate these components into the existing software.
* The component based development model makes use of various characteristics of

~ spiral model. This model is evolutionary in nature. That means the necessary
ﬁ L ) ]
changes can be made in the software during the each iteration of sof
development cycle, S

o ldentify the component b
: ased
s e ks Products and analyze them for
o Anaflyze the component integration jssyes
Design the software architecty I

]

o
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il #4 Formal Methods Model

o This model consists of the set of activities in which the formal mathematical
specification is used.

« The software engineers specify, develop and test the computer based systems
using the mathematical notations. The notations are specified within the formal
methods.

* Cleanroom software engineering makes use of the formal method approach.

e The advantage of using formal methods model is that it overcomes many problems
that we encounter in traditional software process models. Ambiguity,

incompleteness and inconsistency are those problems that can be overcome if we
use formal methods model. '

User kel Architectural I Formal High
definition requirement . = level
l.""l_ Bments w design specification design.

L

Fig. 1.7.1 Activities for formal method model

* The formal methods model offers defect-free software. However there are some
drawbacks of this model which resists it from getting used widely. These
drawbacks are

@ The formal methods model is time consuming and expensive,

o For using this model, the developers need the strong mathematical
background or some extensive training,

o If this model is chosen for development then the communication with
customer becomes very difficult,

Aspect Oriented Software Development

* In traditional software development process, the system is decomposed into
multiple units of primary functionality. But there are other issues of concern that
do not fit into these primary functionalities. Later on this becomes programmers’
duty to code modules corresponding to the primary functionality and to incorporate
all other concerned issues wherever appropriate.

* Programmers need to keep in mind all the things that need to be done, how to deal

with each issue, the problems associated with them and the correct execution. Due
to these concerns there are chances of appearing

serious problems during
-_-_'—-—-—
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application devel:}pment and maintenance. The coding process ror reahnni
ppli i e I

Ve criﬁfﬂ]. X 4 i s . e
concern becomes VELY ent focuses on the identification, specificati,

Developm ; g
o Aspect-Oriented Software concerns and their modularization int,

i cutting
d resentation of cross- . o ,
:lp&r:f functional units as well as their automated composition into a wﬂrklng

ﬂ.spect;lal requirements define these cross-cutting concerns that have impact on th,
L ]
software architecture.
* Aspect Oriented Software Development (AOSD) is often referred as Aspeg
oriented programming,

e [tisa relativély new software engineering paradigm and is not matured enough,
But is likely that it will adopt the characteristics of both the spiral and concurrent

process models.

Example 1.7.1

i

Solution : Pros : 1] The mathematical approach is useful in building scientific model,
critical systems or simulation of real time systems.
2)The ambiguity or incosistency problems can be eliminated if mathematical |
approach is adopted.
3) Developers are exceptionally committed to the project,

#)The controlled and optimized system can be
approach.

Cons :

o LOEEL
Hi i oy

develﬂped using mathematical

1) The developers
training,
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Solution : 5 _ _

Waterfall model RAD model Spiral model Formal m
T Requirements Requirements must The requirements Requirements — mist

qust be clearly be clearly analysis and gathering clearly

understood  and understood and can be done in iterations defined at the

dofined at the defined at  the because requirements get only.

beginning only. beginning only. changed quite often,

The development The  development The development team The development 1

peam having the #team having the having less experience of having adequate
| adequate adequate experience working on the similar experience ufrwm:k‘inﬁ on

experience of of working on the projects is allowed in this  the similar project is chosen

working on the similar project is process model, to work on this type of

similar project is  chosen to work on process model.

chosen to work on  this type of process

this type of model

process model. :

u the If the development [ the development team If the development team has

development team

knowledge or if it
new b the
technology  then
such a team is

has less domain-

knowledge or if ik
DEW to the
technology then such
a team i not allowed
for this kind of

has less domain
knowledge or if it new to
the technology then such
a beam is allowed for this
kind of process model.

less domain knowledge or
if it new to the technology
then such a team is not
allowed for this kind of
process model.

allowed for this process model.
kind of process
model.
There is no user There @ 1s wser There s no user Limited community mahés']
involvement in all  involvement "in all involvement in all the use of formal methods
the phases of the phases  of phases of development model for their projects
development development process. process. because this methodology s
process. based on  mathematical
theorems, formal methods
and automata theory. ;
Types of Projects :  When there is a tight Due to iterative nature of Whenever there is a need to
When the project schedule or this model, the risk Duild the scientific models
3 : S i based on  mathematical
requirements are project is idenkification and techniques, ar sinulation of]
reasonably well enhancement of the rectification is done  game real time systems or
defined and the existing projects orif before they get when there is a need to
development " thore is use of problematic. Hence for build the systems that can
effort sugpests a rensable components handling  real  time contribute to the reliability
Purely  linear inthe projectthenfor problems fthe spiral g foPUstness (normally
efort then the developing such model is chosen. E:nna! ;Em}m are
waterfall model is  projects this process used. '-
_;ﬁ% miode] is suitable, e
dgram : Driagram : Diagram : Diagram : E
_ReferFig. 162.  ReferFig. 164 . Refer Fig. 1.6.6. Refer Fig. L« L
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1. Explain the component based software development model with a neat 8

ketch. !

Ry

Introduction to Agility
* The Agile Manifesto, also called the Manifesto for Agile Software Dﬂielnplrmnt, m
a formal declaration of four key values and 12 principles to guide an iterative ang
people-centric approach to software development. -
» The agile methods were developed to overcome the weakness of conventiong]
’ software engineering.

e The agile manifesto is represented by following Fig. 1.8.1.
i LAY ._.__.'.: y

G |

Process and tocls

Comprehensive
documentation

Contact negoliation

Following a plan

Fig. 1.8.1 Agile manifesto
l Agile Process AU : Dec.-16, 19, May-19, Marks 4 [

e [n 1980's the heavy weight, plan based software development approach was used|
to develop any software product. |

In this approach too many things are done which were not directly related MJ
software product being produced.

This approach was rigid. That means if requirements get changed, then rework wﬁ!
essential. Hence new methods were proposed in 1990's which are known as agile
processes, |

The agile processes are the light-weight methods
are people- .
based methods, people-based rather l:h‘?m pl.aII

) agile process forces the develo '
pment team to £ : 1
than design and documentation SENB 8 SuLhymie {Helt sahe

The agile process believes in iterative method,

o R—
L ]
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e The aim of agile process is to deliver the working model of software quickly to the
customer.

» For example : Extreme programming is the best known of agile process.

conventional Software Development Methodology

s As the software project makes the progress, the cost of the changes increases non
linearly.

e It is easy to accommodate changes during the requirement gathering stage. At this
stage to accommodate the changes - usage scenarios are modified, list of functions
can be extended, or written specification be edited.

» As the progresses and if the customer suggest the changes during the testing phase
of the software development life cycle then to accommodate these changes the
architectural design needs to be modified and ultimately these changes will affect
other phases of software development cycle. These changes are actually costly to
execute.

Agile Methodology |

 The agile method proponents claim that if the software development is carried out
using the agile approach then it will allow the software team to accommodate
changes late in a software project without dramatic cost and time impact.

e In other words, if the incremental delivery is combined with agile practices such as
continuous unit testing and pair programming then the cost of changes can be
controlled.

* The following graph represents the how the software development approach has a
strong influence on the development cost due to changes suggested.

Cokt al changes
dum to covventianal
gaftware process

S |

Devalopment cost

L |

Timg —==

Fig. 1.9.1 Influence of software development approach on agile process
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Oriented
e development approach emphasizes oy

king software quickly.
ology allows for chang

Pros |
1. Efficient Delivery : Agile softwar
' crements of wor

delivering the small in
2. Flexibility ! The Agiie software development t'l'I.Etth.’i
de throughout the development process.

and adaptions to be ma .
3. Continuous Improvement : Agility encourages continuous

improvement in the software.

4 Transparency : During agile s0
makes all the team members and stakeholders a
challenges and decisions.

5. Reduced Risk : Transparency helps to identify and mitigate risks early on. Wh
everyone is aware of the project's challenges, they can work together to develop
solutions.

reflection and

frware development, daily stand-up meetin
ware of the project's progress,

Cons
1. Need for Disciplined Team : Agile team requires more communication and
collaboration for successful software development. This is difficult for teams that

are new to Agile.

2. More Collaboration and Communication : For Agile Software Development,
there needs more collaboration and communication which is challenging for

large and distributed projects.

3. Lack of Documentation : Agile prioritizes working software over comprehensive
documentation, which can be a disadvantage in situations where documentati

is essential, such as in highly regulated industries. |

Agile Principles
There are famous 12 principles used as agility principles -
1. Satisfy the customer by early and continuous delivery of valuable software.

2. The changes i i
ges in the requirements must be accommodated. Even though the changes

occur late in the software devel o _
accommodate them, i sk » the agile process should help t@

3 Deliver working software qui -
working unit. quite often. Within the shorter time span deliver

4. Business 1
People and developers must work together throughput the project
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fe

1

Lo Criin S Enpieeng 1-35 Software Process and Agile Development

5. Motivate the people ‘r:-'hn are building the projects. Provide the environment and
support to the development team and trust them for the job to be done.

6. The working software is the primary measure of the progress of the software
development.

7.The agile software development approach promote the constant project
development. The constant speed for the development of the product must be
maintained.

8. To enhance the agility there should be continuous technical excellence

9. The proper attention to be given to technical excellence and good design.

10. The simplicity must be maintained while developing the project using this
approach.

11.The teams must be the self-organizing team for getting best architecture,
requirements and design.

12. At regular intervals the team thinks over the issue of becoming effective. Atfter the
careful review the team members adjusts their behavior accordingly.

Review Questions

1. List the principles of agile software development. AU : Dec-16. Marks 4|

2, Define Agility. List any five principles of agility. AL : May-19. Marks 5

3. What is agility ? Elaborate the agile principles. AU : Dec.-19, Marks 13

Extreme Programming

Al : May-19,22, Dec.-20,22, Marks 13

Extreme Programming (XP) is one of the best known agile process. [t is suggested by

Kent Beck in 2000.

XP Values

Beck defined the set of five values that serve as a basis for the work performed in XP.

These values are -

1. Communication .
developers and stakeholders in order to convey the important concepts

. The effective communication must be established between

software
and to get the important feedback.
2, Simplicity : XPP focuses on the current
in the design. Hence the XP believes that the
3. Feedback : The feedback for the software product can be obtained from the
developers of the software, customers, and other software team members.

needs instead of futures needs to incorporate
Software design should be simple.

TECHNICAL PUBLICATIONS™ - an up-thrust for knowiedge
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F] Process

4. Courage : The strict adherence to certain XP practices require E'DUI'EI,EE‘ The agile
team must be disciplined to design the system today, recognize the fu
requirements and make the changes dramatically as per the demand.

5. Respect : By following the above states XP values the agile team can win the respe
of stakeholders.

The extreme pmgrmmmng process is explained as follows -

Customer specifies and priorities the system requirements. Customer becomes one

of the important members of development team. The developer and custome
together prepare a story-card in which customer needs are mentioned.

The developer team then aims to implement the scenarios in the story-card.

After developing the story-card the development team breaks down the total work

in small tasks. The efforts and the estimated resources required for these tasks are
estimated.

The customer priorities the stories for implementation. If the requirement manges

then sometimes unimplemented 'stories have to be r:llscat'ded Then release t‘he
complete software in small and frequent releases.

For accommodating new changes, new story-card must be developed.
Evaluate, the system along with the customer.

This process is demonstrated by the following Fig. 1.10.1.

Releass or
increment

Hﬂ- 1.1'“.1 IP ms
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« Various rules and practices used in extreme programming are as given below -

AT |
XP Principle Description
User story-cards Instead of creating a large requirement

document user stories are written by the
mﬂmmermwmﬂhwhﬂtﬂw}fnﬂﬂdl!;
mentioned.

Release planning A release plan for overall project is prepared|
from which the iteration plan can be
prepared for individual iteration.

Small releases The developer breaks down the user stories
into small releases and a plan for i
 the small functionalities is prepared.

b i
L
L

S

(e

Iterative process Divide the development work into small
iterations, Keep the iteration of nearly
constant length. [terative development helps

::' hlqumknragﬂedﬂwzlupmﬁlt

Stand up meetings The stand up meetmgs must be conducted
fqrﬂ'wm.rrent outcomes of the project.

1S 5,

Simple design Simple design always takes less time than
~ the complex design. It is always good to
keep the things simple to meet the current

T

Tequirements,
Spike solution -~ For a.n&weﬂ.rlg the tough technical problems
; : : create the spike solutions. The goal of these
3 Designing solutions should be'to reduce the lsedu‘uml
;-' : .'I. i mkﬂ 5 - ey
L Rehactoring Refactoring means  reductions in ﬂiﬁ

redunda_m:}r E{inﬂmﬂm J:IE e
designs. This will hnpzm-e- he
Prnim‘l ) Serd ‘

i
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ilability ~ The most essential requirement of the %p
i s availability of the customer. In g,
ogramming the customer not only by,
fhre developer team but it should be the pah"
of the project.
i i ﬂllthemdembemfludedinﬂ-epmj
P mmin
R 5 must be coded by groups of two pqa.;..?1
working at the same computer. This wij

increase the quality of coding.
Collective code By hﬂviﬁg collective code ownership
hi approach the everyone contributes new
0 3 ideas and not any single person becomes the!

bottleneck of the project. Anyone can change|
any line of code to fix a bug or to refactor.

Unit testing The test-first development is done in XP.
The test framework that contains the|
automated test case suite is used to test the
code. All the code must be tested using unit
testing before its release,

2 Continuous integration  As soon as one task is finished integrate it
Testing . into the whole system. Again after such
integration unit testing must be conducted.

No overtime Working overtime lose the spirit and

: motivation of the team. Conduct the release
: planning meeting to change the project
:?;j..,;_:. AR Scope or to reschedule the project.

As mentioned earlier in Extreme Programming instead
documents the user story-card is prepared. For example
banking software then the sample story card can be prepa

1. Customer makes the balance enquiry,

2. Customer withdraws some amount.

of creating large requirement
: If a project is for creai:ingai
red as follows -

LA
v

3. Customer deposits some amount.

amount present in his account is displayed to him,
Then customer can withdraw some amount from his account. The limit of amount to be withdrawn
must be specified. If the Customer crosses that limit then he must be warned. The amount withdraw?
must be deductad from the available balance,

The customer can deposit the desired amount
alance

£ the available b in his account, The deposited amount must be added

o

—-
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Note that, the user story is broken into various tasks and simple classes must be
created for these tasks. From above example it is clear that the useful class in the project
could be ‘account’ . Various data attributes can be account_no, customer name, address,
balance and the useful functions can be deposit(), withdraw(), check_balancef).

Each task can be separately tested using the automated test cases,

Solution : The Extreme Programming (XP) is one of the known agile process. In this
process, to answer complex and difficult technical or design problems spike solution is
created.

The spike solution is very simple program to explore potential solution. The spike is
bulid to only address the problem under examination and all other things can be
" overlooked.

The spike solution reduces the risk of technical problem and increases the reliability of
user story’s estimate.

EBIH industrial XP

* The Industrial XP (IXP) can be defined as the organic evolution of XP. It is customer
centric. It has expanded role for customers and advanced technical practices.

* Various new practices that are appended to XP to create IXP are as follows -

1. Readiness Assessment : In this assessment, following issues are assessed -

L Proper environment must be available to support XP,

ii. Team should contain appropriate and skilled stakeholder

ii. The organization should support quality programs and continuous
improvement,

iv. The organizational culture should support new values of agile team,

2. Project Community : Skilled and efficient people must be chosen as the agile team
members for the success of the project. The team is referred as the community when
extreme programming approach is considered. The project community consists of
technologies, customers and other stakeholders who play the vital role for the
Success of the project. The role of the community members must be explicitly
defined,

3 Project Chartering : Project chartering means assessing the justification for the
Project as a business application. That means, the IXP team assess whether the
Project satisfies the goals and objectives of the organization.

——
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4, Test Driven Management : For assessing the state of the project and its progres,
.indush'ial XP needs some measurable criteria. In test driven managemer

project is tested with the help of these measurable criteria. e

5. Retrospectives : After delivering the software incrementf the specialized .mri“'
conducted which is called as retrospective. The intention of retrospectives "
improve the industrial XP process.

6. Continuous Learning : The team members are inspired and encouraged to |
new methods and techniques that can improve the quality of the product, |

Review Questions

1. Explain the phases in extreme programming process, m

2. Define agile programming. Explain the 12 practices of extreme pmgmmminﬁ. |
3. Explain Pros and Cons of agile software development. m
4. Discuss about the various practices of extreme programming. m
5.  Briefly explain the 12 principles of extreme programming. m
6. State the principles

to be followed to achiepe agility in software engh

wering and mention Hhe
type of programming that are widely wsed for agile software developme

.

Two Marks Questions with Answers

Q.1 Write the IEEE definition of software engineering,

Ans. : Software engineering is defined as the application of a systematic, disciplined,
quantifiable approach to the development, operation and maintenance of software.
Q2 Whatis Software ? List the characteristics,

Ans. : Software : Software is a collection of computer Programs and related documents that
are intended to provide desired features,

functionalities and better performan
Characteristics ;

Al : Dec.-17, May-19

ce.

1) Software is engineered not many factured,

2) Software does not ware oLt

3) Most
Q.3
Ans.

software is custom built rather than being assembled from components.

What are two type of software Products 7 m

* There are twq types of software pro
developed and to be sol ifforel
Customers, P sold to the range of di

ducts -
L. Generic - These Products are
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|-_ 2. Custom - These type of products are developed and sold to the specific group of
customers and developed as per their requirements.
Q4  What is software engineering ? AU : Dec13]
oR

Define software engineering, AU : Dec 14,22, May-22
Ans. : Software engineering is a discipline in which theories, methods and tools are applied
to develop professional software product.
Q.5 Software doesn't wear out. Justify. (Refer section 1.1.2}

Q.6 Distinguish between process and methods.

Ans. ; Software process can be defined as the structured set of activities that are required to
develop the software system. Various activities under software process are-

* Specification

* Design and im plementation

+ WValidation

* Evolution

Method is used mainly in object-oriented programming, the term method refers to a

piece of code that is exclusively associated either with a class (called class methods) or
with an object (called instance methods).
Q.7 Why software architecture is important in software process 7 AU : IT, May-05
Ans. ;: The system architecture defines the role of hardware, software, people, database
procedures and other system elements. The architectural design of the system help the
developer to understand the system as a whole. Hence system architecture must be built
before specifications are completed. Thus architectural design is important in software
engineering.
Q.8 What are the drawbacks of rapid application development life cycle model ?

(Refer section 1.6.3.2) AU : CSE, May-05
0.9 List out the problems encountered in linear sequential model.

(Refer section 1.6.2) ALl : May-06
Q.10  what is meant by ‘blocking states’ in linear sequential model 7 AU : 17, Dec.08]

Ans. : The linear nature of linear sequential model brings a situation in the project that
some project team members have to wait for other members of the team to complete the
dependent tasks. This situation is called “blocking state” in linear sequential model. For
example, after performing the requirement gathering and analysis step the design process
can be started. Hence the team working on design stage has to wait for gathering of all the
necessary requirements. Similarly the programmers can not start coding step unless and
until the design of the project is completed.

T T il e et N e L O e e e W AT
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—
Q.11  What are the advantages of prototyping model 7 mi
Ans. : Advantages of prototyping model - . . | |
1. The working model of the system can be quickly designed by constructioy, of
prototype. This gives the idea of final system to the user.

2. The prototype is evaluated by the user and the requirements can be refingq
during the process of software development.

3. This method encourages active participation of developer and user.
4. This type of model is cost effective,

5. This model helps to refine the potential risks associated with the delivery of the
final system,
6. The system development speed can be increased with this approach.
Q12  Write any two software engineering challenges.
Ans. : The key challenges faced by software en gineering are -
1. Delivery times challenge

ALLIT, May-07F, Dec.-22

There is increasing pressure for faster delivery of software. When the complexity of
the systems that we develop increases, this challenge becomes harder.

2. Heterogeneity challenge .
Sometimes systems are distributed and include a mix of hardware and software.

This implies that software systems must cleanly integrate with other different software
systems, built by different organizations and team

hardware and software platform.

Q.13 Identify in which phase of the software life cycle
a) Architectural design b) Test plan

¢) Cost estimate d) Source code document.

which may be using differe

the following documents are delivered.

|Ans. :

ALl - IT, May-07

Project management and planning

—r
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i

" documentation (documentation can be in hard copy form or it may be in visual form).
some of the examples of software product are databases, word processors, drawing tools.

The process in software engineering can be defined as the structured set of activities
that are required to develop software system. Various activities under software process

are -
» Specification

» Design and implementation
, e Validation

« Evolution

Q.15 What are the phases encompassed In the RAD model ?
| Ans. : Various phases in the RAD model are

- 1. Business modelling 2. Data modelling 3. Process modelling
4. Application generation 5. Testing and turnover

nf' -Q,16 Define a system and computer based system.
Ans. : System : A system can be defined as a purposeful collection of inter-related
components working together to achieve some common objectives.

Computer based system : The computer based system can be defined as a set or an
arrangement of elements that are organized to accomplish some predefined goal by

. processing information.
Q.17 Which process model leads to software reuse 7 Why ? AU : 1T, Dec.-07
Ans, ;: The object oriented model is used for the software reuse because - this model is
] based on the incremental development of the software product. This can be done in one or
more iterations.

I Q.18 State the banefits of waterfall life cycle model for software development. |[LIVEN) A FEWE:E
Ans, : 1. The waterfall model is simple to implement.
2. For implementation of small systems the waterfall model is used.

Q.19 How does "Project Risk" factor affect the spiral model of software development ?

ALF: CSE, May-09

Ans. : The spiral model demands considerable risk assessment because if a major risk is not
urcovered and managed, problems will occur in the project and then it will not be
acceptable by end user.

Q.20 Define software. ALl - IT, Dec.-08

‘.'""' : Software is a collection of computer programs and related documents that are
intended to provide desired features, functionalities and performance. A software can be of
two types - 1. Generic software  and 2. Custom software.

B e
|
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Object Oriented Software Engineering
Write down the generic process framework activities that is applicable to any softwg,,

project. (Refer section 1.5.1) m

.22 What is software process model 2 On what basis it Is chosen 7
Ans. : The software process model can be defined as abstract representation of process. It j

based on nature of software project.

Q.23 What is software process ? AU : May-13, Dec. 19

Ans. : Software process can be defined as the structured set of activities that are required to
develop the software system. The fundamental activities are -

1. Specification 2. Design and Implementation 3. Validation 4. Evolution

Q.21

Q.24 Write the process framework and Umbrella activities
Ans. : Process Framework : Process framework is required for representing the common
process activities. The process framework activities are -

1. Communication 2. Planning 3. Modeling

4. Construction 2. Deployment
Umbrella Activities : The umbrella activities focus on project management, tracking and
control. These activities are -

1. Software Project tracking and Control

2. Risk Management |

3. Software Quality Assurance

4. Formal Technical Review ,

5. Software Configuration Management

6. Work Production Preparation and production

7. Reusability Management

8. Measurement

Q.25 What are the pros and cons of lterative software development models 7
Ans. : Pros : 1) The changes in requirements or
or

2) Risks can be identified and rectified before they get problematic, i

Cons : 1) This mode] is typically based on customer communica

is not proper the software product that gets developed
requirements.

AU : Dec.-06, 15

additions of functionality is possible.

tion. If the communication|
will not be exactly as per the

2) The development process may get continued and never finish,
Q.26 What led to the transition from product

oriented development to proces nted
development to process oriented developme d il

nt 7 m

—-'-IH




Object Orantad Software Engineering 1-45 Sattware Frocess and Agile Develgpment

Ans. ; The software process model led to the transition from product oriented development
to process oriented development.

.27 Mention the characteristics of software contrasting It with characteristics of hardware.

AU < May 16]
Ans.: 1) Software is engineered and not manufactured.
2) Software does not ware out. 3) The software is custom built

rather than being assembled from components,
Q.28 If you have to develop a word processing software product, what process model will you

choose 7 Justify your answer, AU : Dec.-16, May-17]

Ans. : The incremental process model will be used to develop word processing software

product.
Justification : 1) The working software can be generated quickly and early during the
software life cycle.

2) The customers can respond fo its functionalities after every increment.

0.29 Depict the relationship between work product, task, activity and system.
Ans. :

+ Each framework activity under umbrella activities of software process framework
consists of various task sets.

» Each task set consists of work tasks, work products, quality assurance points and
project milestones. The task sets accomodate the needs of the system getting
developed.

Q.30 List two deficiencies in waterfall model. Which process model do you suggest to
overcome each efficlency ?

Ans. : i) It is difficult to define all the requirement at the beginning of project, this model is
not suitable for accomodating any change.

To overcome this efficiency : Prototyping model.
ii) It does not scale up to large projects.
To overcome this efficiency : Spiral model

Q.31 i you have to develop a word processing software product, what process model will you
choose 7 Justify your answer.
Ans. : The incremental model can be used for developing a word processing software

Product. This is because the basic functionality of word editing tasks can be developed and

verified from the customer in the initial increments. Then in subsequent increments the
advanced editing features can be added.
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Q.32 Compare prototyping approaches In a software process.
Ans. : There are two prototyping approaches in a Software process -
1) Evolutionary Prototyping - In this approach of system development, the injty
prototype is prepared and it is then refined through number of stages to finy
stage.
2) Throw-away Prototyping - Using this approach a rough practics]
implementation of the system is produced. The requirement problems can be
identified from this implementation. It is then discarded. System is the
| developed using some différent engineering paradigm.
Q.33 List any two agile process models.
Ans. : 1) Rational Unified Process Model(RUP) 2) SCRUM.
Q-34 Define evolutionary prototype. AU : Dec.-19
Ans. : Evolutionary prototyping is a software development method where the developer o
development team first constructs a prototype. After receiving initial feedback from the

customer, subsequent prototypes are produced, each with additional functionality or
mmprovements, until the final product is built,

Q.35 List out the goals of software engineering. (Refer section 1.2)
Q.36 What are the various categories of software ? (Refer section 1. 1.3)

AU ;: May-1%

AU Dee.-20
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&l Introduction to Software Requirements

What is requirement engineering 7

TR T el e BTy T e A
vl T 1A X ! e A WL 1]
S -} it g T L

: ¥

: the customer requires from a.

.._1.-.‘:. _:._._-.. A1y

The requirements themselves are the descriptions of the system services and
constraints that are generated during the requirements engineering process.
What is a requirement 7

A requirement can range from a high-level abstract statement of a service or of a
system constraint to a detailed mathematical functional specification.

The requirement must be open to mterprétaﬁun and it must be defined in detail.

Types of requirements
The requirements can be classified as

(ypes of requremens

C =) (o) G

Fig. 2.1.1 Types of requirements

* User requirements

It is a collection of statements in natural language plus description of the services the
system provides and its operational constraints. It is written for customers.

* System requirements

Itis a structured document that gives the detailed description of the system services. It
is written as a contract between client and contractor.

* Software specification

It is a detailed software description that can serve as a basis for design or
implementation. Typically it is written for software developers.
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WA Functional and Non Functional Requirements

AL : Dec.-13,17.22. May-13, Marks 11|

Software system requirements can be clagsified as functional and non functiong

mquirements.

Functional Requirements | ey |

« Functional requirements should describe all the required functionality or syster
services.

e The customer should provide statement of service. It should be clear how
system should react to particular inputs and how a particular system she
behave in particular situation.

e Functional requirements are heavily dependant upon the type of software
expected users and the type of system where the software is used.

+ Functional user requirements may be high-level statements of what the system
should do but functional system requirements should describe the system services
in detail.

¢ For example : Consider a library system in which there is a single interface
provided to multiple databases. These databases are collection of articles from

different libraries. A user can search for, download and print these articles for 2
personal study.

From this example we can obtain functional requirements as -

1. The user shall be able to search either all of the initial set of databases or sel
a subset from it.

2. The system shall provide appropriate viewers for the user to read documents
in the document store.

3. A unique identifier (ORDER_ID) should be allocated to every order. This
identifier can be copied by the user to the account’s permanent storage area.

Problems Associated with Requirements
e Requirements imprecision
1. Problems arise when requirements are not precisely stated.

2. Ambiguous requirements may be interpreted in different ways by developers
and users.

3. Consider meaning of term ‘appropriate viewers’,

User intention - Special purpose viewer for each different document type;

Developer interpretation - Provide a text viewer that shows the contents of the
document.

TESRMIA | O AB i & ThmL el o T _/i
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e Requirements completeness and consistency -

The requirements should be both complete and consistent. Complete means they
<hould include descriptions of all facilities required. Consistent means there should be no
conflicts or contradictions in the descriptions of the system facilities,

Actually in practice, it is impossible to produce a complete and consistent
requirements document.

Non Functional Requirements

» The non functional requirements define system properties and constraints.

» Various properties of a system can be : Reliability, response lime, storage
requirements. And constraints of the system can be : Input and output device
capability, system representations etc.

» Process requirements may also specify programming language or development
method.

e Non functional requirements are more eritical than functional requirements. If the
non functional requirements do not meet then the complete system is of no use.

e3R8l Types of Non Functional Requirements
The <classification of non functional requirements is as given below.
(See Fig. 2.2.1 on next page)

Product requirements
These requirements specify how a delivered product should behave in a particular
way. For instance: execution speed, reliability.

Organizational requirements
The requirements which are consequences of organizational policies and procedures

come under this category. For instance: process standards used implementation
requirements.

External requirements

These requirements arise due to the factors that are external to the system and its
development process. For instance : interoperability requirements, legislative
requirements. :

In short, non functional requirements arise through

i)~ User needs '

ii) Because of budget constraints

iii) Organizational policies

iv} The need for interoperability with other software or hardware systems
v) Because of external factors such as safety regulations.
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Metrics used for specifying the non functional requiremants

Events per response time processed transactions
per second.

Kilo bytes.

Mean time to failure. Rate of failure. Occurrence
availability.

Time to restart after failure, Probability of events
causing failure.

MNumber of target statements.

* Domain requirements are derived from the application domain of the system
instead of specific user needs,

* These requirements make use of domain terminologies specific to the existing
domain concept.

* The domain requirements may be in the form of new functional reqﬁirem:ent-‘.,
constraints on existing functional requirement or guidance on how to carry out
certain computation.

* These are the specialised requirements and hence software engineers find it
difficult to co-relate the domain requirements with the system requirements.

* Itis important to specify the domain requirements otherwise the system will not
work properly.

* Example : Domain requirements for the library system.

¢ There should be user interface for handling the databases. These interfaces should
be according to some international standard,

* If there is copyright restriction on some document then it should get printed
locally on the server. The copies of su;h document should not get created.

- - L
Difference between Functional and Non Functional Requirements

i ‘m:ﬂ:immmm specify the The non functional requirements
of l specify the properties of the software
system. -
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' i i describe)
' describe what Non functional requirements X
fﬁl:‘;ﬂr:: fﬁﬁﬁﬁ?mh how the product should perform.

——

i i functional requirements
tunctional requirements specify the The non : ‘
:hl:tfum :rvith rEI:'lhich the work is specify the experience of the user while
concerned. using the system.

" : : :
Example : For a library management Example : For a library managemen
Eyster]r::, allowing user to read the article system, for a user who whishes h.‘ read
| onlineisa functional requirement, the article online must be authenticated
- first.

Metrics used for specifying Non Functional Reguirements
The metrics used for specifying the non functional requirements are -

1. Reliability : The application should be highly reliable and it should generate all
updated information in correct order.

2. Awailability : Any

information must be quickly awvailable from computer to
authorized user.

3. Security : The application must be

Password protected. This feature
aveid any unauthorized access to t

he application.

4. Maintainability : The application should pe maintained in such a manner that i
any change in requirement oceure then it should pe easily incorporated in
individual module,

is essential &

9. Extensibility : The application should be maintained in such manner that if an
new requirement occurs then it should be easily incorporated in an individ
module, :

Portability : The application should be portable on the

7. Reusability : The application sho
can be used again to
Reusable modules and C

desired Operating system.
uld have the abjj;
add new functionalities

lasses reduce implementat

ty that a segment of source

with slight or no modificati
ion time,
8. Resource utilization -

, The application should make yge of resources to |
maximum capability,



S

Object Onented Soffware Engineering 2-9 Requiremants Analysis and Specification
EENTIEER] or the requirement given below, identify stakeholders, functional and
non-functional requirements

A software is to be buill that will control an Automated Teller Machine (ATM), The ATM

maching services customers 24 x 7. ATM has a magnetic stripe reader for reading an ATM

card, a keyboard and display for interaction with the customer, a slot for depositing

envelopes, a dispenser for cash, a printer for printing receipts and a switch that allows an

gperator to start/stop a machine. ‘

The ATM services one customer at a time, When a customer inserts an ATM card and enters

the Persomal Identification Number (PIN), the details are validated for each frﬂﬂﬁi;.'il‘ffﬂﬂ. A

customer can perform one or more transactions. Transactions made against each account are

recorded so as to ensure validity of transactions.

If PIN is invalid, customer is required to re-enter PIN before making a transaction, If

customer is unable to successfully enter PIN after three tries, card is retained by machine

and customer has to contact bank.

The ATM provides the following services to the customer :

3 1) Withdraw cash in multiples of 100

2} Deposit cash in multiples of 100

3) Transfer amonmt betoeen any two accounts.

4) Make balance enguiry,

5) Print receipt.

f Each of the above transactions must be made within 60 seconds in case the time exceeds

| 60 seconds, then the transaction is cancelled automatically. Also, if the machine is not used
for more than two minutes after entry of card, the card is vetained by the machine.

An operator panel with a key-operated switch allows an operator to start and stop the
servicing of customers. When the switch is moved to the "off position, the machine will shu

down, so that the operator may remove deposit envelopes and reload the iachine with cash,

blank receipts, etc. The operator is required fo verify and enter the total cash on hand before
sartin the system fom i pane i Deciss, ke 1]
Solution : i) Stakeholders

Bank customer

Service operator

Hardware and software maintenance engineers
Database administrators

Banking regulators

Security administrator

oW o W N
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ii) Functional requirements
. 1. There should be the facility for the Customer to ins
2. The system should first validate card and PIN. |
3. The system should allow the customer to deposit amount in the bank.
4. The sys.tem should dispense the cash on withdrawal.
5. The system should provide the printout for the transaction.
' 6. The system should make the record of the transactions made by parti
customer.
7. On invalid PIN entry for three times the card sh
8. The cash withdrawal is allowed in multiple of 100.
9. The cash deposition is allowed in multiple of 100.
10. Thé customer is allowed to transfer amount between the two accounts.
11. The customer is allowed to know the balance enquiry.
12. The customer is allowed to get the printout for desired transaction.
13. The system should be efficient.
iii) Non functional requirements
1. Each of the transaction should be made within 60 seconds. If the time limit is
exceeded ,then cancel the transaction automatically.

ert a card.

ould be retained by the system.

2, 1f1lhere 1s no response from the bank computer after request is made within
minutes then the card is rejected with error message,
3. The bank dispenses money only

after the rocessi .
That means if sufficient fund processing of withdrawal from the bank

15 avail in user's
eqmest iy procusiad able in user's account then only the wimdrawﬂg
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Functional requirements
1) The online booking made by the customer should be associated with the account.

2) Booking confirmation must be sent to the user on specified contact details.

3) The system should provide a search option to the user so that user can search for
required train and for required number of reservations.

4) The system should allow the user to make online payments,

5) The system should allow user to book for tickets.

6) The system should allow the user to cancel the booking and half of the amount
paid by the customer must be refunded to him.

Non functional requirements
1) The system must be available to the user for 247,
2) The system should accept the payments via different payment methods like
PayPal, Wallets, Cards, vouchers etc.
3) Use of captcha and encryption to avoid bots from booking tickets.

4) The response time of the system while searching, booking or cancellation
operation should be very less,

Mmuﬂmﬁ the basic issues in non-functional requirement and how if is more
_.mhnﬂi' ﬂmnﬁuwtmndm;mmmﬂs k3 AU : Dec.-22. Marks 6

Solution : Basic issues ; Refer to Metrics used for non-functional requjreménts from
section 2.2.3

In many cases, the non-functional requirements are more critical than the functional
requirements. The non-functional requirements define the success and acceptance of the
System. Users may compromise on some functional requirements but they can not
compromise system performance, reliability, security and user-friendliness. Failure to
these requirements leads to more operational costs and even business failure,

Review Questio n

L. Explain the metrics used for specifying non functional requirements. m

TECHHICAL PUBLICATIONS® . ar) tip-iiurust i broeassoee
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Reguiremants
slicitation
end analysis

g VAR

System Models

DED State requirements.
chart mod . fre

ER Class
diagram | | model

1

Fig. 2.3.1 Requirement engineering process
« A Requirement Engineering is a process in which various activities such a
discovery, analysis and validation of system requirements are done.

Raguiremiant
spacification

User requirement

specification
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s [t begins with feasibility study of the system and ends up with requirement
validation. Finally the requirement docwment has to be prepared.

« This process is a three stage activity where the activities are arranged in the iterative
manner. In the early stage of this process most of the time is spent on
understanding the system by understanding the high-level non functional
requirements and user requirements. The spiral model of requirement engineering
process is as shown in Fig, 2.3.2.

Requirement engineering process performs following seven distinct functions -

&= Inception
= Elicitation
= Elaboration
Requirement
engineering - = Negotiation
tasks
= Specification
+= Validation

*= Requirement management

Fig. 2.3.3 Requirement engineering tasks

Let us now discuss these tasks in detail -

Inception : The inception means specifying the beginning of the software project.
Most of the software projects get started ‘due to business requirements. There may be
potential demand from the market for a particular product,

The purpose of inception is to -
1. Establish the basic understanding of the project.
2. Find out all possible solutions and to identify the nature of the solution.
3. Establish an effective communication between developer and the customer.
. Elicitation : Requirements elicitation means Tequirements discovery. Requirements
elicitation is very difficult task.
Following are the reasons for : why it is difficult to understand customer wants ? -
1. Customer sometimes is unable to specity the scope of the project. Sometimes
customers specify too many technical details and this may increase the confusion.

TECHNICAL PUBLICATIONS® - an up-thrust for knowisdgs
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. 2-14 .
\bisct Orlented Software Engineéring ding the p roblem. Sometimes customer could npg
erstan

LA e mm:f needs and wants. Sometimes the}f ?‘iiﬂ\fﬁ' got F'Dor
decide ;Tt i":f capabilities and limitations of the existing mmpumE:
understanding
environment. -

Sometimes customers find it difficult to communi

about their needs. Sometimes customer

requirements. This ultimately results in Spec

cate with the system engineg
have got some conflicting

3. As project progresses the needs or requirements of the customers changes. Thig

creates a problem of volatility.

To overcome these problems the requirements gathering must be done very

ternatically. |
EYEE],:b-crr:tiun . Elaboration is an activity in which the information about the
requirements is expanded and refined. The goal of elaboration activity is to prepare a

technical model of software functions, features and constraints. The elaboration consists
of several modelling and refinement tasks. In this process several user scenarios are
created and refined. During elaboration, each user scenario is parsed and various classes
are identified. These classes-are nothing but the business entities that are visible to end
user. Then the attributes and services (functions) of these classes are defined. Then the

relationship among these classes is identified. Finally the analysis model gets developed
during the elaboration phase,

Negotiation : Sometimes customer may demand for more than that is achieved or
ﬂm:e are certain situations in which customer demands for something which cannot be
achieved in limited business resources. To handle such situations requirement engineers
must convince the customers or end users by solving various conflicts.

Validation : Requirement validation
is analyzed in order to ensure that the
inconsistencies, omissions and
during the validation,

Requirement management ;
Ellanging requirements duﬂng
development,

REqujTElllEl l‘lS manageme:nl_ 15

. the .
the requirements enginee process of managing

ring Process and S}rsteﬂ"
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EEREEERN Wiat does win-win mean in the context of negotiation during requirements
enginering acivty ? AU Dec19.Marks 3

Solution : From customer point of view the win situation is when the customer gets
satisfied when most of its requirements or expectations from the system gets satisfied.
From developers point of view the win situation is when the system can be developed
within the given budget and within the given schedule.

Review Questions

1. What is requirettients Eﬂgl-ﬂferiug ? Explain in detail the various processes in requirements
engiveering (AU Moy 17, ks 13

2. Write about the following requirements engineering activities.
(i) Inception (ii) Elicitation (iii} Elaboration (iv) Negotiation {(u) Specification
(vi) Validation (vii) Requirements QLEETHL T AL : May-15, Marks (243434+24+2+2+2)

3. Explain the software requirement enginecring process with neat diagram.
ALl : Dee.-15, May.17, Marks 16

4. Duscuss the distinct tasks involved in requirement engineering process.
ALl : Dec.-19, Marks 9

Feasibility Studies AU : May-17,22, Dec.-17, Marks 8

Definition : A feasibility study is a study made to decide whether or not the proposed system is
[worthoohile.

The focus of feasibility study is to check

* If the system contributes to organizational objectives.

* If the system can be engineered using current technology.
s If the system is within the given budget.

« [f the system can be integrated with other useful systems.

The implementation of feasibility study is based on the information assessment (what
5 required), information collection and report writing.
While performing the feasibility study, following questionnaires to the people in the
organization should be asked -
1. What if the system wasn’t implemented ?
2. What are current process problems ?
3. How will the proposed system help ?
4. What will be the integration problems ?
5. Is new technology needed? With what skills ?
6. What facilities must be supported by the proposed system ?

TECHNICAL PUBLICATIONE™ - s up-thrust for knowledgs
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; iect managers who is going tqg
done with the help of projec -
g Em:jrl Sh“r“;]f:;em::am engineers who are about to develop that syste
. ar 3 1 i awa
o Pm::-. and Eustnmer& who will be using the system. Typically the feasibili
technical exper
study should be completed within two to three weeks.

Finally the feasibility study report has to be prepa red.

Feasibility Study _
Trp::aﬂmiul :easibilit].r . Tt is the measurf_r of technical resources such as hardware :
components, software techniques and skilled persons. ' |
2. Economical Feasibility : It is the measure whether finances or funds are available
for proposed system.
3. Operational Feasibility : It is a measure of how well the solution of problems or a
specific alternative solution will work in the organization.
4. Schedule Feasibility : It is the establishment of time limit for completion of the
project. This kind of feasibility is dependent upon available manpower and
economical support for the project.

Thus the feasibility study helps in understanding the requirements of the system. |
Hence feasibility study affects the requirement collection implicitly or explicitly.

Review Questions

Explain the feasibility studies. What are the outcomes ? Does it have implicit or explicit effects

on software requirement collection 7 w
2.

What is feasibility study ? How it helps in requirement engineering process ?

panli AU : Dec.-17, Marks 3 |
3. What is feasibility study ? What are the feasibilities to be analyzed in software development ?

Requirement Gathering and Analysis

: AU : Dec.-16,22 M 0% 1 BT "
After performing feasibility study the R Sl Marks 16

St requirements elicitation :
::lﬂne R‘equiremﬂnt elicitation means djs covery -6t a1l oiatk] and fmaljr"E-ls can be
identifying all possible requirements the P € requirements. After

: analysis o :
.&fmafﬂd engineers communicate the end ) o these requirements can be done

-use i
IS or customers in order to find out certain

expected services from th
system. . i € system, the expected
b decited ¥ From thi P
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Stakeholders

This is a commonly used term in software engineering. The stakeholder means the
person(s) who will be affected by the system. For example : end-user, systerm maintenance
engineers or software engineers can be stakeholders. Following is the list of problems
encountered in understanding the requirements of the system,

AT R T _

- Problems Description
‘Lhmlhliumm | Stakeholders sometimes unable to specify what they
: R S a3 want exactly. Sometimes they specify unrealistic

e ' demands.

Differences in Eu&mquirm:ﬂnﬁ ' Different stakeholders specify  different
' requirements. The requirement engineer has to
resolve the conflicts in the requirements with proper

communication with the stakeholders

Economic and business environment The economic and business environment is dynamic
' due to which there may be change in the
requirements or change in the stakeholders. Both
these things may affect the requirement analysis
process,

* Polifical changes | Sometimes political factors affect heavily on the
\ need for the systemn. Hence there may be change in
the requirements or stakeholders which ultimately

affect the requirement elicitation and analysis.

-

B Eiel ey

Requirement Elicitation and Analysis Process

The spiral model shown in Fig. 2.5.1 depicts the requirement elicitation and analysis
process. (See Fig. 2.5.1 on next page)

The process activities are -
1. Requirement discovery : By having effective communication with the customers the
requirements can be identified.

2, Requirements classification and discovery : All the unstructured requirements can be
categorised systematically depending upon their nature. And they are arranged in
Broups,

TECHNICAL PUBLICATIONS® - a1 up-thrust for knowiedige
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Requirement prioritisation ! There are some conflicting requirements.rl—lence the
. i ements are prioritised first. If there are SQME unrealistic requirements
?;lﬁatims are made and only realistic prioritised requirements are collected. If ap
conflict occurs then it its resolved by requirement engineers.
4. Requirement documentation : This is the specification of all the requirements. And an

important requirement document is created.

Requiremant

Requirements
classification and
discovery

pricritization

Requrement
astion Requirements '
documentation |
Fig. 2.5.1 Requirements elicitation and analysis process J
2 E
Requirement Discovery

. _‘mfnnnatimn about the system. The
Ehngﬂ are:  documentation, system
®m which is of similar kind. Various
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1. Interviewing

This is an effective method of
requirement  gathering.  The
requirement engineering team
communicates the stakeholders
by asking them various questions
about the system and its use
From the answers the
requirements can be identified.

= Closed interview : Smkeholders answer pradefinad
st of questions

—= QOpean Interview : No predefined agenda. Various
issues can be raised and discussed with stakeholders

Fig. 2.5.2 Types of interview

There are two types of interviews. (Refer Fig. 2.5.2.)

Interviews are useful for understanding stakeholders but they are not much useful for
understanding the application domain,
Characteristics of effective interviews
- 1. The interviews should be conducted in a free environment and they should be
conducted with open minded approach. The requirement engineers should listen
to stakeholders with patience. Similarly if stakeholders are expecting some
unrealistic things about the system they should be ready to change their mind
and ideas about the system.

2. Interviewee should start the discussion by asking questions and the requirements
should be gathered together.

2. Scenario

e Scenario is the sequence of interactions made by the user with the software systems,
Requirements engineers can use the information gained from this scenarios to
formulate actual system requirements. The scenarios describe the interaction

SESSI0NS.

# Each scenario covers one or more interaction sessions.

& Each scenario includes -

o A description of what the system and the users want at the beginning of the

scenario

o A description of normal flow of events

o A description of something that went wrong and handling of it

o A description of other activities occurring in parallel
o A description of finish state
For example : Scenario for an article downloading in the library system.

TECHNICAL PUBLICATIONS® . an up-thrust for knowledize
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1. When user find the required article and clicks the button f'.:"‘
‘ downloading the article, he might be displayed for eithy
provide the subscriber information or request for payment fo

purchasing the article.

9 User either submits the subscription information or pays uniin.gt
for the article.

3. He might be displayed with copyright information and might be
requested to fill up the copyright related form

4. User fills up the form and submits it

5 The user is authenticated an required document can be
presented to the user in pdf form.

6. User might select the print option for printing the required
% article

- What went 1. User fails to pay for the article
" 2. User makes mistakes in filling up the copyright form
Both these events are handled by rejecting the download

request.

S—

User can download other articles
He might search for other articles

User gets log out the library system.
1 _-—'_'-'-
3. View point

Viewpoint provides the perspective to the system and using these perspectives ¢

requirements can be discovered. The viewpoint is also useful in classifying the
stakeholders. Following are the types of viewpoints -

Interactor viewpoint : This viewpoint is useful for finding the interaction one syst

::k other system. For example in ATM system the user of ATM is the interactor fof

Indirect viei-irpc:inta : The user who is not using the system directly but its exist
reflects on the requirements of the system. Such stakeholders form indirect viewpoint-

TECHMICAL PUBLICATIONS® . a0 up-thrust for krowladige
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Domain viewpoints : The domain characteristics and constraints that affect on
requirements of the system sets the domain viewpoints. For example in Library system
the rules that are to be followed for reserving the book(the fine or dues should be paid
already or book must be returned within 1 week etc.) form the domain view point.

From these viewpoints the requirements can be discovered. From interactor viewpoint
the system requirements can be obtained. The indirect viewpoints help in getting the
organizational requirements and constraints. The domain requirements provide domain
constructs that need to be applied for the system.

View points in library management system is given by following Fig. 2.5.3

ViewFomts
Cromain I
U=sar
Interface
Library
stafl

4. Use cases

Use cases are the fundamental units of
modelling language, in which functionalities are

Fig. 2.5.3 Viewpoints for library system

distinctly presented. The use case is a scenario e ©
based technique, Use cases help to identify

individual interactions with the system. Use-cases Useror Actian

are extensively used for requirements elicitation. Ao

By designing the proper use cases for different Fig. 25.4 Use-case notation
scenarios major reuirements of the system can be

identified. The typical notations used in the use cases are as shown in Fig, 2.5.4.

TECHNIGAL PUBLICATIONS® - an up-thnst for knowiedge
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The use case for ATM system ie as shown below.

Operator

Establishes ;

—
W« Session

<< includes >>

Fig. 2.5.5 Use cases for ATM system
Flow of events can be described ag

is no customer
Currently oper
bank gets disconnected, PAIENG The ATH systuins, Then the curiscctio 10

en the user inserts
|. th.e C
Information is Rd. ATM pulls the card inside

displayed on the display panel .
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The interaction diagram for system startup is as given below.

ET bl

AT g AN

|

: Pedorm startup |
i operations '
-
E -
5 r
=7 -u— ,
i :
I I
[

Gat inttial " :
amount :

|

Initial amount = I
= Set initial cash -

-

i Opan conneclon al

T

I

[ ]

]

i

I I
e P 3

Fig. 2.5.6 Interaction diagram

This diagram depicts the sequence of operations that must be performed in order to
accomplish the task.

5. Ethnography

Ethnography is a technique of observation which is used to understand social and
organizational requirements.

" The system analyst imagines himself as a part of the working environment in which
the system will be used. He then observes the day-to-day activities and notes down the
needs and tasks required by the organization. The analysts thus finds the implicit
requirements of the system.

People understand their own work, but they do not understand the relationship of that
work with organization. Hence by ethnographic technique such requirements can be
exposed.

Two types of requirements can be discovered by ethnography.

TECHNICAL PUBLICATIONS™ - an up-thrust for knowiadge
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rking style of people g !
ned from wt:g_t :n be identified from the sequence of actions that ,

the PIN, the capy

ing. For example in ATM system when the uster et:;&; o m::i

o . lace. Unless and until the card gets "“l“_ia id PIN .;

T i That means, it is required that a valid card, va st
any transaction processing. :

entered for getting the money from ATM.

1. Requirements obtal
" These are the requirements

' le
2. Requirements obtained from inter-activities performed by the peop Pt £ be
etimes for finding the social requirements the other people’s activ : ,
o ' the operator can not shutdown the system i mul
known. For example in ATM system P
transaction is in processing,
Enthography can be combined with prototyping

i T STy - Focusad
Lﬂﬂwﬂmhw_{ Mesting |——=1 i ography
: | I
Prototype I
avaluation
- 1 ' ¥
Epbida System
foson 1o —'

Fig. 2.5.7 Ethnographic process

The ethnography informs the development of protoype using this information
prototype refinement cycles can be used.

Prototype focuses on ethnography

by ethnographer.
Requirement elicitation problem

1. Stakeholders don't know what they want,

2. Stakeholders may have unrealistic expectations,

3. Stakeholders use their own language.

4. Different stakeholders may have different requirements,

5. Certain political factors may affect the requirements.

6. Business or economic changes create dynamic environment.

by identifying problems and questions discussed

MRS ST S —
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Ouject Orientec 2-25 nts and
W R A elicitation for watch system that facilitates to set time and
. glarmi. :

golution : Requirements elicitation is done for watch system by using following steps
0 . senants 4 €ry : By effective communication with customers the
requirements can be identified

2) Requirements classification : All unstructured requirements can be classified

systematically and can be arranged in functional and non-functional
requirements.

3) Requirements prioritisation : Some requirements are conflicting requirements.
Hence they need to be priortised first. If some requirements are un-realistic, then
they must be eliminated and only realistic requirements are collected.

The functional and nonfunctional requirements for watch system are -
Functional requirements

1) System allows to set time in 12:00 or 24:00 hour display format.
2) It allows to set alarm.

3) System allows to delete the already set alarm.

4) System allows to set timings for snooze.

5) Systerh allows to stop alarm, during alarming.

6) The volume of alarm can be set by user.

7) It should allow to set more than one alarms.

Non-functional requirements

1) It should indicate battery low message if battery is low.

2) The system must be reliable and nobody should hack the system.

-

eview Questions

P

I. What is requiremerts elicitation ? Briefly describe the various activities performed in

reqi ts elicitation phase with an example of a watch system that iﬂfﬂ:’fﬂres to set time and
alarm.

2 What is requirement engineering 7 State ils process and explain ’E”""f’”f-‘"*ﬁ elicitation
problens.

3. Whgt is requirement elicitation 7 Briefly describe various activities performed in requirements

licitasi ” ich system that facilitates to set time and alarm.
e Fhm i E:WFE gfw v ALl - Do 16, Maw-15. Marks 16

4. Write a note on what are difficulties in elicitation, requirement elicitation.

ALl May-17. Marks 5

e
"-..________
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Requirements

;. : Eﬂm H!.E nm
eliciting requirements i ALl

all : Dec.-22, Marks 7

technigues and ligg
-.'l'ln'l!,- 19, Marks i-::

rm— gathering techniques.

6. Write in detail about requl
. ) |
ﬁw Hﬁllllrll'l'llnt 5pl¢lﬂ¢utln D —— .
ocument i8 the speclﬁcatjﬂn of the EFSl:Em.dIt shoy .-
fication of requirements. It is not a design a;.-:.cum
” m should do rather than how it should

19.22, Marks 17

The software requimmﬂ'ltsd .
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ible, i d set of what the sySs
ﬁshrasmlble,itshnul

doit.

Software Requirements Specification ‘ _—_
The software requirements provide a basis for creating the Software Requirements
50
'I'I'nur.--::iuﬁ‘lilﬂ'Ei {S::f{ﬂ in estimating cost planning team activities, [JEI'fﬂrmi.Ilg tasks, and
15 ; ] & |
tracking the team’s progress throughout the development activity.
Typically software designers. use [EEE STD 830-1998 as the basis for the entire
Software Spedfications. The standard template for writing SRS 1s as given below.

Document Title

Author(s)
Affiliation
Address

Date
Document Version

1. Introduction
1.1 Purpose of this document
Describes the purpose of the document.
1.2 Scope of this document

Describes the scope of this requirements definition effort. This section also details

any constraints that were placed upon the requi o
quirements elicitation process, such
as schedules, costs, R

L3 Overview

Provides a brief overview of the

. product defined a : i
elicitation process. @5 a result of the requiremen
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2. General description
e Describes the general functionality of the product such as similar system
information, user characteristics, user objective, general constraints placed on

design team.

o Describes the features of the user community, including their expected expertise
with software systems and the application domain.
4. Functional requirements
This section lists the functional requirements in ranked order. A functional
requirement describes the possible effects of a software system, in other words, what the
system must accomplish. Each functional requirement should be specified in following
manner
» Short, imperative sentence stating highest ranked functional requirement.
1. Description
A full description of the requirement.
2. Criticality
Describes how essential this requirement is to the overall system.
3. Technical issues
Describes any design or implementation issues involved in satisfying this
requirement,
4. Cost and schedule
Describes the relative or absolute costs of the system.

5. Risks
Describes the circumstances under which this requirement might not able to be

satisfied.
6. Dependencies with other requirements
Describes interactions with other requirements. -
7. .. any other appropriate

4. Interface requirements
This section describes how the software interfaces with other software products or
users for input or output. Examples of such interfaces include library routines, token
streams, shared memory, data streams, and so forth.
* 41 User Interfaces
Describes how this product interfaces with the user.

TECHNICAL PUBLICATIONS® . an up-thrus! for knowiedge
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M;M
o This section should inc]
Describes the graphical user interface if present. udg
set of screen dumps to illustrate user interface features. |
« 412CLI
' ch
Describes the command-line interface if present. For ea : commang §
description of all arguments and example values and invocations E'hﬂuldh
provided.
« 413AP]
Describes the application programming interface, if present.
s 4.2 Hardware Interfaces
Describes interfaces to hardware devices.
e 4.3 Communications Interfaces
Describes network interfaces.
* 4.4 Software Interfaces
' Describes any remaining software interfaces not included above.
§. Performance requirements
Specifies speed and memory requirements.
6. Design constraints

Specifies any constraints for the design team such as software or hardware limitations,
7. Other non-functional attributes

Specifies any other particyl i i
" P ar non functional attributes required by the system, Such

7.1 Security
7.2 Binary Compatibility
7.3 Reliability

7.8 Application Cumpaﬁbilit}r
7.9 Resource Utilization



e
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7.10 Serviceability
... others as appropriate

§. Operational scenarios
This section should describe a set of scenarios that illustrate, from the user’s
perspective, what will be experienced when utilizing the system under various situations.

9. Preliminary schedule ;
This section provides an initial version of the project plan, including the major tasks to
be accomplished, their interdependencies, and their tentative start/stop dates.

10. Preliminary budget
This section provides an initial budget for the project.

11. Appendices
11.1 Definitions, Acronyms, Abbreviations

Provides definitions terms, and acronyms, can be provided.
11.2 References

Provides complete citations to all documents and meetings referenced.

Characteristics of SRS

Various characteristics of SRS are

* Correct - The SRS should be made up to date when appropriate requirements are
identified. _

* Unambiguous - When the requirements are correctly understood then only it is
possible to write an unambiguous SRS,

* Complete - To make the SRS complete, it should be specified what a software
designer wants to create a software.

¢ Consistent - It should be consistent with reference to the functionalities identified.

*  Specific - The requirements should be mentioned specifically.

* Traceable - What is the need for mentioned requirement? This should be correctly
identified.
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1.1 F[I[Fﬂ- (l
v at
This document gives detailed functional and non functional requirements for

mi"inshl Eﬂ:ﬂ'm system. The purpose of this document is that the requirements
mﬂ'llimed ik be utilized by software developer to implement the system.

1.2 Scope

This system allows the Teacher to maintain attendance record of the classes to which it
s teaching. With the help of this system Teacher should be in a position to send e-mail to
the students who remain absent for the class. The system provides a cumulative report at
every month end for the corresponding class.

1.3 Overview

This system provides an easy solution to the Teacher to keep track of student
,ﬂmdmce,mdstaﬁatics.

2. General description
This attendance maintenance system replaces the traditional, manual attendance
spﬂml:rjrwlﬁdialntuf o i
paper work will be
wdsad.  The R, Take atlandance
should able to view @
]ﬂ'ﬂhugmph of a student Manthly r-a-pnn\
along with his attendance
in his Laptop. This is the
primary feature of this
systemn. Another feature is
that Teacher can be

Wiew attendanca
—a-

E - mail to student

allowed to edit particular Fig, 2.64
record at desired time.

The system should produce monthly
8end an e-mail/warning to the student

Every Teacher should have Laptop wit

attendance report. And there should be facility to
remaining absent in the class.
h wireless internet connection. A Teacher may
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2.1 User Manual

The system should provide Help option in which how to operate the system shoulg be
explained. Also hard copy of this document should be given to the user in a booklet form

3. Functional Requirements

3.1 Description

The identity of student is verified and then marked present at particular date ang
Time. The system should display student photograph along with their names for that
corresponding class. The student may be marked present or absent depending upon ki
presence. The system should send e-mails to absent students. A statistical report shoylg
display individual's report or a cumulative report whenever required.

3.2 Technical Issues

The system should be implemented in VC++

4. Interface Requirements

4.1 GUI
GUI1: i i 1 i

GUT2 - In File menu one can create a new

semester-I can be viewed.

GUI3: The display of record should be

< Student Name >

GUI4: Report option should display
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GUI5: Help option should describe functionality of the system. It should be written
in simple HTML.
4.2 Hardware interface
Hardware Interface 1: The system should be embedded in the laptops.
Hardware Interface 2: The laptop should use wireless Ethernet card to send e-mails.
: These Laptops should be the clients of departmental database
SETVEr.
4.3 Software Interface
Software Interface 1 Attendance maintenance systerm.
Software Interface 2:  The attendance database should be transmitted to
departmental database server.
Goftware Interface 3:  E-mail message generator which generates standard message
of absence.
Software Interface 4 :  Report generators

5 Performance requirements

This system should work concurrently on multiple processors

between the college

hours. The system should support 50 users.
The e-mail should be sent within one hour after the class gets over.

The system should support taking attendance of maximum

6. Design constraints

100 students per class.

The system should be designed within 6 months.

7. Other non-functional attributes

7.1 Security

The teacher should provide passwo

rd to log on to the system. He/she should be able to

see the record of his/her class.

The password can be changed by the Tea

1.2 Reliability

Due to wireless connectivity ,

7.3 Availability

The system should be available during colle

cher by providing existing password.

reliability can not be guaranteed.

ge hours.
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7.4 Malntenability
There should be a facility to add or delete or update Teachers and students fo; eag
semester.

7.5 Reusabillity
The same system will be used in each new semester,

8. Operational scenarios
There will be student database, Teacher database. The student database will CONtaj
students name, class, attendance, e-mail address, address, phone number.

The Teacher database will contain Teacher's name, classes taught, e-mail addres
phone number,
9. Preliminary schedule

The system has to be implemented within 6 months.

Importance of SRS : The software requirements provide a basis for
Software Requirements Specifications (SRS).
The SES is useful in estimating cost,

creating th

planning team activities, performing tasks, and
tracking the team’s progress throughout the development activity,

EENINXRN A indevendent trunk company wanls to track
habits. For this purpose the company has rented 800

numbers in the front, back and sides of all trucks owned by the company. Next to the 800
numbers a message is written "PLEASE REPORT ANY DRIVER OR

_ TRUCK PROBLEM
BY CALLING THIS NUMBER"

i . The hacking company waits for you to dewiap a system
i) Collects information
truck condition,

i) Generates daily and monthly

and record its drivers driving
phones numbers and has printed the

from caller about the driper performance and behaviowr as well as

reports for each driver and tryck management,
re immediate action to g on-duty manager.

; %mﬁ with the Hi"
» The major functions to be included with SRs document are -

i) A) Creation of databases such as drivers database, trucks database
callers database, "

B) Updation for above created databases,
C) Display and searching operatigns on ot ————
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ii) A) Report generation (Daily) of trucks and drivers.
B) Report generation (Monthly) of trucks and drivers.
iii)A) Sending of SMS to corresponding driver about the problem.
B) Updation for duty hours if necessary.
C) Deletion of particular record (For truck database) if the truck is out of
condition.
D) Insertion of new record (New truck arrival).

mwﬂi’ the software requirements document for the following requirement. A
coffee vending machine serves coffee to customers. A customer can choose a type of coffee
among a list often options, supply the amount required and get served. Each coffee is
prepared by adding units of hot water, coffee powder, milk and sugar. The reci each

- coffee is stored. A ; W

Solution :

1. Introduction

1.1 Purpose

This document describes the interaction between the user and Coffee Vending
Machine{CVM). The purpose of this document is that the requirements mentioned in it
should be utilized by software developer to implement the system.

1.2 Scope

This system allows the customer to interact the vending machine. The purpose of the
CVM is to accept payment for the customer, dispense coffee (this will have the options of
added milk and / or sugar) and return any excess money to the customer as change.

1.3 Overview
This system dispenses the coffee of a user's choice.

2. General description

Coffee ing machine is a type of vending machine that dispenses hot coffee. Some
of the machines, particularly older madels, utilize powdered instant coffee mixed with
hot water, and some of these offer condiments such as cream and sugar. Some models
fresh-brew the coffee using hot water and ground coffee beans, and some also grind the
toffee to order using coffee grinders installed in the machines. Some modern machines
also provide other hot drinks such as tea, espresso, lattes, cappuccinos, mochas and hot
chocolate, Some of the machines dispense canned coffee, and some dispense both hot
coffee and iced coffee.

—

TECHMICAL PUBLICATIONST - an up-Must for knowledge
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2.1 Application Document

The document describes the interaction between the customer and the CVM, Ty
document also provides the information about maintenance of the system.

3. Functional requirements

3.1 Description
A coffee vending machine serves coffee to customers. A customer can choose a type of

coffee among a list often options, supply the amount required and get served. Each coffes
is prepared by adding units of hot water, coffee powder, milk and sugar. The recipe for

3.2 Technical Issues
The system should be implemented in Java

4. Interface requirements

4.1 GUI

Coffee Vending Machine
Insert money : =

4.2 Hardware Interface

Hardware l_nterfat:e 1: The systemn should be embedded in the Japt
F DF‘S.
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{ 7 43 Software Interface
goftware Interface 1:
Interface Identification: Customer
k [nterface type: Person
Description : The customer is an actor who uses the Vending machine system to do
the transactions

Goftware Interface 2 ;
[ Interface Identification : Maintainer
Interface type : Person
Description : The maintainer is an actor who maintains and manage the vending
machine system.
Software Interface 3:
Interface Identification : Controller
‘hteriaué type : System
Description : The admin is an actor who controls the vending machine.

5. Performance requirements
Mot ,Applil:able,

6. Design constraints
The system should be designed within & months.

7. Other non-functional attributes

7.1 Security
Not applicable.

7.2 Reliability

If there exists a situation in which insufficient
price of the chosen item. It is handled by refusing
additional payment is inserted, sufficient to equal
hei"tl‘agﬁ

payment has been tendered, to meet the
to dispense the required beverage until
or exceed the cost of the selected

7.3 Availability
The coffee must be made available on correct payment.

S

Tl 1 FH.IHIJCHT]'UHS@- an tp-thrust for knowiedge
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7.4 Maintenabllity . | e
There should be a facility to clear the choice that 15 been macde

7.5 Reusability |
The same system will be used for each type of coffee making.

8. Operational scenarios e |
Following is a state diagram that represents the operational scenario of the system

BEVERAGE selected
Display PRICE

Timaout resal

WAITING FOR
PAYMENT

PAYMENT tendered
Display PAYMENT

DISPENSING
BEVERAGE

PAYMENT tendere d
Display PAYM ENT

CHANGE

Event List

The event list COnsists of thre
events, temporal(driven by

Dire
clock or schedule)eveng ct flow of events, indirect flow 0
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jirect Event
[ 0 Payment exceeds price
@ Beverage not available,
(3) Hot water not available,

@) Drinkable water not available,
ramporal Event

(1) Maintenance inspects and resupplies coffee machine
g. Prefiminary schedule

The system has to be implemented within 6 months.

Prepare a software requirement specification d " 3 pang T
ﬂtem" pecification document for “Library $iz

AU : Dec.-19, Marks 15

Requirements Analysis and Specification

Solution :
1. introduction
1.1 Purpose

This document gives the detail functional and non functional requirements for Library

management system. Thee purpose of this document is that the requirements mentioned
in it should be utilized by the software developer to implement the system.

This SRS will be used by the software engineers who are constructing the system and
the users who will use the system. The hotel end users will be able to use this SRS as a test
o see if the software engineers will be constructing the system to their expectations.

12 Scope

The library management system will automate the major library operations. Various
subsysterns will be student accounts management system, Book issuing system, Stock
maintenance systems and fine calculation and management system.

13 Definitions, Acronyms and Abbreviations
* LMS- Library Management System
* SRS - Software Requirement Specification
* GUI- Graphical User Interface
* Stakeholder - The person who will participate in this system. For example

Student, Staff, Librarian.
4 Overyigw

Thiﬂ Efstﬂm P[‘ﬂ,ui_d@s an EHS-_;,P Eﬂluﬁﬂn fﬂ[’ I'J"I_E SI.'le'Et‘lIE, Etﬂff End Libl‘aﬂm‘l Fl'_'l-]'

‘ng and managing the books in the library.
"\‘-_-‘_-_-_--_-_

TEGHNICAL PUBLIGATIGNS™ - an up-thist for knowledge
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Ot Ororted Software Engineer?y

B ing the activities for
: The :.Iib ary management system is developed for handling the "
r il
users such as Student, staff, librarian and library staff.

2.1 Product Perspective
This is a standalone system.

2.2 Hardware Interfaces | ‘
This system is placed in the Personal Computer in the library.

2.3 Software Interfaces : |
There are various databases in the system. These databases can be created in Oracleq

MySQL. The hotel books and Student/Staff information 1s maintained by the LMS.

The book database include the Title of the book, ISBN number, publisher, editin
number of copies, pricestatus(Old or new). The Student/staff database will inclug
information such as first name, last name, address, phone number, designation(for staft

or dass(for student), name of books issued, Library Card number, expects date of bod
returm, fine to be paid(if any).

3. Functional requirements

The functional requirement will
should perform.

1. The system should record all the details of the student,

2. The system should display the search results
article.

define the fundamental functioning that the systen

staff and book.
if the user searches for some book 0

7
2
5
2
g
&
:
g

8
g
2

7
!
:
g
:
:
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13. The system should allow addition of book/magazine records if new books are

and in poor condition.

;wmﬂnmh
116Ul

GUI 1: The login screen will be displayed so that the stakeholder of the system will
enter the user name and password.

Library Management System G |
 Usemama Admin i
T Password . 8w -l
[ Sign in _] Sign up
Forgot Password?

GUI 2 : The main menu will be displayed for Create Account, Search, Issue/Return
Book, Book maintenance and Report generation.

Library Managemant 5 j'*:um'

Craata Aooount

lesun Book

Return Book |

Search Book I

Book Maintenance
&
\ - Report Generation

=

TECHNICAL PUBLICATIONS™ - an up-thrust for knowledia



M . on s clicked then the form will be disp

when Account b .
< o Il a":'lﬂ H.’E‘I-ll;ﬁ::ﬂ to enter the student/Staff details such as last name
This form wi w |
hone number, class and so on. ) . |
“““:;;4 . If the user selects for the Search then the user will be allowed to search fo
desired book.
4.2 Hardware Interfaces

The system should be embedded in the Computers in the library.

4.3 Software Interface
The system must be interfaced with Oracle or Access database.

5. Performance requirements
The performance requirement defines the response time for system functionality.

The load time for the GUI should not be more than four seconds.
The log in must be verified within 7 seconds.
The search query should be processed with in 3 seconds and response must be given,

6. Design constraints

The system must be designed as a standalone system and must be run on windot

based system. The system can be d -
evel . :
implemented in Oracle or MySQL. eloped in Java or Visual Basic. The database canl¥

m ad
ﬂ?ﬂ: " 20ce38 the book database hrn;msc:lamfmlbranan_ The Student should
ify the databage, arching of ook, 1
- He/She is not allowed
The student/Stag ;
15 all
7.2 Reliabij edto hange thei Passwords f,
. ity VT Security purpose
SY¥stem must be l'ﬂmbIE ta prev .
73 Availabiligy *tany unauthorizeq vy
&5
The system
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7.4 Maintainability _ o
There should be the facility to add/modify information about the Books, Student and
Stadff.
g, Operational scenarios
If a new students arrives in the library for membership then the librarian creates an
account; issues him the library Card, User name and password.

If the student already has an account, he searches for the desired book ‘magazine. If the

book is available then he makes the request to the librarian for iss. - the book. The
librarian issues the book and updates the database.

If the book is not available then the member reserves the book. On availability of the
book, it is issued to the customer.

If the student/staff does not return the book on the specified date then he has to pay
the fine.

The librarian updates the stock and the system generates the monthly report. The old
and outdated books are removed from the library and accordingly the stock must be
updated.

If new purchase is made then also librarian is allowed to update the book database.

9. Preliminary schedule
The system must be implemented within & months.

Review Questions

1. Show the template of IEEE standard softweare requirements document. AGESUEITRISUETEE:

2. What are the components of the standard structure for the software requirements document ?
Explain in detail. AU May-14, Marks 8, May-18, Marks 16
3. Write the software requirement specification for a system of your choice.

AL : May-14, Marks 8
4. Explain the organization of SRS and highlight the importance of each subsection.

ALl : May-16. Marks 8
5. Describe how Software requirements are documented. State the importance aj.r documentation.

6. What are the components of software requirement specification document? Explain,
ALl : May-22, Marks 7

TECHNICAL PUBLICATIONS® - an up-thrust for knowledge
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Form n
m s Ep’d“?ﬁ:nn for software requirements is an unambi
E.E (W ul] [
« A formal ;ﬁmdx;ﬁﬂnm In the formal system specification, formal Methog
5
;H::m represent the requirements of the system.
Formal methods provide us with tools to precisely describe a system and show thy
. a system is correctly implemented. We say a system is correctly implemented why,
it satisfies its given specification.
« The spedfication of a system can be given either asa list of its desirable propertjy
(property-oriented approach) or as an abstract model of the system (model-orieniy

approach).

EXE] Concept of Formal Technique

* A formal technique is a mathematical method used to specify a hardware g

software system.

* The formal methods verify that the implementation satisfies the requirements
spedification, they prove the properties of the system without necessarily running
the system.

The f-:-rmai E]?Eﬂﬁmhnn language consists of the syntactic domain, semanti

domain and a relationship called satisfaction relation.

* The formal techniques can be used at every
cycle (requirement specification, design, cod

one stage's output conforms to the previous s

Semantic domain

stage of the software development lie
ing and implementation) to verify thal
tage's output.
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Satisfaction relation

. F ificati
w lnr Ex-a.tf‘ll::le = @ specification for describing system behavior or a
specification describing the system structure,

Merits and Limitations of Formal Methods
Merits

- 1) Formal methods provide a precise and unambiguous way to describe the
behavior and properties of a software system.

2) Formal methods can be used to prove the correctness of a software system
concerning its specification. This is particularly valuable for safety-critical and
mission-critical systems.

3) Formal specification can serve as a clear and comprehensive documentation of
system requirements.

4) The formal methods can identify errors in the specification itself. This allows
corrections before implementation.

5) The formal methods allow rigorous analysis of complex systems. Hence formal
methods promote the construction of rigorous specification of the system.

6) The mathematical basis of formal methods facilitates automating the analysis of
specifications, The possibility of automatic verification is one of the most

important advantages of formal methods.

Limitations

1) Formal methods are difficult to learn and use.
2) It is difficult to check the absolute correctness of systems using theorem-

proving techniques.
3) Formal techniques are not able
4) It can be challenging to create complete formal
aspects of a real-world system.

to handle complex problems.
specifications that capture all -
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2.
Ot O Sovre EN=2 d Property-Oriented Approach

[2.7.3] Model-Oriented APP ,
The formal method is class

roach an

snd mﬁn}r-uﬁenﬂd approach.

fied using two approaches -

Model oriented apprq ad

Formal methods

|

Model-arientad
approach

Property oriented
approach

Fig. 2.7.1

» .In model oriented approach, the system’'s behavior is represented by directly
constructing a model of the system with the help of mathematical structures such as
tuples, relations, functions, sets and sequences,

* In property property-oriented approach, system's behaviour is defined indirectly
by stating its properties. These properties are specified in terms of a set of axioms,

* The property-oriented approach is more suitable for requirements specification
and model-oriented approach is more suitable for system design specification,

Difference between Model-oriented approach and Property

oriented approach

Sr.
No.

Medel-oriented approach

Property oriented approach

1.

The system’s behavior is represented by an
abstract model of the sy stem.

Tk_wt- System’s behavior is represented b y
stating the properties or requirements of

the system, '
2. This approach is mare suitable for the i i
: This approach is i
Pl ; more suitable for
BN specification of the system, requirements specification of the gystem.

3. Mathematical structures such ax tuples, The set of axi 5
relations, functions, sets and Sequences arg o e S SPRows
used in this approach, ‘

4 Alimited t.:mnb:r of implementationg e Alarge
Pﬂﬁﬁﬂ‘-lxasmg the model onented possible mnnhﬂ 5
: approach. USing: pro
= e Approach,
£ & minor changes in specifi
i ; Pecificat
: i very difficuly 1 T ion Makmg changes 44
.:..::IN-II.I;. ﬂppr{lﬂd'l_ % easier in g Fmpe
—— e __-__-_-__-__-_--__
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There property oriented approach is classified into two categories - Axiomatic
:ication and algebraic specification

Property oriented
approach
Axiomatic r
'5" Algebrai
specification BDBE'Bﬁ mtldgn
Fig. 2.7.2

m Axiomatic Specification

The axiomatic specification is based on formal logic or predicate calculus.
The main purpose of this type of semantic method is - formal program verification
Axioms or inference rules are defined for each statement type in the language to
allow transformations of logic expressions into more formal logic expressions.
An Axiom is a logical statement that is assumed to be true.
An Inference Rule is a method of inferring the truth of one
values of other assertions.

8,52 S50 - S

5

The rule states that if S, Sy ... and S, are true,
inference rule 1s called its antecedent; the bottom part is called it

assertion based on the

then the truth of 5 can be inferred.

The top part of an
consequent.

Concept of assertion :

Where P is a precondition,

The logic expressions are called assertions.
An assertion before the statement of command is called a precondition. This

condition states the relationships and constraints among variables that are true at

that point in execution.
An assertion following
<pracondibion statement

ed in the following manner

2 statement is called postcondition.
<postcondition=

‘The axiomatic semantic 15 specifi

s {P} statement {O} : :
Q is the Pﬂﬁl’tﬂﬁdlﬁﬂﬂ.

"--.._,_|___‘_ _-_._._._._-_-_.________—
oS - an up-hnust for knowiedgs
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One possible precondition : {y > 10}

nt
Axiomatic specification for assignment stateme .
The precondition and postcondition of an assignment statement together dgq
precisely its meaning, | .
Let x = E be a general assignment statement and N be its postcondition.
Then, its precondition, M, is defined by the axiom
M =N, —=E

That means M is computed as N with all instances of x replaced by the expression F.

How to develop axiomatic specifications ?

Step 1: Establish the range of input values over which the function should behave
correctly,

Step 2: Establish the constraints on the input parameters as a predicate.

Step 3: Specify a predicate defining the condition which must hold on the output of the
function.

Step 4: Establish the changes made to the function’s input parameters after execution of

the function. :
Step 5: Combine all of the above into pre and post-conditions of the function,
Algebraic Specification

* In the algebraic specification technique,
of relationships that exist betweern the
* The algebraic specifications define a system as heterogene

an object class or type is specified in terms

consists of a single set and severa] operati

The algebraic specification consists of four

1. Type section : In this section, the data

2. Exception section : In this section,
the operations are defined,

sections -

types being used are spedified.
exceptional conditions that may occur during

gnatures of the interface prﬂ'ﬂfd“m:
domain of an operator and the 50
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4, Equations section : Thj
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1. Basic construction Operators :

entities of a type. For exampl
operators.

These operators are used to create or modify
- create and append are basic construction

2. Eltfi construction Operators : These are the construction operators other than the
basic construction operators,

operator,

3. Basic inspection operators : These operators evaluate attributes of type without
modifying them. For example - eval, get are the basic inspection operators.

For example - The remove is an extra construction

4. Extra inspection operators : These extra inspection operators are other than the
basic inspection operators,
Example of algebraic specification

Following is an algebraic specification that represents the Cartesian coordinates. The
operations defined on X and Y coordinates which evaluates the x and y attributes of an
entity. The IsEq compares two entities for equality.

Types section
defines Coord
uses Integer, Boolean

Syntax section
Create (Integer, Integer) — Coord ;
X (Coord) — Integer ;
Y (Coord) — Integer ;
IsEq (Coord, Coord) — Boolean ;

Equations section
X (Create (x, ¥)) = X
Y (Create (x, Y)) = ¥
IsEq (Create (x1, y1), Create (<2, ¥2) =I{(x1= x2) and (y1=y2))
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Properties ic specification _ i
i ?na:cun Property : This property of algebraic T‘“"‘; ﬂ; ens
inite Termi : e
; Fm:hn sequence of operations applied to a data} s =i th:};t }Zn "“ﬂl
o ‘a !:E in a finite number of steps. In other words, 1t gu Te uy
termina . "
infini - inating computafion
infinite loops or non-termina R
bel:m termination Pmpert}f « The uniquE termination Pl’-ﬂpﬁft!r’ of an algebl'ak
: Umﬁl;ﬁnn states that any two sequences of operations involving the interfy,,
EP::?dures of the specification will eventually terminate and produce the Samy
P
result.

3) Completeness : The completeness property of an algebraic specification Staty
that the specification is sufficient to define the behavior of the system fo; i
possible inputs and outputs.

Pros and cons of algebraic specification

Pros
1) The algebraic specifications are based on mathemati
unambiguous and specification,

2) Using algebraic Specification, the effect of the arbitrary sequence of operation
can be studied,

cal structures. Hence they an

Cons

1) Algebraic specifications are hard

2) The algebraic spedifications are difficult o integrate
languages,

to understand.

with programming

Finite State Machines '
* A finite state chine i
B mmp;; ma 15 @ mathematica) abstraction used to design al gorithms.
mput, it wil| EWI’C::';: E*:t;mﬂemaf}ﬁ:ﬁe g Series. of inputs. When it reads *
; nt state, - .
for a given input tate. Bach state SPecifies which state to switch®
* A very good exam
Ple of ;
elevator, This mechanigy, a finite state System is the
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that scans your program character by character and recognizes those words as
tokens.

i

Formal Definition ;
A Finite State Machine (FSM) is a collection of S-tuple (Q, £, 8 q,, F) where,
b Qis a finite set of states, which is non empty.
5 L is input alphabet, indicates mput set,
: {,15 an initial state and QpisinQie q.e Q.
F is a set of final states,

0 is a transition function or a mapping function. Using this function the next
state can be determined,

Representation
A transition diagram or transition graph can be defined as collection of -
1) Finite set of states K.
2) Finite set of symbols E.
3) A non empty set S of K. It is called start state.
4) A set F C k of final states.
5) A transition function K » A — K with K as state and A as input from X*,

The notations used in transition diagram are -

_ Represents the state

— Represents fransition from
one siate lo another

Start state
* =®

TECHNICAL PUBLICATIONS® - an up-thrust for knowedge
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Machines
tomata or finite state machine

"XE] Types of Finite State
There are two types of finite au
i) Deterministic finite automata.

i) Non deterministic finite automata.

The deterministic finite automata is deterministic in nature, in the sense, each move
n current input and current state. On the othe,

i utnmtaisuniuei determined o a8
i LA NFA i.e. non deterministic finite automata.

hand, it is non deterministic in nature, in
Applications of Finite State Machine ,

1. Finite automata are used in text processing in matching the pattern against the
given text,

2. Ttis used in compilers for analyzing the syntax of the language.

3. The finite automata are also used in preparing the hardware designs.

4 The Context-Free Grammar (CFGs) are used in programming languages and
artificial intelligence. Originally, CFGs were used in the study of the human
languages. Cellular automata are used in the field of biology, for instance -
representing the pine cones growth and pigmentation patterns.

5. Automata simulators are pedagogical tools used to teach, learn and research
automata theory.

6. In switching theory, design and analysis of digital circuits automata theory is
useful.

[:8) Deterministic Finite State Machine

The finite automata is called Deterministic Finite Automata(DFA) if there is only one

path for a specific input from current
e state to next state. For example, the DFA can be

Fig. 2.8.1 Determini
From state S; for input ‘a’ there is

stic finite automata
onl . .
onlly one path for input b going to S Y one path, going to S,. Similarly from S, there
1-



Example L l-i 1 :-.= eign a L

s The l:-Lnar},r I‘I'leber " made “F ﬂf 0's and 1 5. When any b u
with 0 it is always even and when a binary number ends with 1 it is always odd. For
example,

0100 is a even number, it is equal to 4.

0011 is an odd number, it is equal to
And so while designing FA we will

3.

assume one start state, one state ending in 0 and

other state for ending with 1. Since we want to check whether given binary number is
even or not, we will make the state for (), the final state.

i

Fig. 2.8.2 For Ex. 2.8.1

The FA indicates clearly is a state which handles all the 1's and 5; is a state which
handles all the 0's. Let us take some input.

01000 = 08,1000
015,000
0105,00
mméu
010005,

Now at the end of input we are in
Similarly let us take another input.
1011 =1 51011

105,11
1018,1
10115,

final or in accept state so it is an even number.

i =l

MNow we are at the state which is a non final state.

TECHNICAL PUBLICA

TIONS™ - an up-frust for knowiadge
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Opct Orerte state Automata(NFA)

an Dete ¢ Finite 4
Hmnmmpﬂt MIHT rministic finite automata is exactly reverse of ':1E1::..=:1~1—1-L,1ME
on-dete o 5
s . ite automata is called NFA when there €xi II“““_}’ Ppaths foy
foit MR s hown as in Fig. 283

an be s
state. The NFA €

. ~ input from current state to next

specific input

Fig. 2.8.3 Non-deterministic finite automata

Note that the NFA shows from q, for input a there are two next states g; and
Similarly, from g, for input b the next states are g, and q,.

Thus it is not fixed or determined that with a particular input where to go next. Hen
this FA is called non-deterministic finite automata.

mﬂmm NFA for the language
L=10101" L0100 | n >0)
Over Z= {0, 1],
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pE] et Nets (AU ec.10, ko 13

. The Petri Nets are invented by Carl Adam Petri in 1962.

. The Petri Nets can be rigorously used to define the system. The Petri nets are more
popularly used for distributed systems and systems with resource sharing.

. In Petri Nets there are three types of components - places (circles), transitions
(rectangles) and arcs (arrows)

Dat inside
circle reprasants

Fig. 2.9.1 Petri nets

« Places : Represent possible states of the system.
« Transitions : Cause the change in the states
« Arec: Connects a place with transition or transition with a place.

For example -

s Another equivalent notation used is a solid bar. This solid bar is used to denote
transitions.

« The token represents the dynamic objects. The states having block dots are called
marked Petri token. If there is a single dot inside the circle then that means it
represent the one unit of certain resource.

+ Firing a transition : Transitions take input from the input places and produce
tokens in the output places. This is called firing a transition. For example

Fig. 2.9.2 Firing transitions

TECHMNIGAL uaLICATIONST - an up-thrust for knowisdge




Fig. 2.9.2 Firing transitions in succession

w Draw a pefnmt for a traffic light switching system.

Solution :

RG - Represents red to
green transition

GY - Represents green to
yellow transition

YR - Represents yallow to
red fransition

Fig. 2.9.4 Petrinet for traffic lght signaling
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Represent the operations i) c ~a+ b if) b=~ iil) x>0 theny =xclsez=%
i $id T |

o

P Draw a Petri Net that depicts the gperation of an “Automated Teller Machine .
State the functional requirements you are considering.
Solution : Petri Net for demonstrating the operation of

(Refer Fig. 2.9.5 on next page)

Automated Teller Machine.

Funciional Requirements
1) The card should be valid

2) Pin entered by the user must be valid.
3) The amount to be withdrawn must be less than the required balance amount.

4) The balance amount must be UPdEtEC]. and then dlEF]ﬂ}’Ed to the user after
withdrawal of money.

Advantages of using Petri Nets
1. It specifies the precise definition of problem.
2. Tt represents the graphical workflow.
3. Itis useful in allocating resources to the tass.
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. 2- 58 = N d Money
aa
Qrierited sm-ﬂ: = ey o uss ATM ]
()

Salect_Amount

Code Amount
Entered Selected

Code 3 Amount
Eneterad Selectad

Withdraw_Cash

Cash in Pocket
Flg"' 2-51-5

‘ﬂh}acl Modeling using UML AU : May-1

~ Object oriented analysis | _ AL - May-11,14, Dec.-18, Marks 19

Sron To & ysis is the process of identifying and el .
mstance. For example : For describing the objects for

: designi :
Account, Branch are the objects that must be des El‘bU:g the banking systems custome"
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Requirements Analysis and Specification
w';f“'““"“" Representation of
E::;::'t“ domain concept in
object orlented language
Customer ' ] ¢ public class Customer
:nnﬂpl bl =01 "
Account_No | private int Account_No; !
Name | private string Name; i
e Address ' ! privals string Address; -
Phone — : private inl Phone; !
i ]
| public getCustomerinfo() |
getCustomerinfa() [ IR } I
[ I
) A

__________________

Fig. 2.10.1 Representation of object orientation
Key Point : Object oriented analysis and design is the study of objects.

ERIEE What is UML?

Definition : The Unified Modeling Language (UML) is a standard diageat
notation for specifying, visualizing, constructing and documenting the artifa o
software mmuwﬂmmmmmmm_.' 1S,

® The goals of UML are -

1. UML is intended to provide ready- to use and expressive visual modeling
language in order to develop the effective system model.

2. The modeling must be independent of the programming language or platform
but at the same time the automatic code that can be generated by this tool must
support the modern programming languages. |

3. This tool supports the high level concepts such as collaborations, framework,
patterns and components.

4. It helps to integrate the organizational standards in the software systems.

® According to Martin Fowler there are three ways of using UML -
1. UML as sketch : For exploring the difficult part of the system or for representing
the solution to particular problem, software designer create informal diagrams.
2. UML as blueprint : The UML can be used as a blueprint for two main reasons -
* either for reverse engineering or for forward engineering.

» In Reverse Engineering the UML tool reads the source code and generates
the class diagram, sequence diagram and so on. With the help of these
diagrams the user can understand the structure of the system elements and

TEGHNICAL PUBLICATIONS® - an up-thrust for knewdedge
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Oriented Software £
laborations among them. he UML tool the software developers dra,

, class diagram, Us€ ca
some diagrams Suﬂt:;z diagl‘iﬂ‘-ﬁ; the code can be generated manually :

mtdu;t?;uimﬂter on, the software developer adds, P TIORS oo g
au ' .

. t the com lete software system.
UpgREsm ¥ also be used as a Programmj

ing language : UML can .
" code can be generated automatically from the [
the software engineers. But for using the UML
to draw the diagrams with highly logical 4

se UML as a tool for programmij

language. That means, the
diagrams that are designed by

in this manner it is essential
practical approach. Although one can u
language it is still immature to use it in this manner.

® UML can be applied as three parspacﬁias -

1. Conceptual perspective : Using this perspective,
are described by the UML diagram.

L
L e

the things in a real world situatia

Conceptual
perspective
{domain value)

——
O RN RO OEM R OWNOEN I N BN BN RN S S SE A S i’
—— _— = e

Specification

Customer 1 : ar
Customer 2 1 2 implemantation
perspective
Show_database() getheeto: ind




igpyest Evisciind Softwars Engiieering 2-61 Requirements Analysis and Specification
@ Meaning of class in different perspactive

The classes used in the above described perspectives have three different names.
Hence we define -

1. Conceptual class : This type of class represents the real world entities.
2. Software class : This type of class represents the specification or implementation

perspective of a software component.

3. Implementation class : This type of class is implemented using some suitable object

oriented programming language. The examples of object oriented programming
languages are C++, Java.

UML Diagrams

10.
.

Diagrams are the graphical representation of the set of the elements.
The diagrams can be drawn to represent the system from different perspectives.
The same elements may appear in different diagrams.

The diagram contains the collection of elements and relationship among these

elements.

Various types of diagrams that can be drawn in UML are -

1. Class diagram 2. Object diagram 3. Component diagram
4. Use case diagram 5. Sequence diagram 6. State diagram

7. Activity diagram 8. Deployment diagram 9. Package diagram

Class diagram : It contains the set of classes, interfaces, collaborations and their
relationships. The class diagrazm represents the static design view of the system.
These diagrams are commonly drawn .in UML.

Object diagram : These diagrams show the relationship among the different
objects. Objects are the instances of the classes, hence the object diagrams represent
real or protol}rpin:a[ cases. These diagrams represent the static design view of the
system.

Component diagram : This diagram contains the collection of components and

connectors. It represents the static design view of the system. It shows the

encapsulated classes, interfaces, ports and internal structure of the system.

Use :ase diagram : These diagrams are drawn to represent the static design view of
the system. The use cases represent the behaviour of the system. It consists of
collection of use cases, actors(special type of classes) and their relationships.

]
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gram kind of interaction diagrams consisting of gq
s Sequence dia ¢ These are ki i i fpSally useful for modeling
' he messages.
objects, roles along t
behaviour of the system. 2 - |
State diagram : The state diagrams represent the states, tl.‘ﬂrﬂ:lﬂﬂﬂ; achivities 5 d
events. The event-ordered behaviour of the object is emphasized.
* Activity diagram : This diagram represents the flow of control or data step trg.j; ste
occurring in  computations. These diagrams emphasize on representation y
functionality, These diagrams represent the dynamic view of the system.

* Deployment diagram : It addresses the static deployment view of the architectyr,
The run time processing of the components is represented by these diagrams.

* Package diagram : These diagrams show the organizational units and thep
dependencies using their semantics.

Review Questions

1. What is object ariented analysis and design ? AU : May-11, Marks ?

2. List various UML dingrams and explain the purpose of each diagram. m

3. How do you see the application of UML diagrams for Iterative SaEhmrf Drvrlﬂiment ?
Explain.

l.lsaﬂase Model EUE P SIRIRERIRIEL] Dec.-11,12,13,15,16,17,18, Marks 16

* During requirement gathering the primary requirements of the system are

understood. These basic requirements of the system are called the functiona
requirements.

In order to understand the working
developers and users create a set of
text stories. These text stories are call

of these functional requirements, the

scenarios, These SCenarios are nnthing but the

ed as uge cases
* The use cases are the textual

case model is the graphical

representation of particular scenario, whereas the us
representation of the scenario, Following table show
the template of the use case -

Use Case template

i Write the name of the scenaria,
. ! ; . . L | _---.-'|
Pﬁmqﬁm;r . Specify the role of the entity whe interacts with the system, R
Coal in Context Specify the PUrpose of thig yze Case scenarin,
lI it i _-_._r...
) diﬁun__ 8 The condition that is to be salisfied before the use case starg
- L _.—-""_FI‘

e
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opject =T

The extension points describe the extend relationship.

tions ; h‘{ Describe the exceptional situations that may occur during the execution of the
B o caze.

Describe the necessity of the system to be implemented.

\ | Certain additional issues that are required for execution of the scenario and
. arenot specified in the main scenario,

o For example : Following is an example of informal description or text story for
withdrawal of money from ATM
* Customer wants m. operate the ATM machine for performing some transactions. For
instance customer wants to withdraw the money. He enters the ATM card and then fypes in
the PIN. The system validates the customer. If the customer is the valid customer then the
customer is allowed to do further transactions, Otherwise the card will be rejected. The valid
customer enters the amount to be withdrawn. It is then checked if withdrawal amount
< balance amount. If it is so, then the machine dispenses the desired amount. If there 15 1o
further transactions then the card is ejected. Customer collects the cash, statement and

card.”

Use Case template
; ATM system

Customer
To menitor all the functionalities required to establish the session
ATM system has o be programmed and as to recognise and validate the PIN.

On completion of every activity a beep has to be generated by the system.

1. Customer observes the control panel.

2, Customer enters the ATM card

3, Customer enters the PIN. )

4. Customer selects the operation(withdrawal, deposit, inquiry)
5. Customer collects the cash, statement, card efc.

1. The control panel is not ready.

2. PIN is incorrect.

3. Card is not recognised.

4. Insufficient balance

5. Limit for the transaction exceeds.

6. Total number of allowed transactions per day.

S e mmilnjnﬂﬂﬂﬂ'_-n innedtfiaaf Bar bmvessdoenkeo
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" i in banking system.
: Fasential and must be implemented
Administrator s

T 1s there a need to display any additional information by the control panels ™

2. For how many time the PIN is allowed to enter on inm:frrect :H':l]}PlErnentl

1. How much time is allotted to the customer to pick the items like cash or gy
after completion of operation 7

Object Orented

—

Uise cases are not diagrams they are text.

Actors, Scenarios and Use Cases
¢ Use cases are the fundamental units of modeling

language in which functionalities are distinctly @

represented,
* The first step in writing use case is to identify the
actors. The actors are the entities that use the Actor Action
system or product within the context of behavior of Fig. 2.11.1 Actor and Action
the system. Actors represent the role of the people representation
8 system gets operated. Actors can be a person, computer system or organization

Koaii . . i
ris ;nyﬂung that communicates with the System or product. It is external to the
System. Every actor has one or mare goals when using the system

Example : Customer, Inventory database Accountant

* Forexample : Online Purchase system

Main scenario - User b

rd and submits th ent
hE‘],' . 1ts the P‘E}m‘l
Placed by the ysgr arﬂ"-?ﬂlldatgd by the system. Finally 1

i | et it CDnﬁmlEd. The 5}"5[13"[“ then
TEGHMICAL Py 1q, TIong® -
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Alternate scenario : If the credit card information is incorrect, then asks the customer
to try again or asks for giving the cash incase.

m Use Cases and Use Case Model

., Use case modeling is done during the requirement analysis phase.
o Use cases are the text documents and the use case modeling is an act of writing the
text and not the diagrams. '
« In requirement analysis phase, along with use case modeling other documents such
as glossary, business rules and standards can also be created.
« Use case modeling may include UML diagrams optionally. The use case diagram
. shows the actors and related functionalities.

Abstract and Concrete use Case

Abstract use case is use case which does not have complete declaration. The
declaration in this use case is incomplete. An abstract use case is intended to be used by
other use cases, e.g., as a target of generalization relationship.

For example : Refer Fig. 211.2 (a).

Use Cases that are self-contained and complete are said to be concrete use cases, in that
they are actually instantiated by a particular actor(s). (Refer Fig. 2.11.2 (b))

Submits
] form
Jzer

Fig. 2.11.2 (a) Fig. 2.11.2 (b)

w By considering the library management system, perform the object oriented
 system development and give the use case miodel for the same (use include, extend and
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Solution : System
c-ze::lmﬂ'-"" 2
| ~.-:<n'|-m-du=':' - i
1*IH|U|:|'F" ! Include relationship
En'rars EﬂlEI'E
\ @
Issue Magaz:ne s
% |~ Librasan

Chack avallability

==getand >

Extended relationship

Fig. 2.11.3 Use case diagram for library management system

LI RRF Desion use case 'd:hgrmﬂ Jor withdrawal of money from ATM system.

Solution :

i 1
1EEincide s 4
| e Invalid PiN

L
=<extend==

QJramsaction ¥~

aystem

Bank

Fig.2.11.4
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Model a use case diagram for the following scenario : Deepthi Super

Opfect” = Shiphasig 2- 67 Requirements Analysis and Specification

market

wants a subsystem to process the supply orders via the web. The user will supply via a form
their name, password, account number and a list of supplies along with an indication of the
quantities desired. The system will validate the input, enter the order into a database and
generale a receipt with order number, expected ship date and lolal cost of the order. If the
validation step fails, subsystem will generate an error message describing the cause of failure.

Solution :

Lisar

ALl : Dec.-1

Deepthi super market

Placa Order
S - <<include=>
%W:"f-ﬂ ‘l_f ""-..H‘-
" fencluedes>
i Enter

Marks B

1,

cl:ral:

- Expecled
Dlﬁpla'y' Racalpt

Enter Hems and
name and Cluaniities
password
Invalid Input
-_-:-:a-;._'tgnd}::-
Valldate Input
G =
Database _—
HEI:-Elpt
't t-tnu:ludan
:-:Jmkn:ln:n-zr.- £ ..ﬂ-ﬁmclm:len

Fig. 2.11.5

m Relationships in Use Cases

Several use cases can be related with each other. Similarly the use cases are also related
to the actors who are intended to achieve the goal of the systern. The use cases are related
to any other entity by using include, extend and generalization relationship.

-‘—|_-_-_

L TR TP T = Tl - T |1.'|'Jr"|-l.lll'.'EI mrcaan e s Bus b oo u_ o
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EIEI Include ‘ | |
This is the most commonly used relationship which denotes that a given use gy,

may include another. It is denoted by
<<|nclude>>
The use case at the arrow head position is the use case which i included by use ¢,

on the other side of the arrow. When there are multiple steps to carry out t}Te singl
task then this task is divided into the sub-functions and these sub-functions ay,

denoted by the use cases. For example -

Use Case template
On-ling shopping
Primary Actor Customer
Caoal in Context | To monitor all the functionalities required to establish the session

Scenario 1. Customier logs in to purchase the product online

2. Customer browses through the products.

3. Customer selects the product and adds it to the shopping cart.
4. The contents of the shopping cart are displayed.

5. The product and shipping information is confirmed by the customer.
6. The customer pays for the product

Extensions 6a  The customer pays by credit card (include relationship)
< 6 The customer pays by the cheque (include relationship)
e A The customer pays by cash (include relationship)

# *
e

: - i -
e <<includes=>, -~ : T i
. -
1 \
H_,,.-"" I """'ﬂﬂhldab:? ~

i ‘nlumh: . ;
- £ Cash Payme i e _
Customer 1= Cheque pa@ \
1 <
Credit Payment

e

Fig. 2.11.6 Use case r |
for payment for the product (Include-relationship)
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[EIEE] Extend
. The extend relationship is used when an extended use case is connected to the base
use case. While using the extend use the extension points can be explicitly shown in
the base use cases. Following are the reasons why extensions occur -

1. When some part of the use case is optional and we need to show separate
behavior of the system,

Requirements Analysis and Specification

// s<gxtend>> - s, =<exiend>>

{Nﬂme}‘_,’ ‘1.1[Prnduc.t 10}

2 ]

r
Custome -

Browsea by
Mame

Product ID

Fig. 2.11.7 Use case for browsing product (Extend - relationship)

2. When we want to show a subflow of the system when some specific conditions
OCCUr.

This relationship is denoted by -

—opxiend=>

s The extension is conditional. That means its execution is dependent on what has
happened while executing the base use case. These conditions are described by the
extend relationship.

* The extension use case may access and modify attributes of the base use case

* Example : Online purchase system, when user browses for the product, it may
browse either by the product name or by product ID.

Use Case template

On-line shopping

Customer

To monitor all the functionalities required to establish the session

1, Customer logs in to purchase the product online

TECHMICAL PUBLICATIONS™ - an up-thrust for knowledge
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Otject Orionted > 5. Customer browses through the produc

i, SR

.I_ ; 4' LR
b 5. The customer pays for the b

e

Customer browses the catalog.

m : ; 2a Customer browses the product by enten:ng the product nmnm P
EEIM PO % 2b Customer browses the product by entering the product ID.
Ll BB~ Rk

Note that extension points are used when we use the extend relationship, Ty
‘ L]
extension points are the labels in the base use case which are referred by &

EREEE] Generalization

* In this type of relationship there are two types of use cases - the parent use case ay
the child use cases.

* A parent use case may be specialized into one or more child use cases that represa
more spedfic forms of the parent. The child use cases inherit all the structur
behavior and relationships of parents,

* Generalization is used when we find tw

O Or more use cases having comma
structure and behavior and purpose,

The test word used for generalization relatiunship is "kind of", It is denoted by

S
8 Generalization oo .

Fig. 2.11
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mwhnn to Use Use Cases ? :
« Use cases are used to model the behavior of the system. Following are some reasons
why use cases are important -
1. By modeling the behavior of elements using use cases will provide the outside
view using which the inside view of the system can be constructed.
2. Using use cases, developers can identify and understand various system
elements.
3. Use cases serve as the basis for the test cases that can be carried out during
system development,
« Following are the steps that are used to model the behavior of the system -

o ldentify the actors that interact with the system. Actors interact with the system
which is intended to perform some task,

o Organize the actors by identifying the generalized and specific roles.
o There are various ways by which the actor interacts with the system. There are

some interactions in which the interactions change the state of the element. Some
interactions occur when elements response to the event.

o There are some exceptional ways in which each actor interact with the element.
o For factoring the common behavior, make use of include relationship and for
exceptional behavior make use of exclude relationship.
« Following iz an example of the hospital management system in which the
receptionist interacts with the hospital management for making admission to the
hospital.

Schedule
appointmant

extansion p-umt

=<include>>

Fig. 2.11.9 Use case for admission to the hospital

TECHMICAL PUBLICA :I'ir_‘.!.ru's@ - an up-thrus! for knowdadgs
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— = used to describe funic 4
se case modeling 15

I mple. I
1. ffrrf:; ke actors, scenarios and 1S cases for axﬂ” _ 13,14, Dec.-13.16. Marks |
'E" & bt r | L d
L _ ' AU : Dec.-15, Marky ,
Explain about Lise-Case Model for a case study of your L0 Sl AU : Dec.-17, Mag, !I
b I!:-\. ; 5 4 L L F T . 3
: Exﬁm: with an exariple a concrete Use case qid an abstract Use o e 5
J- & E ; Im
i ' fagrams. _
4. Explam m detail about use case d f; e e
i bri agrat. 4
5. Explain briefly the elements of Use Case al | - I- .
, ] odeling and explain in detail. AU : May-19, Mark, 5
6. Wrile the use of case modeing P 3

-11,12,13.14,15,16,17,18, Marks |¢

May-11,12,16,17,18.19. Dec.

EEH Class Diagrams El§ -
A dass represents a collection of objects having the same characteristic properties th;

exhibit common behaviour. It gives the blueprint or description of the objects that can
created from it.
® There are three strategies that can be adopted for finding the conceptual classes -
L. Reuse or modify existing models for finding the conceptual classes. This is th
easiest way because in the existing model the domain models and data modek

are well designed. The common domains can be used to identify the conceptu
classes.

2. Use of category list.
3. Finding out the name phrases from th

e problem descripti
denote the conceptual classes. ¥ cription. The name phrase

Store, Airpnrt,ﬁl-Ml




A e

Ll

objact Oriented Software Engineering 2-73 Requirements Analysis and Specification
——

STy -

- Catalog ProductCatalog, BookCatalog,

| Role . Passanger, Accountant, Student, Customer,

Librarian, Administrator.

r

Financial [tems Credit Card, Cash
Schedules DailySchedule, RepairSchedule.
Record keeping = | Database, Register, Ledger.

E' - = - . - He J".:‘\-"l'_ '-_-

» The conceptual classes can be identified by identifying the noun phrases. This
technique is suggested by Abbot. This technique is called linguistic analysis.

Example : ATM System

Problem Description : Consider an ATM
System in which the customer with an ATM
card can establish session with the system. First
of all he inserts the card into the system and
enters the PIN. The console of the system reads
the card and authenticates the customer. The
system has console containing display and
keyboard. .

The session with the system can be
accomplished by the transaction. Using the withdrawal transaction the customer can get
the requested amount through cash dispenser.

From above problem description, we can obtain the conceptual classes. The conceptual
classes can be identified by identifying the noun phrases.

The UML class diagram using these conceptual classes can be - as shown in Fig. 2.12.1.

The associations and attributes for the above class diagram is not shown.,

%Eﬂfﬂw Hm‘_:i'imf Management system draw conceptual class dﬁ' ﬂ[ﬂﬂfﬂf

Fig. 2.12.1 Initial ATM system



FRPR] Attributes i)
Attribute is a logical data value of an object. It is necessary to identify the attribute
conceptual classes so that information required by the system can be rEpIEEent.ed_

The attributes are needed when some specific information needs to be rémemben
For example -
o Customer needs ID
o Account has account type

o Flight has Date/time
s Student has name and address

';'Ham: Flighthame
;?;Mateﬁme:

g

Derived Attributes

Fig. 2.12.2 Attributes and derived attributes

Relationships
Various relationships in class diagram are —
1. Associations 2. Inheritance
3. Aggrepation 4. Composition




_
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, The association is the most common type of relationship used UML. The association

is shown between the classes or instance of classes. For example -

in above Fig. 2.12.3 the relationship between the customer and the bank account 1s
shown by the association relationship. This can be read as "One Customer can have

multiple Accounts in the bank”,

/1 Account
Customer 4
Has +Type
+Name i —| +BranchName
1 +accNumber

Fig. 2.12.3 Association relationship

@ When to show an Association?

The association relationship is used in the system design when we want that the
relation between two object has to remembered for some time.

The assodiation relationship can be defined from the common association list. Use of
too many association relationships in the class diagram must be avoided.

® How to represent Association in UML?
The association is represented by a line between the classes. The association name
must be denoted by the string with first letter capital.
The ends of association must represent the multiplicity expression indicating the
numerical relation between the classes.
* Using the simple association names like Has or Uses leads to less understandin g of
the domain model. Hence more appropriate verbs can be used to dencte the
association name. Most commonly used association names are -

1. AusesB

2. AhasB

3. Ais a member of B

A records B

A issues/returns B

A communicates with B
A is followed by B

A is owned by B
——

Ll T8 - 8. M

TECRANAL DR A ATIOAEE | e i bi e
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@ Example

Issues

1 L]

Fig. 2.12.4

@ What is multiplicity in an association?
e Multiple objects can be related to some objects. The multiplicity represenis Iy

many" objects are connected.

e The multiplicity can be written as expression. It describes "one” or "many” Objeq
associated with other object.

* The multiplicity is specified at the end of the association link.

e Following are the notations that can be used to denote the mlﬂﬁp]j.jt}, d

associations -
e : =
MNotations Description
1 Only gne instance

45 Zero or one instance

. J Many instances

0.* . Zeroor many instances
One or many instances

You can specify the integer range

* There i i
mmﬁp}l:j :;r TE:ME hetl:veen two terms - the multiplicity and cardinality. The
constraint on the collection of the associated objects whereas th

ﬂb]ECtS thﬂt i I o e o
actually the constraint on the cardinality. ate In collection. The multiplicity b
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[for example «

“
Clase { L Tanches i
g mm " ]
_—-—-—

ﬁ
Rinm ; Taacher Tiachia Computer ; Subjects

Objec! Smita : Teacher

dlagram

Sanjay : Teacher Tanchos Mechanical | Subjects

® How to find assoclatlon with common list?

Following table shows different associations that can be identified from the common
association list -

F

Category Example
-Tlmd Bare transactions and they are related with  Reservation (s related to the Confirmation of
each other Reservation
A s arole and B is transaction - Customer makes the Payment
Librarian issues Book
Librarian issues Library Card
A s logleal or physical part of B Customer has Library Card
Al logically or physically contained within B Book is present in Shelf
A ls a member of B Student is a member of Library
_A uses/ manages,/ owes B Customer uses Account

EXEERY nheritance

* Inheritance or Generalization is a relationship between superclass and one or more
subclasses,

This is a kind of relationship in which the properties of parent class are inherited by
the child class.

In this relationship the superclass is more general and the subclasses are more
Specific. The subclasses use the common properties and methods of the superclass
but at the same time adds specific attributes, operations and associations,

This is 1s-a kind of relationship because each instance of subclass is an instance of
Superclass,

'.-"-‘-——_
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is represented by an hollow arrow head as give,

Requirements Analysis and S‘pg%

Object Orianted Software Engineering
¢ The inheritance or generalization

below - | [:}

s For example

Tests

+name
+date
+lime
+class
+marks

staius)

il

Monthly Test Annual Test

2] Aggregation and Composition
Aggregation and composition are the kind of associations,
’
Aggregation is used to
: represent the whole-part relati :
Hﬂﬁ-arelanmhjp‘ Itis denoted as follows - i normally posses the

Object, if the

“OMposition, It is denoted &

E

ig. 2, 1 1'7-—-—-.-__—-‘
3 \_\ c'“hpﬁ““““ ulﬂﬁﬂn. o
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==
for example - Steering and Car are the twe classes those can be associated by
qmposite relationship. This s restricted relationship because the Car can not exist

without Steering.

We can read the relationship as "Stee-ring is a part of Car”

Fimoad

i

TR i

Fig. 2.12.8 Example - Composite relationship
pifierence between aggregation and composition
5 AT L

S A

Composition

The relationship between child and parent class is| The relationship between child and parent class is
represented in aggregation relationship where in represented in composition relationship where in

child can exist independently of the parent. child can not exist independently of the parent.
It is weak association. It is strang association.
Deletion of owning class doesn't affect system, If owning class is deleted it will significantly
affect the system,
The hollow diamond is used in arrow notation. The solid diamond is used in arrow notation,
Fer example For example
Vehicle Driver Vehicle Engine
"
BPE visibiity
The T-’fﬂibﬂity specifies the how the attributes s
d operations are visible in the system. There are X
® - session
f'cllﬂwelﬁ of visibility - Protected é: - card no
. ; P - i
1. public : The public element is visible to all o
€lements that can access the classifier. It is
d o Fublic * create transaction)
enoted by '+' symbol, DT ek 0
% protected : The protected element is visible Protected # getmess
: Package ® T reconfigure()
o al the elements that have a 4 b Uy i

_

Beneralization  relationship to  the . :
Fig. 2.12.9 Visibil
Mamespace that owns it. Protected ity

""iSib'ilit}r is represented by '# symbol.

TECHNMICAL PUBLICATIONS® - an up-thrust for knowledgs
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3. private : A private element is only visible inside the namespace that OWng i

Private visibility is represented by ' symbol.
4. package : Only the elements that are declared in the same package can g, g

feature. It is specified using the symbol '~

Qualified Association
The qualified association has qualifier which is used to select particular object fr,
the set of objects. For example For selection of particular Student from the Course the

qualifier will be StudentID

A s Jiiee

Fig. 2.12.10
’ £ :;mlj.ﬁer ESE:I property which defines selection key, UML allows having a qualifier
end of a single association, The multiplicity can be associated with the iati
ey association

0 be a class itself, That means
by an association

R
"Eﬂursauame_ T ,_ ;
~LCourseip e
~Feg G
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[EEE] Singleton Class

a certain number of objects,

For example -
_Underlined object
[ indicates that it is
A static membar
Fig. 2.12.12 Singleton class
Active Class

Fig. 2.12.13 Active Class

An Active Class indicates that, when instantiated, the Class controls its own execution.

Rather than being invoked or activated by other objects, it can operate standalone and
define its own thread of behavior. In other words this class initiates a thread or a process.
For example - CommandProcessor is an active class when user submits some command
then based on that command particular process is invoked for execution.

NS CommandProcessor

muing)

Fig. 2.12.14
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When to Use Class Diagrams?
Following are uses of Class diagram :

1. For modeling the vn{‘.‘lhlllll'}' of the system the class diagram is used.
« When we want to decide which abstractions must be the part of the syster, "
which abstractions should be outside the boundary, we design the class diagrap,

s The class diagram is used to represent the abstractions and their responsibilitieg

2. For modeling the collaborations of the system the class diagram is used.,
« Collaborations is a collection of classes, interfaces and other elements that wgy
together to provide some co-operative behavior.
» The class diagram specifies such collaborative classes and their relationships,

= For Example -

CashOnDelivany

—
Customer
id - i ] '
add::etsszswng Y ki
phone - int :
G- ahing il created | Date
- id ;int
scrofls() v address : string
o . L g 1
placesorder() ‘open : Date ir
| s 1
nsacti
%f ang) Order
1 number : string
ordered ; Date
shipped : Date
0:.& destination : hrﬂ:lr&sa
- td:dal int
Payment i
: 1
Rﬂamibilil‘yr-_ '
-Payment details
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3, For modeling the logical database schema the class diagram is used.
« For conceptual design of the databases the schemas are used.
« Forexample -

Fig. 2.12.16 Company Information System

m Examples on Class Diagram

MPWPEH a class diagram for each group of classes. Add at least 10 relationships
@ssaciation and generalizations) to each diagram.

File system, file, ASCII file, binary file, directory file, disc, drive, track, sector
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i low -
Solution : The required class diagram is given belo

Elle System
. 1 [ Fie
Disc
Seopecsy - +create()
+oompress()
+delete()

. L ; +rename()
0.7 . toopy()
| Drive tracks
| +driveletter
{ Data File Directory
*naima
+execute() +listnames)
: ASCII File Binary File
+y

; +dateofcreation
+printi) +size

: website. Depending on the
' ﬂPP'-' Opriat, 118 ﬁFE g
N tate bill is Senerated. The il also contains amow

the customey g , 5
SEnerate reports Ii. 1: ong with necessary #X°
e efrmﬂﬁ E‘.I'HF‘}’: mﬂfﬂy@mﬂy iﬂfﬂmﬁ “ ike list ﬂ'f CLs fﬂﬂ’!tgm Stﬂylﬂg in the hotel, st
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Hatel
+HetellD
e, o
+#ddress
+webaddress)
+Phaone
B Room
*+roomumber
Manager +igoccupiad
+id
+name ¥
+phane v
. +generaternport g
Customer ﬂ“ﬁﬂmrmﬂ i w t\
+D +keepstatus() g
+addrass
ity generates Normal :iqmmg
+phone ; +ACarMNonAC
+pomMumber Bill . I
m YT
+check_in) +Customer|D
u?nt} P Phone *books [Receptionist |
‘h‘.!'dﬁfmcltﬂmﬂ +id
*namea
+phone

m Conuvert the following info a class diagram with appropriate classes,
relationships, multiplicity.
A computer program has many statements. An expression is a statement. A function is
staterment, An expression contains a variable, a constant and operator. A relational operator

5 an operator. An arithmetic operator is an operator, A function has an argument list, a

TECHMICAL PUBLICATIONS® - an up-hvust for knawladge
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) .
oriented Saffwand

solution : Program

namaea

purpose
guthor

compile
link
execute
debug

1

Statement

T

Expression il i
String 1 |

evaluate 1 1
<> ArgumentList ReturnType

noofArguments DataType

Variable Constant Operator

T

RelationalOperator ArithmeticOperatar

EEEIPEREES Corcert the folloing

relationships, multiplicity,

Fig. 212.17

into a class diagram with appropriate classes,

provides the loan, - "loan may be involved in the purchase of a car. B
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golution :
b Car ' 1| Car Dealer
S *! Model year Salls
1 1
Lien
Orwnvar
name 1 Borrows * :
address Car Loan
AccountMo.
Rateafinterest
Balance
*
Person Company Bark :
email » = | Phone Branch Fimndiss
1

Fig. 2.12.18 Class diagram
Convert the following into a class diagram with appropriate classes,
relationships, multiplicity.
A drawing object is a text, a geometric object or a group. Group can contain at least too

geometric objects. Point, polygon are geometrical objects. A polygon is compased of an
ordered set of points.

Solution :
Drawing Object | 2=*
75
0.1
Text Geometric Object Group |< -
l]}. |
Paint Folygon

7

Ordered Set of Points

Fig. 2.12.19
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; ith appropriate relatj
. . the given description
EPSRERTIY Draw a class diagram for
orshil < arrd multiplicriy. .
relationship names a ipl Each document is composed of paragraphs that oy,

A person orons multiple documents.
. ; ates from document to pargor. .
. haracters. The copy operation propag ) Tph g
turn, composed of charac aracters in it. The operation does ng 4

] ' fte ch
characters. Copying a paragraph copies all 1 M 1 _
propagate in reverse direction; a paragraph can be copied without copying the whole

documen!.

Solution :

Document

Chwnis

Copy

Character
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golutic"
Project Student
1 3.5
1..3
1 Guide
Fig. 2.12.21 (a) Class diagram
Student Student Student :
; Student Student
name = " KK" name =" 00" T
name =" TT nama = "LL" name = "V\"
\ / Student /
Project g Project - o
Title = “AAA" \““x Tile = "EEE" | _— | name = "M"
Guide
nm = "AEE"‘

Fig. 2.12.21 (b) Object diagram

m{fﬂnwﬂ the following description into a class diagram. Shot classes, |
"elationships and multiplicities.
Ing "Hi'ﬂ!rﬁ:'ty there are different classrooms, affices and departments. A department has a
e and jg contains many offices. A person working at the university has a unique 1D and
ol Professor or an employee. A professor can be an associate or assistant professor and
"efhe s enrolled in one department. Offices and classrooms have a number ID, and a

O0m has a number of seats. Every employee works in an office.

PR W ar



+no_of_seals +D : +is enrolled

SRR 1 +name
+works in
i i
Employee Professor

Associate professor Assistant professor

Fig. 2.12.22

EXETIERERT] A country hus many citizens, One citizen among all can be identified by on

Adhar card. Represent this as a qualified association, Two diagrams are expected. One
without qualifier and the other with guulifier,

Solution :

Country

Citizen

. Country

I .. T . 'Ih: +has

1
2 Multiplicity
] | reduced to 1
Fig. 2.12.23

—I—'_'-.-Fr-
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An electronic gadget shop has television and washing machines. mwﬁ%
screen size inches, color, mountinglonly wall or table mounts are possible). Televisions come
in two types namely LCD and LED. A washing machine has a capacity in litres, color, type
of loading(Top or front). A customer can order an electronic qadget. Draw a class diagram
for this with attributes and relationships.

Solution
Customer + orders ElectronicGadget
Television Washing Machine
+screen_size | double +Capacity : int
+Color ; String +Color ; String
+Mounting : String +type_of_loading : String

LCD TV LED TV

FEN R RYE A book is composed of Table of Contents, Preface, many chapters and index.
Chapters are composed of sections. Convert this using a class diggram.

Solution :

-‘_‘-_|_-—-_
TECHNICAL PUBLIGATIONS™ - an up-thrust for knowdedge
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m Analyze the following description and apply steps to find the candidate
analysis classes and attributes from it. List all classes and all attributes separatel,
scheduling software facilitates the meetings. When a user( chairperson) arranges g Meet;
the software places a meeting entry in the schedule of ench attendee. The chairperson g,
scheduler to reserve a room for the meeting, to identify attendees, and to find time gy 5
schedules when everyone is available. The chairperson can indicate whether the aty
for each attendee is required or optional. The system tracks the attendance status fo,
attendee-whether an attendee has accepted or declined.

Solution :
User
1D
Mamea
Email
Chairperson Attendee
sttendance_type Meeting_Entry
Meeting_date attendance status
Meeting_Time
Mesting_Location
Attendance_Lisf
meeting
Meeting 1D i
Scheduler Agenda fpom. No
; Data
Date Time
LT'"'* ! Duration

S LR REY Draw a class diagram for generalization relationship using the keywords
Shape, ClosedShape, OpenShape, Line, Circle, Ellipse.

Solution :

Shape
OpenShape ClosedShape
Line Circle : Empaa"l
]

Smemernl IR lads m oy mBEE Lm . o
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‘ansflmcr desigﬂ_ for library information system which comprises and
following notations (i) Aggregation (ii) Composition (iii) Association

AL Dec.-15, Marks 16

golution :
Compositian
Library Card
[ card Reader +CardNo
T Model +ExpiryDate
+ ReadCard() +BorrowBook()
+has
Student o Library Librarian
+Student 10 s _BCollegeName e ::_;lann;
ﬁf‘;;‘: +Qualifiction
+Address +ManageTransaction()
- +AccessDatabazeq)
Hssue_ Book() | Association
+Return_Book() +Update Database()
:" :: Book
[ il +Name Aggregation
IMW E.liﬁtlrlﬂ Member +ISBN +Year ggreg
+Author +Status()
L +Publisher
+Edition
+Status()
Fig. 2.12.24

MMG'&H a class diagram for "Banking System” State the functional

; i you are m?iﬁfiﬂriﬂg- AU : Dec.-17,18, Marks 15; Dec.-18, Marks 13
Solution ; See Fig. 2.12.25 on next page.

Functional Requirements -
1) The valid customer must log in to the system using username and password.
2) The system should authenticate the user.
3) The system should allow the transfer the funds between authorised access.
4) The system should allow the customer to view the balance in his account.

3) An administrator is that person who is allowed for some editing for the internet
banking system like add/cancel customer, check the transactions.
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Obyect Orfented Software Engineenng
! o Bank
+Maime
+1 +code
Branch :I
h
+Branch_ID e 1 '.'1+m;$|;IE.|'Z-‘;r:ﬂl'rl;:rh[fi
+Branch_name dgel
+Address +getalBranches()
+addAccount()
+removadccount()
+galAccountinfol)
| Account
+4cc no
- +balance
+cust_|D errepeeT
Ms 1 1 {*withdraw()}
+Phone +gatBalancey)
Savings_Account Current_Account

Heview Questions

Fig. 2.12.25

1

10,
11.
12,
13.

DESI':‘?:I_E?E the sirategies used to uentify the conceptual classes, Describe the steps to create g |
domain model used for representing the conceptual classes.

| - : May-11,12,18, Dec.-13, 14, Maglse 16}
Explain the Sollowing with an example : Conceptual class diagram,

Explain the guidelines for finding conceptual classes with

neat dig Frams.

What is multiplicity
mltiplicitios,

Write a short note oy the associations,
Define A8gregation and composition
Explain association,

%m ﬂ_but;.f aggregation and Composition,
Differentiate aggregation gng COmposition

—
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w Interaction Diagrams Mav- 11,14, 18,19, Dec
nteraction diagrams are created to represent interactive behavior of the elements of
the system.
UML defines two types of interaction diagrams - 1, Sequence diagram and
2. Communication or collaboration diagram.

13, 14,15, 06,017,185, Marks 1b

System Sequence Diagram
pefinition : In UML, system sequence diagram is represented as the interactions made
by the actors with the objects and operations initiated by them.

o The external input events are called the system events which are useful in analyzing
the behavior of the system, System sequence diagram are useful UML notations for
depicting the behavior of the system

e The time based events or messages can also be represented by the sequence
diagram.

* The sequence diagrams are useful tool to represent what the system does and not
how it does. The sequence diagram is used as a tool to represent the system as a
black box.

* Sequence diagrams are derived from the use cases and they represent one scenario.

* Sequence diagram is used to discover software architecture and interfaces.

Various elements of sequence diagram are -

Time line or Life line - The vertical line is called object's life line during the
interaction.

Messages - The messages are represented by the line between the two objects. The
messages will occur from top to bottom. Each message is labeled. This labeling can be an
event that leads some action, self call, control information, condition checking and so on.
It can be denoted as

]

3 : Entars PIN ()

-——

Fig. 2.13.1

Box - The boxes at the top of each time line generally represents the classes, objects or

Actars. Objects have labels in the standard UML format name:;ClassName, where "name”

8 '?'Pﬁﬂl‘lill (objects that haven't been given a name on the diagram are called anonymous

Objects), Classes have labels in the format ClassName and actors have names in the
format ActorName,

‘-_‘_‘_-_-—-_

L. TEAUAICAD PR EATONEE o un-fanust for inosdadas
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Fig. %S e life line are called the activa
thin boxes on os. These boxes indicate tha; the

invocation box : :
S T m":d t::? $::::b]'ect 1o Fulfill a message- Itis denoted as
y

& . .h?i dune
processing is being :

1
Fig. 2.13.3

X at the bottom - The cross at the bottom indie
removed from the memory. It is represented as

Activation Box - The long

ate that the particular object can p,

Fig. 2.13.4
Conditional logic - The model can show the conditional logic by using the conditiong]

MEssages.
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m Relationship between Sequence Diagram and Use Cases

. S,Equence diagram is used to represent one scenario of the use case. Hence it can be

derived by observing the use cases,

System
cipglyde=> ;
!I AR R Invalid PIN
e

Q\Qﬁmncﬂ Enguiry ) Bank

i Wl Insufficient
':':JHEIUE.IE}:‘}! 0 balance
I

y

Customer

<<inclsdes>, -
\ S esgwtand==

_ Check Account Ealanm__;___,}

/

Dispense money

Fig. 2.13.6 Use case diagram for withdrawal of money

e Following is a use case diagram for the withdrawal of money from ATM system.

» Following is a system sequence diagram for Withdrawal of money from ATM
system.

 One scenario of the use case can be represented using the system sequence diagram.

The loops in the system can be shown using the interaction frame.




iect Orented Software == - :
‘ { * Inserts Card() q
! 1 T —

3 - Reques! for PING)

I 3 : Enters PIN() T 4 ' Submits PIN()

6 : Valid PIN{)

I_i 7 : Selects Withdrawal() ;

| Il |
i" 8 : Display Menu{)

9 Enters Amount() ' __

.Em - Check Account Balance() | 11 ; ?Balance>Amouy

|

12 - Valid Amount()

i‘ 13 : Dispenses Cashy) |

:14 : Collect Monay From Slot() l

i_.
'1‘5 - Display Account Balanca()

18 Ejects Card()

Fig. 2.13.7 Sequence diagram for withdrawal of money

i

Guideline




sequence diagram can be drawn for

the objects Customer and the ATM
System.
The Bank can be external “

system in this model and the interaction with such an
external system can also be represented using sequence diagram.

Example 2,

WERE Consider the following use cases that

y = ; play a role in a barking system :
i) Withdraw (Minimum balance has to be checked)
Model sesuence diagram for the above two cases AU : Dec.-17. Marks 13 |
Solution : i) Deposit
ATM System

%ff,/——"\‘\\

-:-:h-mm:le:-:,x’ Y, =<include>> ‘H‘H‘H %

F Hi 1
Fl i
L
Custom
er Cash Deposit Check Deposit Bank

H:'""I'iﬂ'll:lrn"lll' - Refer Fig. 2.13.6.

Sequence diagrams

" Deposit - Refer Fig, 2138,
H H
]'wﬂhr.lraw - Refer Fig. 2.13.7.

e e A ll e o e e

LT A_FENT I F R e e

o, - ——
TR e

=



T —

| 2 5.100 Requiraments Analysis =y al Spgc.ﬂcah

Iﬂulhmnr Account , Bank ,

1 : deposit

T
[
i
I
I
[
[
I

2 | process deposit

3 : Acknowledge

. .‘
I| 1
. :
Fig. 2.13.8 Sequence diagram (Deposit)

Collaboration Diagram
. Ptfhjliun * A collaboration di
In an interaction and the
the interaction,
. Bc;ﬂ;ahuratiun diagram represent fhe structural
e the sequence and collaboration diagrams
sequence and collaboration are similar an

gram shows the objects and relaﬁnnsl‘lips INvolveg

sequence of Mmessages exchanged amnong the objects during

AOrganization of object.

hgraph. The links that conned
ave the role name to identify
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| It specifies that the corresponding object is visible in its
enclosing scope.

It specifies that the corresponding object is visible in its as it has
a local scope for invoking object.

| It specifies that the object is visible due to its operations.

== | It specifies ﬂ'ﬂitherm:mpurdingnhjectmﬁﬁlhlebémmeﬂh
parameter, |

Following figure shows these adornments to the Imks
11/4* 1174 3 pree—

J —gssaciations:

=< paramentars=>

rE’“". TinatonSecton | <<aicbar> ﬁwtnm]-—— - Admission
T1 141

<<gglf>>

ESEEE] Messages and Stimulus
¢ There is a distinct flow of control within the system. For each control flow, the

messages are ordered in some sequence, The sequence can be specified by following

format
Sequence_number : message

* Following is a communication diagram that shows the messages.

g w\ i

; 2 mMaw{Ammnt}[ 3 notity()
¢ Customer { Transact :
L_. . | 22 mmm{ﬁ.mml’.ll ETHIH i : k el
1
connechor

flow
eaind 2.1 checkBalance()

(a)

B —I 1 : submitForm()
P Piw__-: e

ib)
Fig. 2.13.92 Flat sequence

H-\-"'"—\—._._____-_-_-_
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o= fy the sequence of messages = .
o Thereare tW0 ways o speci ural of nested flow of Cﬂ]}trﬂl 18 repreaelltedh}
ural sequence : The P! ORMAE some messages 15 represented by e
i filled solid arrowhead. The nesting of
a n
sub-numbering. For representing the or pmcedufﬂ] sequence, the flat sequer,
ence
1 Hm is represented by a stick arrowhead
5 i for distinguishing the flow of control,
The message sequence number 1S useful for di ; |
. g f sending the message, with Parhfu]a]-
e A stimulus represents a specific instance 0
arguments.

s Types of messages:

o Nested message : The nested message represents a procedure call or other nestg
flow of control. The nested sequence is completed before the outer level sequenc
resumes. The nested message symbol is represented by a filled solid arrowhead,

Backward nested message
aff—
B —
Forward nested message

Fig. 2.13.10

o Flat ME ﬂﬂ The flat message E_lhnws the progression to the next step in a
sequence. t message symbol is represented by a stick arrowhead
Backward Flat message |
= —
— .
Forward Flat message

| Fig. 2.13.11
o Asynchronous Message : The

aﬁj’ﬂﬂhrnn ﬂﬂ}"nchm
message between 1S Message symbo] shows &

. two obj
15 represented by a half stick anuwheadmm' The asynchronoys message symbd

backward a5

¥nch
w——_rin_fﬂs Message
forward ag
Ynchrong
..____________"E Message

Prics wns
ks o rOCe85S and tagyg . - - re2d of control and &
*ong them 1€ active objects, Active objec®
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jcanbe represented as follows -

Involce : Displaylnvoice

Flg. 2.13.13

The syntax of denoting the active object is
(name][:type]
where
name is the name of active object
type is a class or use case

EEEEX] Communication Diagram

There are two types of interaction diagrams - Sequence diagram and communication
diagram: Both the diagrams are semantically equivalent. Hence one form of the
interaction diagram can be converted to other without losing any information. But there
are ways by which these two diagrams differ. For example in above given communication
diagram, the two objects can be linked to other objects using {local] or |global} adornment
but this is not possible in sequence diagram. Similarly, in sequence diagram at the end of
ﬂ'llE transacnun you can destroy the object but this facility is not there in communication

1

'""_.""
.-'

l: H'-Z'E::-: |':?-'C_- '_::.. -1
. chunnudi A
:

Communication diagram

TI"'“'I'-’-EI'HE diagram models the lifehne of the
Sbiects, The lifeline denotes the existence of the
‘obiect betweer its creation and destruction,

'l-u-_____ <

The communication diagram represents structural
links among the objects during there interactions.

e, "o
3o

- The particular object can be destroyed explicitly
hm‘%ﬂdﬂgﬂm

There i¢ no facility to destroy some abject.

The [local) or (global] scope of the objects with
other objects can be represented in this diagram.

——

T TR B .
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Strengths and Weakness of Sequence and Communication Diagram,
EXEEX] stren | W

t developers have different preferences for the interaction diagram. Hpg,,
the sequ:-in-:e diagram is preferred more because they posses greater notational poye,

Object Oriented Software Engineering _

Strengths of sequence diagram | |
1. The call flow can be represented more systematically in sequence diagram g,

that of communication diagram.
2. The sequence diagram can be read from top to bottom and proved to be excellg,

for the documentation.
3. The reverse engineering can be easily carried out in sequence diagram.

Weakness of sequence diagram
1. Drawing sequence diagram is complicated.
2. It is more space consuming because if we wish to insert any new object it has i
be inserted to the right.

Strength of communication diagram
1. The communication diagram can be easily drawn,

2. They are more space efficient because the boxes can be drawn vertically or
horizontally and can be placed anywhere. Sket

is very simple. hing of communication diagran

Weakness of communication diagram




4:send(userName password)

T

i Sovalidation()

[

|
: :

Fig. 2.13.14 (a) Sequence diagram for interaction with GUI

f:status()

i !-

5 : validate()

7-displayValidationMessage() ]

—

1 - enterLlserName()
2 - anterPassword()
\ 3 ; pressSubmitButton()

N

7 displayVaiidationMessage()
4 - send{userName, password)
>
,‘__-.

6 : status{)

Fig. 2.13.14 (b) Communication diagram for interaction with GUI
| _- dhgmmsﬂmtspuc;ﬁwmfﬂawquutrdiwufwdin
L ._ Mmﬂi 4T : __._‘L:"-

i as msiar MATIOAEE _ an us-thrsd for knowledge
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R
. i e

ring{}

PickUpReceiver

| Connecib, a)

Cennact{a)

il =S

=

h—————---_____,

Fig. 2.13.15 Sequence diagram for two party phone call
mm a collaboration diagram that specifies the flow of control involved in

registering a new student at a school,

5 Send Fnrﬁﬁur'ﬂ'lhn[]

ution :
‘ I IE:Ehﬂctﬂlmnlﬂgihilh
: Registrar

I 2 - Display{)
I# Submits Formi)

I -, b EH&H.GC!.";;{J.

I‘f"-l'hw'l::rumu[]
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f i
.

i 11.,,, login operation in ATM model can be performed by entering the valid
T'_I.Eﬂﬂl"j“ﬂ PIN. The sequence diagram for it is given below -

1 : inzert card

L]

| 2 : Validate card

-

4 : Insert PIN

§ % 5 -Validate PIN

2
__.,-

r -i' "‘- ' Ty -."'."l"‘:u.".\I

J e b _..-I:r.'
i S t :'.\_'.-:'_: ‘:: ._'-.-";ﬁlq' T ,-\.:-.

[ 1|
WY o L

"g.-?"r-
-.':-_:',;:-‘,- i

o=
EF
[y




r 2 = Valid mambar :
3: Check took vailabilty “l

I 4’ Bok avallabe
| §: Check number of books issuad E_ . i

L L LT [

.— B : Can lssus naw book: :

7: Changs bobk status as lssued !

;
; :
: .
: : -
i
' ! ;
L]

L)
: ' ;

. ;

.

B Update record

. 0 - lssue hock | :

Fig. 213.18

i) Renewal of a book

._ % Book issued status
{4 : Update member bomowing ::

._ & : Ranewal of book !

Fig. 2.13.19
TECHMCAL Fti% rn




1

4 ; Submits form(}
i [ 6] Check student sligibiity()
i I :
T : Eligibdiby; confirm() |
& - Pays fees() :
l: 9 : Paymani confirmation()
E E
I 10 - Regisiers forjthe course()
Fig. 213.20

I,z . Display()

'I'J:Eq.hrnrta ormi}

TE : Gebect course()

Fig. 213.21

Ti  View courses()

i el S L™ AL

Li.._ TECHNICAL PUBLICATIONS® - an up-thrust for knowtedga




3 Gives Bil{)

4 Sweps Card)
: ” 5 : Verify Card{)

6 : Acknowledge()

7:Process Card()
EI: 8 : Makes Transamnns{Lli

[il_' 9 ; Acknowledge()

r 10 Euhrm't:zﬁaueﬁ:lt{}

11 : Makes Signature and Return()

P -
T E

]

=

1

'

Fig. 2.13.22 Sequence diagram for online shopping system

S T e R R = about mrmm diagram Motation for i tnventory management sysT
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BT hi T Oy

TEOCK IMtenance
Btock Maintenance
r .':'T! fﬁ '::f'.--;-:ﬁﬂ.

2 : validate()

o
3 : Send validity() ﬂ

5 | Check availability

status()
§ | Chacking Awilablitﬂ;_ !
7 : Checking availablity()
E]_& ~Send avaibiity status(]|
8 : Progress order()

i

11 ! Update databasa()
12 : Generate Bill() [

13 - Send Billing()

14 - Logs out()

Fig. 2.13.23

TECHNICAL PUBLICATIONS® - an up-hrust for knowledge




Req | —
nd password from the wser. The sysigus,

; ' ts userid a ; _ o
The Hﬂ:ﬂ I:J'gl'r: ﬂ‘f’mg i successful’. Diraw @ sequence ‘mﬁ"‘ﬂm_ﬁ,,
calidates them and diSplays
this.
Solution :

System

-.::: : s l ._r i E:ll ’
' 4:Enters User ID
: E
]
]
]

2 : Enter User Password !

3 : validates

— L P —

Fig. 2.13.24

Ex _ - X} mlﬂfﬁﬂmﬁ diagram notation for inventory management

Solution : See Fig. 2.13.25 on next page
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1: Logs ing)

2 - validain()

4 - Send walidity ()
4 - Derands fems fo fUlfill Be order()

b Mmllmllrtqui

B : Checking Availabilty()

T : Gheckirg avallabiity])

8 : Band availability sdabus{)

8 Proceas crder) ﬂ

18 -Update)

F 11: Update databass()

- 112 : Genaraie Bill} IACCouURtant

14 ;' Logs auh) __é

13 : Sand Biling{)

;
Fig. 2.13.25

-::.':||-|,||:. .. 1312 h_ Mm_ﬁrﬂ Fﬂy’rﬂﬂ Syﬁtﬂﬂ in L[I‘IJL..

' .'I ] -l-i' -."_":.-'..:.E I, St : i

e (AU Dec 16 Marks 16
Solution : The interaction modeling can be done by designing the sequence diagram for
the given problem statement. The sequence diagram for payroll system is as shown below

* 1 (L
i iR
fai ol LT =
- ::‘Iﬂ-"_.._ . = 1_'-“

' The sequence diagram models the The collaboration diagram
' mﬁa the objects. The lifeline
denote existence of the object
m1ﬂﬂﬁﬁﬂnﬂmwm

- The particular cbject can be destroyed

\\-‘_‘_"“‘—-—-_._

structural links among the objects r.'l
there interactions.

ALy

There Is no facility to destroy some object.

TECHMICAL PUBLICATIONS® - s up-thrust for knowledge
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1

= ——
[
=
p—_— ]

4 Submits number of hours worked

e —— Y e

5: Submit details of the Sales mads_

- S

6: Request for payment

7: Calculate Salary

p—

8: Access database to notify changes

SRl el e T I

—

o e e S N SN N N W ER WNOER TN R BN MmN omm

e G T L

When to use Sequence Diagram ?
The sequence diagram represents following things -
o One particular scenario of a use case

o The events that are generated by the external actors
o Sequence of those events

o Events among the interacting objects of the system.

TECHMICAL PUBLICATIONS® | an up-thrust for knowds e
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Wm&:ﬁ‘uﬂm

ﬂwhan to use Communication Diagram 7

: ion diagrams . TR 2
The interaction diag such as sequence diagram or communication diagrams are

ed to represent the dynamic aspect of the system, Following are the two ways by which
o communication diagram is used -

1. To model flows of control by time ordering

Requirements Analysis and Specification

+ The communication diagram is used to model the flow of control by time ordering.

o The sequence of messages that take part in the interaction over the time is
[-E.P['EE-H‘I_tEd in the communication d.iagram.

» The iterations and branching are shown more effectively in communication
diagram.

2. To model flows of control by organization

+ The communication diagram us used to model flow of control by organization of

 objects.

» This diagram emphasizes on the structural relationship. The interaction among
various instances (objects) is shown by the messages.

Heview Questions

1. Discuss the relationship between sequence diagram and class diagram.

ALl : Dec.-18, Marks 13

L TMustrate with an example, the relationship between sequence diagram and use cases.

All : :'r'luj!.j 11,14, Dec.-13, 14, Marks 16, f‘"]..-'i!..'- 1819 Marks 13
3. What are system sequence diagrams ? What is the relationship between S5Ds and Use cases ?
Explain with an example. AU : Dec.-16, Marks 16

L. Mention the strengths and weakness of sequence diagram vs. communication diagram.
3 WHEI is Hhe Hﬁfﬂjsyﬁtfm EEQHEHCE lﬁﬂgfﬂm Fd ALl - May-11, Marks 2

e

m ,ﬁ,ﬂﬂy[tr Diagra-r“g m

* An actiw.rity diﬂgl‘ﬂma is ius[- similar to the flowchart in which flow of contrel from
activity to activity is shown. The difference between traditional flow chart and
activity diagram is that - in an activity diagram, the concurrency as well as branches
of control is shown.

. Acﬁﬁt}, diagram focuses on dynamic aspect of the system. An activity is an
UNgoing structured execution of behavior.

"‘-...______-_-_-_

TECHNICAL PUBLICATIONS® - anup-thius! for knowledge
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EXIE] Activity and Actions

Actions : Simple act,
o The executable and atomic computations ( Pay Bill j‘

are called as actions. For example -
evaluation of some expression, sending of

signal to some object, creation or
destruction of some object - all these
repevsmt the actians. Fig. 2.14.1 Actions
¢ There are two ways of representing an
action - 1) Simple action and 2) expression.
* The actions are represented by rounded box.

Activity node
* Activity node is a nested grouping of actions or other nested activity node.

* Activity nodes are created for those actions that take time to complete,
* Actions is an activity node that cannot be further decomposed.

It is represented as’

it oD, -
s aibuiblf (Generate code())

Fig. 2.14.2 Activity nodes

. Initial and Final Activity

» Initial srtnte‘ + In activity diagram, the initial state is represented by a solid cirde
From this circle the transition to the first &—Initialization
activity starts. Thus the initia] state
represents that all the activities start thejr
execution from this point,

* Termination : In activity diagram, the
termination is represented by bull's eye
€. a solid circle surrounded by a hollow
circle. This  state represents  the
termination of all the activities at thig
pont. Fig. 2.14.3 represents these states, F19.244.3 Initiation and terminatior




. Activity edge can be control edge or data flow

, Thus we can show
For example :

edge (object flow edge).

achivi . i
Vity edge as a line with an arrow pointing to the next action.

Activity edge

Fig. 2.14.4 Activity edge

EEEER] Obiect Flows

When activity edge is represented for data only. For example,

BRI Decision and Merge Points

A decision node or decision point
is 2 control node which has one input
edge and multiple outgoing edges.

When data arrives at the decision
Point, a single outgoing edge is
*lected from multiple outgoing edges
ad data is sent over that outgoing
®dge. The outgoing edge is selected
bsed on the evaluation of guard
“ndition. Guard condition is a

ean expression that tests some
"lue visible to the activity.

k «

kit

Action? [choice 1]
m [choice 3]

(cion2) -
Action3

/\.f’
[choice 3] :

Fig. 2.14.6 Merge point

[Order Acoepted]

[Order Rejected]

Fig. 2.14.7 Decision point

R R . e

]

T ——
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The me;-ge node is opposite of decision node. It has multiple input ﬂ‘:“‘"’:a:q-.\
output flow. The merge point simply takes any token along some incoming i“PUtﬂ
and makes it available on the outgoing edge.
The notation for decision and merge point is diamond shaped.

ly

Example

== [choice 2] )0 [choice 3] ’[E

[choice 3]

Fig. 2.14.8 Merge point

[condition is trua] o on
True

‘@’ Decision Node Merge Node

Action of
[condition is false] | False

Fig. 2.14.9 Decision and merge point together

Fork and Join

- I—“ El{'.'ﬁ"i.fit:,r diagrm t
forking and joining,




t. I

(_ Closé Order )

Fig. 2.14.10 Forking and joining
Activity Partitions or Swimlane
* Many times the activity diagram needs to partition in groups to represent the flow
of business processes.
* Each group represents the particular business flow belonging to some category.
Such a group is called swimlane,
* Graphically the swimlane is denoted by a vertical solid line.

EXI®A object Flow ;
* The objects may be involved in the activity diagram.
* These objects are associated with the control flow of the activity diagram. This is

called object flow.

* The state of the object is specified for each of these objects.

: Fullmg is a simple activity diagram in which the object flow is represented for
the objects of the classes Order and Invoice.
(See Fig, 2.14.11 on page 2 - 120)

"--._._‘_\_‘_‘_—\_
WLPMMTMS‘-H wp-anust for krowedge

MM

g
A

e R R
PICT A

i -5
a
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t,

Finance Customer Service Order Fulfiliment 1

1 _. -
(( Recsive Orcer )
o ; Order
[in progress)
[ Order Rejected |
[ OrderjAccepted ]
( Submit arder ) .-_"r/.-" ﬂ:::;
0 : Order
[rejected]
i Invoice
/ | [ unpaid }
flow "L (IH'H'IDR.E Ehip’:ﬁng Sﬂwlm)
( Accept Payment ) -
state -L
o Order
[fulifilled)
{_D"Eﬂﬂf:h El-rdur)

Fig. 2.14.11 Object flow
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4 Software
L

ﬂw to use Activity Diagrams?

.Tﬂ mtﬂel E'I.'E Wﬂ[kﬂnw

Performed,

e

° The actors collaborate with the

Gnmhu Shipping Eam)

in the activity diagram,
swimiang
e Order Fulfilment
(ﬁﬂﬂme ﬂn;lnr}__.
[ Order Rejected ]
[ Order
Accepted |

®

1 e Activity diagram can be used in two ways -

Fig. 2.14,12 Swimlane with an activity diagram

system and then wvarious activities are

e ereet for IV

= T F T

e RAEEF

L 5
el LT T L il 1|
-I.-"r'frh -"5_-.!'-|i1.-|-|n

NOATION

-
[ =

ue
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Object Oriented Software Engineening
o These activities depict the object flow.
o The activity diagrams can be used to model this work flow.

2. To model the operations
o In this case the activity diagram is used as a flowchart to mode] o

computations.
o These activity diagrams include branch, fork and join. Such activity diaﬁ"mm,
normally useful for design of the operations having parameters and local objec

rBE%] Examples on Activity Diagram
Draw activity diagram for issue of book in library information system.

Solution :

[not available]

[available]

Object with
the current
state

Fig. 2.14.13
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T

Examination registration system |

[Eligitle] ’ [Not eligible]

Fig. 2.14.14

‘\\H—__

e ——
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for stock maintenance systﬂﬂs\\cﬁ%

[Mot available]

(Awvailable)

Fig. 2.14.15



Valid card Invalid card

Fig. 2.14.16

w.ﬂ customer decides Lo upgrade her PC and purchase a DVD player. She begins
by calling the sales department of the PC vendor and they tell her to talk to customer
SUpport. She then calls customer support and they put her on hold while talking to

y 'E"Efﬂmriﬂg, Finally the customer support tells the customer about several supported DVD
ptions, T, customer chooses @ DVD and it is shipped by the mail department. The
Ustomer recefpes the DVD, installs it satisfactorily and then mails her payment to

- BCCounting.

%nm an activity diagram for this process. Lise swimlanes to show the various
':.'_ mh"mcﬁﬂﬂs

R

------ T - N - H‘Aﬂﬂ”ﬁw-mw WW

L S B LR



Fig. 2.14.17 Swimlane diagram

Example 2.14.6 | Prepare an activity diagram for awarding marks to
- student has attended 80 % classes, he is mmrde:i
attended more than g0 7o classes,

regular students. If the
MiRimum 5 marks, If the student has
nitum 10 marks. The students who have




I B
' W"‘“‘" Em%w
Mﬂﬂ :

( Read Altenda )
nce '
attended 80 O ! |
claszeg attended mare than 80 <% classes ;

R 1
‘§ minimum i
. Bmarks f

e

i B

ead Assignment )
@;ﬂmﬁm Record.
completed more than 50 % assignments completed 50 % assignments

(Eair:ulate Totad !l.-'l-arks)

!

Fig. 2.14.18

m A draw an activity diagram for a Passport Management System to get a new
Passport, an applicant has to apply on-line, get the appointment. He has to submit the
documents in passport office on the date of appointment. In case of insufficient or incorrect
documents, the applicant’s has to reapply and gel new appointment, After submission of
dﬂﬁtmmfsr appfj,ﬁﬁﬂj'g tﬂfﬂ:ﬁmﬁhﬁ is done by the Pﬂffﬂfr O Sﬂi‘ﬂE’SSﬁd Wriﬁmtfnn, passport
8 i8sued to the applicant. If verification is unsucessful, applicant has to reapply for passport.

e ._;wmr:l@_mlm-mmmmﬂ



S T Police Statiog
Fass B
..i.,pp’d-(:-ln!
(ntmh dun:unmﬂ
l Fills up the form l
Document
Submits form Verification and Form
validation
o T s,
appaintment
Incorrect documents
or
insufficiant data valid documents
Schaedule
for police
oot
{U&ﬁfy applir:ant]
i
successful verification

_ RSUrance to the ouners. Initially the

. ails and owner's details. This information i
. the information o VArious insurance companies. The
D’Wmmﬁm@‘ﬁagm wfthsw;'mﬂgfm selects the best policy and gives it to the owne"
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Agent

Insurance Comparies

Invalid

3| Validate Form |

Send form to insurance |

companias | -[ Analyse Proposals

Satisfiad

: Need more
with quotation improvement

nat satisfied

Quotation
[After analysiz]

Quatation -
; Sand Quotations
Analyse [before & ]
analysis] lo agent

[ Prepare Quotations

Fig. 2.14.20

w A coffee vending machine dispenses coffee to customers. Cmfmnm."; ardgj:i cqﬁee
by selecting e from a set of recipes. Customers pay for the coffee using m“fﬁc nge is
§tven bmf ﬁ;frﬁ;ﬁ to t;g mziumem The 'Service Assistant’ J'mdslmgmi.mnts *fcﬂﬁbe_
Poider, miik, sulgm:. water, chocolate) into the coffee machine. The Service .-?sszstanr adi;
"eCipe by indicating the name of the caffee; the unifs of coffee powder, milk, bﬂsﬂ? w;: y
demm"’ t6 be added as well as the cost of the coffee ;Mtﬁ Eﬁiﬁﬁfpiﬂiﬁﬂ ?Ma;ksm;}

lele 4 recipe, i) Devel case diagram for e S
Ij) oF mr;cﬁfm ::cemrjusﬂpd::;: :f:actiﬂﬂy ;_z'iﬂgfﬂ?ﬂ and sequence dlﬂimm. (5+5 Marks)
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Solution -

) The use case diagram is as given below -

Ordar Coffes

Systam

T

E‘ﬂh:-.' Atﬂ]h!

Dizplay messags
"Unavailabie




WWE@*’W

Fig.

Saquence diagram :
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[Customer Panp‘{ iControfler I

s Analysis and

2.14.23 Activity diagram for service assistant for adding the receipe

1: Selects Receipe|)

{Product Dispenser |

R o 4
a e B PR a i ™ i TR

PR ok

“l 2 : Product Details()

3 : Check Availability()

il
=

6 Insert Coin()

F 5 : Display|Cost()

T

7 : Amount Details()

9 : Raturn

Change()

8 : Check amount

against cost()

1110 : Product infunnatizﬁ]

j 4 : Receipe Available()

11 : Get Coffea)

Fig. 2.14.24 Customer getti

12 : Dispense Coffee()

ng coffee from vending machine

L
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Service ﬁanntl ICottes Mmﬂ Receipe

1 | Chack Availability of partcular Eﬂ:ﬂiplﬂ_é

a: get status()

4 : Display "Receips Unavadabie" () _{ s 3 : Recaipa not Available()

o

5: Loads ingradiants()

B : Mixing Ingradisnts])

7 : Preparing Receg,

8 | Coffea available)

Fig. 2.14.25 Service assistant loads the ingredient and prepare coffes

Review Question

1. Withan example, Explain the need for activity diagram, m |

State Chart Diagrams

Purpose : UML State machine diagram represents the events and states of object and
the behavior of object in reaction to an event,

The state chart diagram shows the life cycle of
to show each and every event in the state diagram.

Events, States and Transitions

AU : Dec.-11,13.14. May-11,14,19. Marks 16

the object. Sometimes it is not possible

Event : An event is significant Gccurrence of something,
For example : Customer inserts ATM card.

® States : A state is a condition of ubject at a particular moment of time. This time ®
mostly between the events.

For example :

1. Waiting for user to enter PIN 2 Auﬂ-lenﬁcaﬁng the User
Note that these states represent
something,

3. Dispensing Cash
that object is waiting for something or doi"
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fransition. W'l'ren Some event occurs the object moves or transits from one state to
another. This is represented by the transition,

For example : When the system Operator "
transition from Idle state to Active state occurs,

Example :

performs startup”(an event occurs) the

Fig. 2.15.1 State machine diagram for ATM system
EXEF] Applying State Machine Diagram

If the object responds to the same way to an event then that object is considered as
state-independent with respect to that event. For example - If an object receives the

message "Customer finished the transaction” or "Customer pressed the Cancel button” the

corresponding method will be Ejecting Card.

If objects respond differently to the events depending upon their states or mode then
Such objects are considered as state-dependant objects.

For example - For an "Insert Card" event the state will be "Reading Card" whereas
‘Enter PIN" event the state will be "Validating PIN"
Guideline about the state dependant and independent cbjects

| L. The state machines containing state dependant objects with complex behaviour is
| considered better than the state independent objects.

2 The business information systems have few complex state-dependant classes. On
the other hand the process control, device control and protocol control systems have
Many state dependant objects.

‘H—H-H_\_-""—-—._
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2. To model legal sequence of operations Of Janguage gpecifications.
A list of common objects used in state model diagram 18 -

1. Complex reactive objects
« The physical devices contro
dependant objects. For example
Machine.
» The transactio
Purchase can be state dependant objects.
« The Role mutator are the objects that change their role. For example Student.

agrams can be Cre

lled by the objects can be represented as the "
CardReader, Microwave Oven, Wagh

n or business objects such as Order, Invoice Managemg

2. Protocols
e The communication protocols such as TCP or UDP can be understood using

State machine model.
3. Legal sequences

e User Interface Controller or session such as web applications in which modif
web pages can be displayed to the user based on the current session.

e Navigation can be represented using the state machine model. The navigat
represents the transition of one web page to another or transition of windows.

. iﬂf rznzenmi h"ldhfidual Ul Window event handling the state transit
P ——

Use case i
I “PLETahnns can be represented using the state machine model F
example - Withdrawal of money, Validating user

More Notations

card. If 1
the inserted card is valid then only the req

is 3 Process of i
glowing. Reading card gets completed then the |  dicat?
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ndicator denotes the
ne Glow i transition action and the Valld Card denotes guard

ondlo

P F o - o

[Valid Card]

mrn

P g T R R B L F

Fig. 2.15.2

Nested states

The nested states are the states that occur within the one super state. For example in
the following state machine diagram, the Active state is a super state in which the sub
sates such as Display, Reading Card Validating PIN and so on are present. When the
Perform shutdown event occurs then the system is restored to the Idle state from the
Active state.

' ™

Validating

Validating

.I ~
Fig. 2.15.3

m Following is a simple state machine diagram representing one session with

0 5
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complete/Glow indicator

Wants ancther Transacfion

Select cancel

Fig. 2.15.4 State machine model

m:nmw stafe a‘mgram for the control of a telephone answering machine. The
machine detects an incoming call on the first ring and answers the call with q prerecorded
announcement. When the announcement is complete, the machine records the caller's
message. When the caller Wands up, the machine hangs up and shuts off. Place the following

dwﬂf Hnnnu"m’

Announcement
completes
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Mgdal a state transiti
i ‘on diagram for the following scenario
anﬂﬂw na microwave oven ;
n-r gen is initially in an iale state with door open, where the light is turned on.
" yihent door is closed it is now in idle but the light is turned off.

ﬂ"’ putton is pressed, then it moves to initial cooking stage, where the timer is set and
are on and heating starts,

, Abany mament the door may be opened, the cooking is interrupted, the timer is cleared
gnd heating StOps.

, Also while cooking, another button can be pushed and extended cooking state starts,
where the timer gets more minutes. At any moment door can be opened here also.

. Ifthe timer times out, then cooking is complete, heating stops, lights are off and if sounds
a beep.

« When the door is open, again the oven is in idle state with the door open.

Solution :
rm Owven Hlﬂhhf)

time event

afier (3 seconds)'send c.cook

Self transition - ij *_ Send Signal
evant frigger
with pnmrn&tar-\
L

Eet‘l'in'ra{t:u'[IaEuﬂnnFréﬂ] . \ door closed «— event trigger
EHI.‘I:J To Cook = Cooking
J bultonPressedturmONLight()

: action
door opened door closed
doaor open
alarm
tirned out
—
Completion
CookingComplets transition

Fig. 2.15.6
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[ Examplc 2154 Draw a state diagram for elevator.
Solution :

-

| 1

appropriateFioor / checkFloor

Moving

appropriateFloor / stop
Y

(=)

stopped / opendoor

norequest \_ request
ues

Fig. 2.15.7

m Prepare an object oriented digor: system
gram for the controller in a ho i |
i .
:dﬂm is J"Eﬁpmtﬁbfi’ for monitoring varioys Sensors around the peri E;W;";: houst.
m 4]

I'
Sulutlbn : Fig,
18. 2.15.8 represents the state diagram for home security
system.



entry / setAlamm
el [ clearflarm

entry | satdlarm
'-._E“ { clearAlarmn

Fig. 2.15.8 Home security system

WK R Draw a state diagram for a printer.

Solution : The printer has two explicit
Sales on and off. When it is on it

-uﬂ Push on button

Wdergoes through various substates
fh as Idle, Working, Low tray,
E[I'Pl'.'lr'tl'i]' and Full tray states. When
T‘ET is in off state it is triggered to
. %3t by pushing the button to on,

When printer is on then it can

OUght to off state by pushing the
" (Refer Fig, 2.15.9)

Push off button

Full tray

Losd Low
Lenw

ﬁ. tray ;

Fig. 2.15.9 State - machine for printer
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ﬂhﬂﬁﬂﬁﬂﬂm ich ﬁﬂﬁ p Fﬁ'spmy and two buttons, button 'A’ and E'!‘u

m“"’”ﬂ’d@m S i me’ mode and ‘set time' moge | *
of display, ‘display time k. In

display h!ﬂE : has two sub modes, set hours and set mmnfﬁ?- € . button sl
The set time mode has es in @ sequence : display time, set },,MSW

modes ime it {5 pressed, the mode advanc 1
. 4 cub modes, the B button advances the hours or minutes ongs ,,.

inutes. Within the e .
f.ﬂr is pressed. Buttons must be released before they can generate Pr%er
state diagram of the watch. ;

Solution :
~ Display time
—'{ doidisplay hrs & min

[ Set Hours Bladvance hour

' Set Minutes
[ dofdisplay hours D Bfadvance hour

' Fig. 2.15.10 Digital watch
Draw a state machine diagram for coffee vending machine.

o

Example 2.15.8

Ingerting coin
i
Power up EHE [mr'm right amount entered
Insufficient amount
1
{Salal:t for dispensing r:.nﬂ‘ﬂfJ
Press push button

o- (o —
Cup of coffee ' =

Fig. 2.15.11
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jagrams are used t
' i:t:tc:;ered behavior n: a?:::l? E[; cymamic aspects of System. That means the
nd of object is re i .
: Presented using state diagram. The
classes, mtﬂ:famﬁ" components and nodes can be represented in the state digrl‘l;m-
, The state diagram can be used in context of the

syste
diagrams can also be attached to the yge cases T L e

, The state diagrams can be used tg model reactive objects. The reactive or event
driven object is a kind of object whose behavior is characterized by the responses to
the events. The reactive object is typically idle until it gets some event. When it
receives some event that reactive object responds based on previous event.

e State diagram is used to model various states of the objects. These states can be the
stable states or the transitive states transiting due to event triggering,

» The state diagrams are used to model the actions that occur on each state change.

geview Questions

1 Write elaborately on UML state diagram and modeling.

2 Explain the state chart dingram with a suitable example. Also define its ::crmEunmts and use.

3 . Explain LUML state machine diagrams and modeling. AU : Dec.-13, May-14, Marks 16

4 What is the purpose of state chart diagram ? How to draw state chart ::r:'uimm ? F.'Efﬂfrt-

5. Write a short note on the state diagrams.

b Give the meaning of event, state and transition.
7. -State independent and state dependant objects.
j‘__f_‘rm to model state dependant objects 7

AU : May-19, Marks 3
ALl : May-11, Marks 2

ALl - May-16, Marks 8

215 Functional Modelling R :
* In function-oriented design, the design of software system is divided into various
interacting units.

* Bach unit then becomes a funct
Point of view,

ion. Thus system is designed from a functional

L Data flow models 2, Data dictionaries

\'\-—..\_____ L2

e amaaFmi n"'lTJ-D-NS'EI'

an up-ihust i knwdadge

TEY TS AT A {4
_“.-'Ir- '-a{-

A TN

B i T i AT R

r::-‘
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Y

design and Object orlented design

Function orlented design

Object oriented desigy ™

E;: ““-:Ei
s

The problem is decomposed into functions

and pm-:edurm

The problem is decomposed i nt;,;r;\
entities as objects. B

Functions can be reused and combined to

Obijects are self-contained Enﬁﬁeg-ﬂ-_l;?x\
contain data and behavior,

5
create more complex functionality. 200
3. In function oriented design, state In object unenteﬂ}:i:ﬁ:m Hate Informag,,
: information is centrally located and several  isshared among t objects.
E' functions on this centralized data are
. defined.
: . : i ect-oriented designs are easierto
4 Functional-oriented design can be difficult O ‘-‘-’515“5
to keep track of all the functions and how  manage as the design is decomposed iny,
L; they interact with each other, objects and modules.
| 5. Function-oriented design is associated with Dbject-oriented design is associated with
procedural programming like C. object oriented programming like C+, Jar;
6.  The function-oriented design does not The object-oriented design supports
support inheritance and polymorphism. inheritance and polymorphism.
7. The function oriented approach is simple to  Using this design approach bugs can be
design. easily located and corrected without
affecting the other module.
8.  Forexample - In railway reservation system For example - To design a railway

the major functions will be
get_personal_details(),reserve(),cancel(),
compute_fair()

reservation system various classes could
be-Class Passenger, the attributes are:
name, age, sex, source, destination and the
Operations are ;

get_personal_dataf), reserve(),cancel()
Class Ticket, the attributes are :
Ticket_ID, Source, destination, date,
fair_amount and operation is:

compute_fair() ! W
: "..‘.-.'E_'f'f -.:cz:,?‘!_.._

Review Question

1. Discuss the d

r' . _
fferenices between Db;grt—nrrmtgd and function-oriented design.

/‘
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- —— Regquiremeny i
. i ata Flow Diagram T2 08)ysle and Speciication
ctured system analysis i
e smjmm specifications and th

A al procedures,
# ,glated manual p

rEd Eﬂ&l ' . "
, The structul yHg: mapping of problem domain to flows and

msfunnatiﬂns.

, The system can be modeled using :

ALl . My, U8, 10,15 1718, 19 Iy
s El: technique in which the
€N into computer programs, ha

13.15.16,17, Marks 16
tem requirements are
rdware configurations

» Entity relationship diagram are used to represent the data model.
o Data flow diagram which is used to represent the functional model.

, Data Flow Diagram (DFD) represents the flow of information for any process or
ﬂﬁfm.

[iE] Rules for Designing DFD

1. No process can have only outputs or only inputs. The process must have both
outputs and inputs.

B O
8 ©

. . = Lk - H_-I
% The verb phrases in the problem description can be identified as processes in the

] A, between data stores
* There should not be a direct flow

flow should go through a process.

Fig. 2171

and external entity. This



Fig. 2.17.3

4. Data store labels should be noun phrases from problem description.
5. No data should move directly between external entities. The data flow should
through a process.

Sourca

Fig. 2.17.4
6. Generally source and sink labels are noun phrases,

7. Interactions between external entities is outside scope of the system and therefoe
not represented in DFD.

8. Data flow from process to a data store is for updation/insertion/deletion.

9. Data flow from data store to process is for retrieving or using the information.
10.Data flow labels are noun phrases from problem description.

Design DFD for library management system for level 0 DED and level 1 DFD

AU : Dec. 16, Marks?
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|
| oot e et s e
I ﬂ.ﬁtb}r gﬂ"j—“ﬂ '“L’- name. The student has to submit his ].ilz:ﬂxy_ﬁﬂ.l'ﬂ to the
| oo gometimes student may simply give topic and demand for a book (For example “just
r e € hook on dﬂfﬂ ﬂt!_“‘ftufﬂ"}- The library information system maintains list of authors, list
e - This system also keeps record of topics on which books are available
4 the system. This system maintains information about shelf pumber on which books are
ocated: Finally the list of demanded book should be displayed, on the console for ease of
gelection-
The first level of DFD can be
Solution :
in this DFD the whole system is represented with the help of inp;lt, processing and

nuiPut,'IhEmFuICﬂIle‘

) Student requests for a book hence Book request.
ii) To show identity of the student he/she has to submit his/her Library card, hence
Library card, The processing unit can be globally given as

| Lbrary information system

The system will produce following outputs-

i} The demanded book will be given to student. Hence Book will be the output.

ii) The library information system should display demanded book information which

can be used by customer while selecting the book.

I 00
w— Book request  _ [ P
ry ——
| Library card Information Demanded )" Display ot
' System boak Info ‘Book
Book
Fig. 2.17.5 Level 0 DFD (Context level DFD)
Level 1 DFD
In this level, the system is exposed with more processing details. The processes that
Meed to carried out are -
i) Delivery of book ii) Search by topic

rmation such as List of Authors, List of Titles, List

ese processes require certain info
g kind of information is

Y Topics, the book selves from which books can be located. Thi
"Presented by data store.

T it i OB .mmhw-ﬂ”ﬂf.ﬁ'ﬂﬂm
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—_—
Book selveg
-"'——_____--
-Book reguest

_—
Author (s) List of

| Library card Authors
Book Listof
Titles
demanded i
Book
List of topics i
Book raguest
(By topic) 1
Demanded
Book Boak
{Based on topic) [nfo
Fig. 2.17.6 Level 1 DFD
1'|1 z
I Book request _{
' Student Get
s i : Bl Book shelf
Shelf numbear
and book info/no.
List of
Authors
List of
Titles
List of

and student borrowed books,

nama

Demanded
boak

Fig' 2;1 T_T | [ —" I-.ll-_.
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Requirements Analysis and Specification
D use case g
Wf St ;_":::ﬂ“ﬂ“w diagrams for a restaurant system. The activities of
ihe rﬁrﬂm;ﬁ i isted below. Receive e customer food orders, produce the
customter ordered foods, serve the customer with their ordeted foods, collect payment from
customers, stare customer payment details, order

materials and pay for labor raw materials for food products, pa
raw i i

ALl D -1 Markse B Mau-15. Marks 16
Sﬂhum : A customer goes .l:l:l a restaurant and orders for the food. The food arder is noted

jovm carefully and this order is sent to kitchen for preparing the required food.

This restaurant has to manage one housekeeping department which maintains sold
qems and inventory data. The daily information about sold items and inventory

deplition amount is used to generate a management report. Finally this management
report i given to restaurant manager,

In this level, the system is designed globally with input and output. The input to Food
ordering systerm are -

1. As customer orders for the food. Hence food order is an input.

Level 0 DFD

\  Order served

Feod T I_I"_

Kitchen
o ﬂmﬂrﬂ Food ardar Ln-'-_-
[ Receipt system

Bill

mﬁ;‘gﬁnﬂm Restaurant

Manager

Fig. 2178 Level 0 DFD (Context level DFD)
The output to food ordering system are -
1) Receipt. |
2) The food order should be further given to kitchen for processing the order.

3) Bill and management report is given to restaurant manager.

By up-thrust for knowledge

R R AR T rﬂ'ﬂ""lﬂ-
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Level 1 DFD

Oirchars far Food arder : Kitchen I
foud Processing of
Payment an arder
Recaipt
P
3.0
Update
Im;:; d. inventory file

—_—

Farmattad = Irventary

inventory data database
4.0
Info. about daily sold items of managemert | Info. about daily inventory
and amount report depletion amount
Management Restaurant
report Manager

Fig. 2.17.9 Level 1 DFD

In this level, the bubble 0,0 js shown
1.0 is for Processing an order, And
activities involved in food ordering
be some information of daily sold

in more detail by various processes. The proces
processes 2.0, 3.0 and 4.0 are for housekeepins
system. To create a Management report there should
items. At the same time inventory data has “’Efe
ock’ items, Hence we have used two data stores in I

1. Database of sold items

2. Inventory database
Finally management report can be i i . daily
- Prepared using dail and
mventory deplition amount, This g daily sold details

Management PEport is given to restaurant manager
In this DFD we will elabortate "prDcEssing of order".



Payment

ts A

order | Kitchen

Food
order served

Served
order list

1.5

Receipt

Collect \ Payment
pa) t info

Fig. 2.17.10

T

sis and Specification

Accounts
database

e trustar oW

e

e b o 1



Obyject Oriented Soft I

e file "
The DFA for "update for inventory i
LT ouwytortene —
_ Status for items data
‘
List of
raw material
file
* Orderad
raw matarial
items and
Updated
_ list for
inven
g T
Fig. 217 11
Level 2 DFD
In this :
For EEI'IEI'HI:EE = Wil claboraty “Generate Managem
management rep, “it Teport” activity in more detd
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| Requirements Analysis and Specification
y " Accegs gald
info about daily sold items ( lems Inventory depletion |
and amount and - amourt E:m
and sold items
Inventory and
sold itams list
Compute the
total price
of each tem
Inventory and sold
iterns kst
k.
WT:;:;;M \ Management | Restaurant
vt report manager

Fig. 2.17.12 Level 3 DFD
P Prepare a DFD for a Books order processing system. 25

"H0n : The customers in this system are book sellers who do not make a stock of books. As
e Urders come the books are demanded from publishera dil'Ei:ﬂ_‘,?.
%:-s Per the problem description it is clear that the input to this system is ‘customer’

Places an order and output will be purchase order given to publisher.

Now, we will do more detailing for order processing when an order is received by the
% it will be first verified using the books database. Credit rating will be decided by
ﬂb'kmﬁ Customer details (i.e. whether the customer is regular customer or whether he is

L dminds = o
Ple 4

TECHNICAL PUBLICATIONS™ - an up-thrust for knowlsdge



mmmw
new). For submitting a
batch of orders we
have to maintain LSRR
well. There may be the

order for books which —

are  published by Flg. 2.17.13 Level 0 .
different publishers, in such a case database for differept Fublmhers need f,
maintained by the system. This list of purchase orders is maintained by the system, -
then after verifying the shipment a shipping note will be given to the customer, 1),
level 1 decomposition is as shown in Fig. 2.17.14.

Books Info.

Customers details

Fublishers

Fin o a9 aa .



o
f“’mﬁe ot get details of total copies per title,

: Then prepare purchase order accordingly
! sﬁndﬂ-lege pul*l:‘hﬁ;ﬁe orders to PuhliBhErs_

, These purchase order details shoulg be stored in

F"!'I'I:Iiﬂg. orders

Batch
of orders

Prepare purchase.

Purchase orders
—-——---_--—

orented SOME® =G 2. 153
can further decompose the syster, by and Specification

f .
O corresponding publishers,

the system. Let us draw level 2

T . T ol

e gl AN W
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NPERERY Design DFD for Hotel reservation system. _
I . 2 customer can make onlihe booking for a b, .

Sol i tem

Solution : [n a hotel reservation Systeitl, I
specifying the accomodation requirements such as type of room (AC/Non P_LCI One beg M
bed), total number of rooms, duration of stay. The system then selects a suitable hote] ., %

customer’s requirements. If such a hotel is found then the availability of rooms in that hﬂhelg

checked. The charges are calculated for I;hE selected requiremt:mt and these are a‘fh"ﬂ"‘dedm
to the customer. If the customer is satisfactory about the selection made by the system thent,

confirms the reservation.
The system then gives these booking details to the corresponding hotel. Design Dp

for this system.

oo :

\ Reservation
details Hotel

Booking
details

o reservation
. system

Chm‘gau

Fig. 217.16 Level 0 DFD

B . 1 RN e
details | Processing T details

s Sl
sy Gt O g b R
SRR . Tequest H
1‘:!:'-_'; 5 ] . 5 |" 311
it J08l nameg

il Room . time. Hotels details
chargu_s. availlable

Suitable it

Fig. 217.17 Level 1 pEp



Fig. 2.17.18 Level 2 DFD

SWPTTRY Tamil Nadu Electricity Board (TNEB) would like to automate its billing

process. Customers apply for a connection-( domestic/commercial). EB staff t.nik?s- readings and
update the system each customer is required to pay charges bi-monthly according to the mtas'
st for the type of connection. Customers can choose fo pay cither by cashfeard. A bill is
generated on payment. Monthly reports are provided to the EB Manager.

i) Give a name for the system. (Mark1) _ |
i) Draw the Leﬁi‘ -0 DFD (Context Fét;‘!ﬂ Diagram} (Mar ks 5) m
i) Drawy the Level - 1 DED. (Marks 1€
Ylation : j) Electricity Bill Management System
ii)

Apply for gonnachbon

oo e e ARG e N



Fig. 2.17.20 Level 1 DFD

E r_'-l |'r'|5'.'.|:: 2 . E' " ;-1.':";'-'-'. dat mﬂm-ﬁ,r burgmr uhm SyStm ﬂm%

Salation ‘—'] DFD

Security
system

Fig. 2.17.24 Context diagram

ez b




Fig. 2.17.22 Level 1DFD
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-

Fig. 2.17.23 ER diagram

Example 2.1..- Emwfhe lse case and dﬂtﬂ_ﬂmu di

B v R lagrams for a restqurant system. The
Aactivities of restaurant system are listed belon, - %

the customer ordered foods, serve the custome’
from customers, store customer payment
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part 1 : Use case diagram :

" Recsive food B
order

A and Specification
System
. Place food order
<<|nciude>> T
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X

Accounts database

i
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' Systam \h%

Check for ™

inventory
data

Order raw
material fo

A

Inventory manager

e

x

Inventory databse

3. Bm:k 'Cll' canm] ﬁ :
4. View stapyg

5. [035 out
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The use case diagram im

Fig. 2.17.24 Use case diagram

The level 0 and level 1 DFD can be as shown below —

Ticket info
m
Cinling
Railway
Rasarvation
Systam

Ticket / Reservation : |
info / status History of passengers/
Waiting info

Fig. 2.17.26 Level 0 DFD

1 ‘H“-“"‘-—-— —-—'_'_'_'__'._..::.1':_ - an i Ww‘w '




Fig. 2.17.2¢ Level 1 DFD



!EEWWEWHHEHW bivia -
M Consider an M i e

: ; ores. It g ind
payments, 4riggers delivery of the hooi, gy, P> MARGAIUIK orders, s

. Order books of the Major featyres of the system triclude -
o Lser friendly online shapping cart funciion |
. Create, ::rf'ew, modify and delete books to be sold
o To sfm.mﬂfntﬂ?y and sales informatipn in databas,
« To provide an efficient irtzrentary system E
Register for book payment options
« Request book delivery
Add a wish list
» Place request for books not available

.
a
=i
&
S
=
8
:
5
[
:
&
B
5
g
=
E
5
:

Internet access,

Analyse the system using the context diaeram and level 1 DE i
components of DED., a1 v D for the iﬂﬂﬂ- Lﬁ!‘mn the

Solution :
User 1D/ /—E!:J\ —
- Password Infarmation
hqm j Online Manager
Invoica Book Sales
Store Information
slatus

Fig. 2.17.27 Context level DFD

_ Refer Fig. 2.17.28 on next page.

Example 2 47 1 8 Consider the process quf;fﬂ'fﬂgﬂ pizz over the p}mne. Diratw the use case
disgram and also skeich the activity diagram representing e ste'p U{,I"I‘h!' pmmsﬁum _ t."w
Mament you pick up the phone to the point where you start R i
hat others need to perform. Add exception handling to the actioity diagrim You developed

. Consider gt fegst two exceptions (eg. detivery person wrote iawnmwmn Bdarecs Gty
Person brings wrong pizza).

Eﬁuﬁ“h: Use case diagram
REferFig, 2.17.29 on page 2 - 165,
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Usar
|DfPassward
| J
- 20
Viaw Books
Book Details
]
3.0 Details Crder Details
Order
Details and
Address Info
] 60
/400N 750 ™ agq Reguest
Register for | Payment " Book Manager
book Details infs \Delivery
Sales
Information, Sales
Order Information
) Details Status
Imvoice

Order Details

Dfdﬂr Details

Fig. 2.17.28 Level 1 ppp

inventory sales
information in

database

Sales
Information




| M

Enginesri o

o

Client

Fig. 2.17.29 Use case diagram for pizza
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Requirsments Analysls and Specification
M What is the purpose of DFD ? What are

. _ the components of DFD 7 bruct
BED for the JE;:;MT:RHE’T:? * An on-line shopping system furP;'ifg pr';f:.vfd'ﬁ wﬁ;’:”’fﬂ”
and benefits 10 ORI and Stafls. Currently, XYZ staffs manually handie the
- rchasing information with the t-!ﬂf of basic office software, such as Microsoft Offices Word
o Excel. It may results in having mistakes easily and the process is very inconvenient,
YYZ needs an online shopping system has five key features :

i) to provide the user friendly online shopping cart finction to members to replace hardcopy
grdering form ;

i) to store inventory and sales information in database to reduce the human mistakes,
jncrease accuracy and enhance the flexibility of information processing ; '

&0} to provide an efficient inventory system which can help the XYZ staffs to gain enough
information to update the inventory ;

in) to be able to print invoices to members and print a set of summary reports for XYZ's

internal usage ; ‘
o) to design the system that is easy to maintain and upgrade. m
solution : Level 0 DFD

]
Ringuest Faquaest
Onlire Shopping
, Adrrin Systam For XYZ Limar
Raspanse Rasponss
Flg. 2.17.31
Level 1 DFD
Chack
Boquest 7 10 ™ for lagin dat
Lagging
Adrmin databesn
v BTy
dambase
Ondiar
dambass
A 740, Insert data
t U erdarf paymans
Raquast fof (669 A irankary database view
Foposts splay data
Disglay epot
' Fig. 2.17.32

el T e —— T A R LT T . T b a ! s
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=

wmww

Level 2 DFD : For manage order

Check
Request £~ 9.1 forloggingdata
i i Sl . Logging
) - anﬂhilh Database
% 2ok Ly Vi Hq“ﬂm _ ] Luﬂiﬂﬂ Info. LT

Order
Database
Crder
c;?:;“- : Database
- ~ J acknowledge
Order
£ 3.4 ™ cancellation
i : Order
‘3“”“';,'- L Databass
: ki acknowledge
_ Dispatching
i
E'iﬂ: ateh ¥ Order
| Ordar.. 4 Database
acknowledge

Fig. 2.17.33



Change Inventory
Pﬁm!(}uan.w database
status
Remaving
data
—  Inventory
Remaove database
Iterm Updated
status
Fig. 2.17.34
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2-1 Mﬁ\

ltem name

Inventory
Database
A cknowledgemeént
User name/
g Usar
Database
Logging data_r
\ Logging
Logging in |, Database
i Logging status
Enter tems
Inventory
Select ltems Database
' Acknowledgemant
View and
confirm
" Order
Databaze
l'ﬂ'-ﬂh'lﬁmadgarn&nt
Payment
Database




Solution :

equirements are as follows : The CVM

ates (1
F10 and 3) a Small Chocolgtes (SC) at &5, © et ¥15,2) Large Chocolates (LC) gt

CVM gives the proper change after the Pmn‘:;fe ?mdm‘g machine only. deals in coins. The
. seiection is made. Th
amount deposited by the customer ] - The CVM must check the
The CVM mmninsb?ﬂe u ':1: omer. The vending machine operates i the following Way. (A)
selection button i ML @ customer or owner begins to interact with the machine. When
a 15 pressed the VCM indicates the required amount ( 15/, 10/, T5). (B)

If the full amount needed has been deposited then dispense the proper chocolate and display :

Thark You! (C) If an insufficient amount (possibly zero) has been deposited then display :
rematning amount needed. (D) If an over amount has been devos i

proper candy and change arid display :  Thank You!

Selactks
chocolate

Customer

Chacolate

Selects
R type Chocolate types
: ] of ehocolate o
| .
Makes
payment Payment
Change
L Chocolate
Chocolate \D@: availability
Chocolate
Level 1 DFD

Cﬁhﬂ_ Emﬂtm:ﬂ_ﬂm”’;@'
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Object Oriented Software Engineering
Entities in the system are .
1) Customer
2) CVM
3) Chocolate
4) Menu

- Chocolate




-:t'::l 4 : 3 £ u
spructured analysis the process ;h blect oriented analysis

g SUEEE : e In object
 porately treated. mmﬂl oriented analysis the process(methods)
e . ——— T Cala are encapsulated in
— Bt st getting dwﬂﬂpm & v P8 the form of object.
s i & '. = m ari
aructured analysis are DFD, ER diagram ang obj o models that are getting developed in
L ionary. ect .ﬂnented analysis are class diagram, use
[ dictior 1 ‘:“5'5" diagram, activity diagram and deployment
i d ; dMFEm'
; ko Ces1gTL.
Simpler B Modular systems can be developed using this
L kind of analysis,
jis not suitable for large and WIF'FIE"_"PWI‘ECEr . For large and complex system object oriented
g oo el e i e T - . approach is more suitable,

Daview Question

L. Describe primary differences between structured analysis and object oriented analysis.

Al : May 08, Marks 6

B3] Two Marks Questions with Answers

Q.1 Write distinct steps in requirement engineering process. AU : IT, May-06
Ans. : The distinct steps in requirement engineering process are
1. Requirements elicitation.
2. Requirements analysis.
3. Requirements validation.
"4 Requirements management.

0.2 Why SRS must be traceable? What is traceabillty requirement 7 ‘ e

Ans, : There may be chances of having new reqpiremenfs durm{g dE‘n?E::pﬂI::?:“s ':u s

s Tty i concmed Wit ST i it

*nd the system design. Thus change in reqt ifﬂ'““‘-’“tl'f' mﬂmgfad " el
The traceability requirement 5 the relationship between depeiy requi

a software 7

AU : IT, May-03, May-05, Dec.-1°
23 What are non-functional requirements hr_ ies and constraints. Various
™. : The non-functional requirements define s}fﬁ*:nllf’“ﬁm'?': “‘:tﬂﬁ rage requirements, and

d ou

repr%taﬂuns.

'\--.,_______-_‘_-___ _-_-______________———-—'_'_-_
g o

TECHNICAL PUBLICA ?
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)

bility study 7 . ¥
hether the proposed system is worthwhile or 5,

Q.4 What is the outcome of feasi
results obtained from following questions .

Ans. : The feasibility study .:lecidf;-s W
The outcome of feasibility study is the i
1. Whether system contributes t0 organizatio bjecti

Whether the system can be engineered? Is it within the budget ?

1 I - . L] a -?
3. Whether the system can be integrated with other exlsfmg system 7

After performing the feasibility study a feasibility study report 1s prepared.

Q.5 Differentiate data flow diagram and state transition diagram.

/

State transition diagram

N tﬂﬂﬂn State transition diagram is a graphi
nformation flew and the representation for representing the behavigy

|

transforms that are applied as data move from  of a system by depicting its states and g,
inputtooutpat. - avents that cause the system to change state
The data flow diagram is a collection of The state transition diagram is a collechion o |
process, data store, flow of data (transitions) states and events.

_andexlarmimﬁl:}‘- L AR TR o et e

The data flow diagrams mm&diﬂmprﬁmr The state I:t:ansiﬁcrn diagrams are typically
the system at uylwdnfﬁahucum and the drawn at single level, They are intended b
 ncreasing levels are used fo expose more and  expose the overall behaviour of the system.

g bl
PR ey L

Q.6 Why it is so difficult to gain a clear understanding of what customer wants 7

OR  Write a note on what are the difficulties in alit:itatlnn, requirement elicitation.

(AU : May. 17, Mars3

OR i i
Requirements analysis is unquestionably the Most communication intensive step in the

software engineering process, Wh
, Y does the Communication path frﬂtruﬂ“‘h’_hmu

able to specify the Scope of the project. Sometime?
- d this may increase




3. As project progresses the neaq
creates a problem of volatlity, § OF requiremen;g of the

a7 identify ambiguities and omissjong in the fu

ne
you ask to clarify these functiona) tional requirements. what questions would

réquirements 9

1. Is the requirement Specification clear 7 Can it be mi

sinterpreted
2. What are the sources of rpreted ?

requirements ? Is the final requi st
per the ﬂﬁginal source ? quiremen Spt'ﬂf]l:aﬂ-nn as

3. Is there any requirement violation for domain constructs ?

4. What are the other related requirements of the current requirement ? And are
they cross verified ?

5. For tracing the requirement is there any system model 7

6. Is the requirement testable ?

7. Has an index specification created for the requirements 7

8. Is the requirement satisfying the system objective.

Q.8 List out requirements engineering.
Ans. : Various activities in requirement engineering are -
1. Requirements elicitation 2. Requirements analysis

3. Requirements validation 4. Requirements management

Q.9 Define functional and non functional requirements. (Refer sections 22.1and 2.2.2)

T
-k

which the two non funchonal

Q.10 Give two examples of non functional requirements.
Ans, : Consider the Library Management System for
mqu“e;“i‘:: :;i[;ﬂ wishes to read the article on-line must be authenticated first.

7. The article must be displayed within 5 seconds.

21 What s tre need for feas DI gl whether or not the proposed system is

; . 4 to decide
Ans. : The feasibility study IS 1"3‘:11'““"“d
Worthwhile to implement. A0 :Dee. 15)
012 Define feasbity study and IS VP e 1o decide whether or not the
o sas
Ans. : Definition': A feasibility study
Proposed system is worthwhile.

S —— /// i ,WW
e ¥ T Wﬂiﬂﬂwﬁ' o

P N
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Types : 1) Technical feasibility 2) Economic feaﬂiblht}t
3) Schedule feasibility 4) Operational feasibility
Q.13 List the characteristics of good SRS. %
Ans. : 1) SRS must be correct. 2) SRS must be unambiguous.

3) SRS must be complete.  4) SRS must be consistent.

5) SRS must be traceable.
Q.14 Classify the following as functional / non functional requirements for h.unking System,

a) Verifying back balance
b) Withdrawing money from bank
c) Completion of transactions in less than one second.

d) Extending the system by providing more tellers for customers. m
Ans. : a) Functional requirement b) Functional requirement
c) Nmﬁ.mcﬁunq] requirement  d) Non-functional requirement.
Q.15 What is the purpose of petrinet 7

OR Define a petrinet.
Ans. : Petrinets are rigorously used to define
: the sys
st e System. There are three types df
fl’lm:Repmaem possible states of the system.
1i) Transitions : Causes the change in the states,

goals and objecti femm
. For example - Handlin Jectives of the sys
& Mouse and keyboard events fof
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\—---_*\____1_______ Rodursmonts Anayss and Spocitcatn

F’,:

Onling Bh“FPIﬂg

| /# g Registration

A

Cu m\h Make Payment
through Paypal

Fig. 2.18.1
{18 Define Quality Function Development (QDF).

Bl Dwec.-17
Ans. : Quality function deployment is a quality management technique which translates the
astomer needs and wants into technical requirements. This technigue was introduced in

Japan.
Q.19 Draw the context flow graph of a ATM automation system. [ AU - Dec.-17)
Ans. :
‘Customer I'hjrf-";d w‘aunt ia,sy ‘Cash Dispensor
ATM System
. "
Card \F’”_"\"; S
——— ,// Printout Dispensor
Fig. 2.18.2
two advantages of using
Ang_ .

It Specifies the pm:iﬁ,é definition of prublem
lttepresents the graphical workflow e
Ehﬁ does data flow diagram help In design of goftware sys m

, informaton
P'F"’.emmn:: data flow models are used 0 mﬂdlfl t::e it 6
of DEFD into greater levels ReF
"‘Fﬂsiﬁun_
\\x _____________.________-—-—-_________-_;.'_.'___-—-—-—
' i krawledge
\_ TECHNICAL PUBLICA oSS - an up-thrust or

and function domain.
perform functional

s B EEE T 4 P
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Object Orlented Softwane Enginsening
Q.22 Differentiate : Functional and Non-functional req uirements. (Refer section EE;}\\\

—~

Q.23 Name any two requirements of elicitation techniques. _ %
Ans. :

1) Use cases : Developing use cases or user stories to describe specific ir-twe.-r.zu:ﬁ,],mm_“I
scenarios involving the software. This technique helps capture f“ﬂtﬁurm
requirements from a user's perspective.

2) Questioning : Continuous asking questions to and seeking clarification from
stakeholders during requirements discussions to ensure understanding of the
requirements

Q-24 Mention the steps involved in requirements elicitation and analysis. m

Ans. : The steps are as follows -
1) Requirement discovery
2) Requirements classification and discovery
3) Requirements prioritisation
4) Requirement documentation

aad
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——%
ms-uﬂlllrl Design |

Software design is model of software which translates the requirements into oy
software product in which the details about software data structures, archj

-
interfaces and components that are necessary to implement the system are givep, ,

EEE] Designing within the Context of Software Engineering

* Software design is a vital activity during the process of software develgpy,
is carried out irrespective of any process model used.

* During software engineering process, the first task is to identify and analyz,
requirements. Based on this analysis the software design is developed, 1,
design serves as a basis for code generation and testing. Hence software design
an intermediate process which translates the analysis model into design mode|

The four types of elements of analysis model are scenario based elements, da
based elements, behavioral elements, and flow oriented elements.

L

During the scenario based analysis various models such as use case diagram

activity diagrams or swimlane diagrams are created, During the class bas
analysis the class diagrams are created. Durin

flow diagrams are created. Behavioral anal
and sequence diagrams.

The class based elements of analysis model are yse
The flow oriented elements and cl

g flow oriented analysis the Dis
ysis can be done using state diagrr:

d to create class diagrams.
ass based elements are used to cref

Mapping of analysis to design model
P —




, The class based elirments, flow orj

ented g
to create component leve] dgsign n‘?*ﬂﬁ and behavioral elements are
elements of software architect o into : uja?ﬂlg" transforms the structural
description of software module.

(Refer Fig. 3.1.1). Proced

the finished software product,

« Without software design, it is difficult to test fhe software product. Not only thi
i . 4 15,
but for making a small change in the software - it js the software design thich

helps us to make the necessary changes without disturbing other part of the

ED‘HIQ“ Process ALl : May-05, Marks B

+ Software design is an iterative process using which the user requirements can be
translated into the software product.

« At the initial stage of the software is represented as an abstract view. During the
sub-sequent iterations data, functional and behavioral requirements are traced in
detail. That means at each iteration the refinement is made to obtain lower level

details of the software product. '

Characteristics of Good Design _ r
l. The good design should implement all the requirements specified by the
customer. Even if there are some implicit requirements of the software product

should also be implemented by the software design.

th irement
en those requirements the software can be understood

L The design should be simple enough so that
easily by the developers, testers and customers.

I 1 lete
1 The design should be e That means it should provide comple

Picture of the software.
Sy
Guideling ; ; lity software. In order to
The roduce high quaiity s
Eoal desien is to P teria that need to
E”ﬂl'llat.g E[ua]?f ey Eﬂm‘rﬂr&hﬂe Sf'[t;lljd be sOME predff'med rl..l]E';r ﬂl;a c::erist:'cs i good
% ygat 4 ty of ;ﬂftwa; t oduct, Such criteria serve as cha
ey assess the software pr :
®L The quality guidelines are as follows - ¢ following jssues -

; sin
1, T}EdEﬁignarchitecturE should be created U

* The design should be created using ard
e I

hitectural atyles and patterns.

it = B U T T I
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3-4 - gm,,__\_\ .mﬂ% '
Each component of design should posses good design-characteristics, g
L ]
i i design
« The implementation of .
i tation.
formed at each phase of implemen
2, me design the data, architecture, interfaces and components should be %&'I

i represented.
3. The design should be modular.
be logically partitioned.
4 The data structure should be appropriately chos

problem. | |
5. The components should be used in the design so that functional lﬂdﬂpmdm

can be achieved in the design.

6. Using the information obtained in software requirement analysis the desig
should be created.

7. The interfaces in the design should be such that the complexity between te

connected components of the system gets reduced. Similarly interface of th
system with external interface should be simplified one.

should be evolutionary, so that testing -

That means the subsystems in the design "

en for the dESig:n of Spﬁj-&

8. Every design of the software system should convey its meaning appropriately
and effectively.

Quality Attributes(FURPS Model)

The design quality attributes popularly known as FURPS (Functionality, Usability
Reliability, Performance and Supportability) is a set of criteria developed by Hewlett and
Packard. Following table represents meaning of each quality attribute I

"]

Meaning ' /J

' Functionality can be checked b i features
5 ujabi;:ciu of the functions. The mh‘aﬁﬁ; l:-:E;Esfm[ and 4 5
S not w only for particular set of inputs. Similar securit
o should be considered while designing ﬂnil;lmcﬁm g
e 'TlhlE EeT]
usability can be assessed by knowing the usefulness of the systefm:

' s R.E ! !
. liability is a measure of frequency and severity of failure. REmem

fe ol
; ;E-:r ]::i::jlreﬂltebmﬂ?:? an:'i repeatability of the measures. The Mea"
. Performance and I'Eﬁd:ﬂTt; i widely used to measure the




Software Design

It is a measure that re
presents the res
ponse of ﬁlﬂﬂ}rﬂml

Measuring the performa
NCE  mea .
Il Es, mPﬂHEEﬁlrbeandg;E:iEﬁ:;ﬂu ring the processing speed,

It is also call e
o called maintainability, It is the ability to adopt the enhancement or

changes made in the softw
. given sl I are. It also means the ability to withstand in 2

AL : May-06,08,16,19, Dec.-05,17.22. Marks 16

_.--""""_-_-_-_-_ :
" The software design concept provides a framework for implementing the righEI
tware.

e
tollowing are certain issues that are considered while designing the software -

+ Abstraction « Information hiding
o Modularity « Functional independence
# Architecture » Refactoring
¢ Refinement s Design classes
« Pattern
mahsh'a;ﬁun

The abstraction means an ability to COP€ up with the complexity. Spftware design
bours at different levels of abstraction. At each stage of software design process levels of
Btractions should be applied to refine the software solution. At the higher level of
“staction, the solution should be stated in proad terms and in the lower level more
taileq description of the solution is given.

‘lﬂa“me moving through different levels of
ihﬁtrﬂﬂ‘ﬁﬂn PRIETORN: o, |

sbstraction the procedural abstraction and

instructions in the specific

d sequence of
its imp]emeﬂ.tnﬁnn

dure is menrlc:ned by
rd is 2 pm:edural abs
me, compare gach nam

MLE:MM“M abstraction gives the name
eta a:h?t means the functionality of Pro
% hidden. For example ; Search the reco

tation details are hidden(i.e. ENter the na

e M//mm/,’l

'l TECHNICAL Fuwmﬁmsﬂ - an

traction in which
e of the record

0

)

=
PN T

“LAnY

1"'_":..?..'I-I||p "| I-r-.
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—OErS Doy,

against the entered one, if a match is found then declare success [! Other Wise decly,
'name not found')

In data abstraction the collection of data objects is represented. For example fo,
procedure search the data abstraction will be record. The record consists

of Variny,
attributes such as record ID, name, address and desi gnation.
Modularity
* The software is divided into separately named and addressable components that
called as modules.
[ ]

Monolithic software is hard to grasp for the software engineer, hence it has Mo
become a trend to divide the software into number of products. But there is 3 ¢,
relation between the number of modules and overall cost of the saftware product
Following argument supports this idea -

"Suppose there are two problems A and B with varying complexity. If the complexity
of problem A is greater than the complexity of the problem B then obviously the efforts
required for solving the problem A is greater than that of problem B. That also means the
time required by the problem A to get solved is more than that of problem B."

The overall complexity of two problems when they are combined is greater than the
sum of complexity of the problems when considered individually. This leads to divide
and conquer strategy (according to divide and conquer strategy the problem is divided
into smaller subproblems and then the solution to these subproblems is obtained). Thus
dividing the software problem into manageable number of pieces leads to the concept of
mndularitjr. It is possible to conclude that if we subdivide the software indeﬁ]ﬁtely then

effort required to develop each software component w

ill become very small. But this
conclusion is invalid because the total

number of modules get increased the efforts

Todal Em‘ﬁﬂl’ﬂ ..
(s 1] ."l‘j: 2

lﬁ F.

P —%—

E o

7]

Reglon of under - ior i
modul over-modularity & o
‘w u | E._.,l,.ﬁ.. 'Fr-.u i -r._"'l o
number of
modules

Fig. 3.3.1 Modularity and software cost

TECHNICAL PUBLICATIONS™ - an up-thrust for knowledge




MMEWW 3.7 Design

required for developing each module also gets increased. That means the cost associated
with each effort gets increased. The effort(cost)required  for integration these modules
will also get increased. The total cost required to develop such software product is shown
in Fig. 3.3.1.

The Fig. 3.3.1 provides useful guideline for the modularity and that is -
gvermodularity or the undermodularity while developing the software product must
be avoided. We should modularize the software but the modularity must remain near the
region denoted by M

¢ Modularization should be such that the development can be planned easily,
software increments can be defined and delivered, changes can be more easily
accommodated and long term maintenance can be carried out effectively.

¢ Meyer defines five criteria that enable us to evaluate a design method with
respect to its ability to define an effective modular system :

* Modular decomposability : A design method provides a systematic mechanism
tor decomposing the problem into sub-problems. This reduces the complexity of
the problem and the modularity can be achieved.

* Modular composability : A design method enables existing design components to
be assembled into a new system.

* Modular understandability : A module can be understood as a standalone unit. Tt
will be easier to build and easier to change.

* Modular continuity : Small changes to the system requirements result in changes
to individual modules, rather than system-wide changes.

* Modular protection : An aberrant condition occurs within a module and its effects
are constrained within the module.

¢ Importance:

* Due to modularity, each task forms a separate, distinct program module. At
implementation time each module and its inputs and outputs are well-defined:
there is no confusion in the intended interface with other system modules.

* The testing of modules and their integrity with other modules can be tested
independently.

* Some modules may be defined by standard procedures which are used and

reused in different programs or parts of the same program.
* Large projects containing modules become easier to monitor and control.
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Architecture ;
. an integrat
Architecture means representation of overall structure © grated systep, I

: tructure is ;
architecture various components interact and the data of the stru 1 used by‘vﬂn%
system elements. Architecture provide, e

components. These components are called P
hasic framework for the software system so that important framework activities ¢y, be
conducted in systematic manner.

In architectural design various system models can be used and
| Modet Functioning

I Ny |
"ﬂm:-tuml mﬂi -~ Owerall architecture of the system can be represented using this model

: Framework model This model shows the architectural framework and corresponding
. applicability.

Dynamic model =~ This model shows the reflection of changes on the system due to external
f events.,

Process model The sequence of processes and meirhmﬁuningisrepre&mtedm&ﬁsmudd_-
Functional model  The functional hierarchy occurring in the system is represented by this model

these are

Refinement

* Refinement is actually a process of elaboration.

* Stepwise refinement is a top-down design strategy proposed by Niklaus WIRTH.
* The architecture of a program is developed by successively refining levels of
procedural detail.

* The process of program refinement is analogous to the process of refinement and
partitioning that is used during requirements analysis.

* Abstraction and refinement are complementary concepts. The major difference &
that - in the abstraction low-level details are sy
designer to elaborate low-level details,

Pattern

According to Brad Appleton the design
nugget(something valuable) of insight which
recurring problem within a certain context.

ppressed. Refinement helps th

pattern can be defined as - It is a ﬂﬂ“wd
conveys the essence of proven solution e

acts as a design solution for a particular Fmﬂﬂj

OCcurring i ifi i i '
& In spedific domain, Using design pattern designer can determine whether-

* Pattern can be reusable,

i
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Pattern can be used for current work.
Pattern can be used to solve similar kind of problem with different functionality.

Software Design

Information Hiding

information hiding is one of the important property of effective modular design. The
term information hiding means the modules are designed in such a way that information
contained in one module cannot be accessible to the other module (the module which
does not require this information). Due to information hiding only limited amount of
information can be passed to other module or to any local data structure used by other
module.

The advantage of information hiding is basically in testing and maintenance. Due to
information hiding some data and procedures of one module can be hidden from another
module. This ultimately avoids introduction of errors module from one module to
another. Similarly one can make changes in the desired module without affecting the
other module.

Functional Independence

s The functional independence can be achieved by developing the functional
modules with single-minded approach.

» By using functional independence functions may be compartmentalized and
interfaces are simplified.

+ Independent modules are easier to maintain with reduced error propagation.

s Functional independence is a key to good design and design is the key to software
quality.

* The major benefit of functional independence is in achieving effective modularity.

s The functional independence is assessed using two qualitative criteria - Cohesion
and coupling.

EERR] cohesion

* With the help of cohesion the information hiding can be done.

* A cohesive module performs only “one task” in software procedure with little
interackion with other modules. In other words cohesive module performs only
one thing,

. * Different types of cohesion are :
1. Coincidentally cohesive - The modules in which the set of tasks are related
with each other loosely then such modules are called coincidentally cohesive.
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e that performs the tasks that g, L
' 15'11{.*.;,1]:II
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- odul
2. Logically cohesive - A m .
related with each other is called logically cohesive.

3. Temporal cohesion - The module in which thE‘ tasks need to be execy
some specific time span is called tem poral cohesive.

4. Procedural cohesion - When processing elements of a module ape el
with one another and must be executed in some specific order the, :

module is called procedural cohesive.
5. Communicational cohesion - When the processing elements of 3 Mody,

share the data then such module is communicational cohesive.

® The goal is to achieve high cohesion for modules in the system.

‘e,

1y Coupling
* Coupling effectively represents how the modules can be “connected” with other

module or with the outside world.
* Coupling is a measure of interconnection among modules in a program structure
® Coupling depends on the interface complexity between modules.
® The goal is to strive for lowest possible coupling among modules in softwr
design. _
® The property of good coupling is that it should reduce or avoid change impad

and ripple effects, It should alsn reduce the cost in program changes, testing and
maintenance.

* Various types of coupling are

Coupling

i L".m_lpling represents how
. 4 modules m_cunn:cted with other
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ﬁ goal ﬂf.mup]jng is ,ﬂm____r___ ___ Software Design
lowest coupling, Enhe;%z:, of cohesion ig o o i
._',.I—"_?ﬂt‘i.ﬂus t}rFEE Df fﬂup]inES are -

: Vario
Data coupling, Control coupling, 115 types of cohesion are -

: Colncidental  cohesi : echat
.:cuimll?nf: coupling  and Content Temporal cmﬁimﬂ;ﬂQLﬁm%im ,?s
E ' Communicational cohesion.
—"
m Refactoring

Refactoring is necessary for simplifying the design without changing the function or
pehaviour. Fowler has defined refactoring as "the process of changing a software system
o such a way that the external behaviour of the design do not get changed, however the
internal structure gets improved”.

Benefits of refactoring are -
» The redundancy can be achieved.

Inefficient algorithms can be eliminated or can be replaced by efficient one.

*» Poorly constructed or inaccurate data structures can be removed or replaced.

» Other design failures can be rectified.

The decision of refactoring particular component is taken by the designer of the
software system.

m Design Classes
Design classes are defined as the classes that describe some elements of problem

domain, focus on various aspects of problem from user's point of view.
The goal of design classes is
L To refine the analysis classes by
implementation can be done easily.
2 To create new set of classes for implementing

There are five different types of design classes

ﬁﬁ_hﬁ

3,32 Types of design classes

providing the detail design, so that further

the infrastructure of the software.

Fig:

i e

P P How T T LI By Sy e Py P Sy e T T
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1. User Interface Class

The user interface class defines all the abstractions that are necessary f, H
Computer Interface(HCI). The user interface classes is basically a visual “Frﬂfﬂhﬁm“
the HCI,

2. Business Domain Class

Business domain classes are the refinement of analysis classes. These classes idEnIif:l,

the attributes and services that are needed to implement some elements of b“ﬂ-‘leu
domain.

3. Process Class
Process class implement lower level business abstractions used by the busine

domain,

4. Persistent Class

These classes represent the data store such as databases which will be retained as it i
even after the execution of the software.

5. System Class

These classes are responsible for softw

are management and control functions that are
used for system operation.

Each class must be well formed desi
well formed design classes -

* Complete and Efficient

A design class must be properly encapsulated
methods. Design class must ‘contain all
intent of the class, -

gn class. Following are some characteristics of

with corresponding attributes and
those methods that are sufficient to achieve the

Methods associated with one particul
class should not provide another way to i

- H-igl'l. Cuhesitm

ar class must perform unique service and th®
mplement the same servica.
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HE'.I' e Ques tions

r‘ﬁfﬁf ribe decomposition levels of abstraction and modularity concepts in software design.

3, Explain about the various design concepts considered during design.

ALl - May-06, Marks Marks 1.3

1. Dee.-17,

3. ‘Describe J_'FIE concepls of cohesion and coupling. State difference between cohesion and co
with a switable example. AU : May-08,13, Dec.-22, Marks 14

4. What is modularity ? State its importance and explain coupling and cohesion.

5. List and explain any five fundamental software design concepts.

AU : Dec.-15, May-19, Marks 8
—— Pattern name

Design Patterns

Inﬂem is general ":i;.*j.lsablgr solution to Design pattern ——

m nfdﬁ]gn pattern : Design L et
‘commonly  occurring problem within 2 = alupon
;gwlm mplEKi' in software design. : | Consequence

Fig. 3.4.1

In general the pattern has four essential elements -
e : The pattern name is used as handle to describe the design pattern. The
naming of the pattern increases the design vocabulary. Due to the name of the pattern it
becomes easy to think about the design and to communicate the design with the others.
Finding the appropriate name for the design pattern is one of the hardest and tricky part.
Problem : The problem describes when to apply the pattern. It explains the problem
and its context. It might describe various things such as algorithm for the problem, the
class or the object structure of the problem or it can list down the conditions that must be
followed before applying the pattern.
Solution : The solution describes the elements of the design, their relationships,

llaborations. The solution never describes the concrete design or

responsibilities and co
the implementation because the pattern is like templates and it can be applied to various

problems in varied situations.
Consequence : The consequences

pattern. The consequences for software 0
The listing of consequences helps in evaluation of the design pattern.

Fattern nam

describe the results and trade-offs of applying
ften concerned with space and time trade-offs.

TECHNICAL PUBLICATIONS® - an up-thrust for knowledge
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Generally the design pattern is divided into three categories - creationa] Fﬂttam;
structural pattern and behavioral pattern.

Design pattem ,

L i L I

Creational design Structural design Behavioral design
pattarn pattern pattern !

) Fig. 3.4.2 Categories of design pattern
State the role and patterns while Hﬁ:f!'ﬂpr'ng system design.

AU : Dec..15, Marks § |

Solution :

Sr.No Pattern S Role

1. Creator . The role of creator pattern is to find creator that needs to be connected
to the created object in any event.

2 Information expert This pattern assigns the respﬁnsibiiiﬁes to various objects that am
participating in the system design,

3. Singleton This patern ensures that a class has only one instance and provides|
global point of access to it.

4+ Factory method Itis responsible for crealing the instances of several derived classes.

5.+ Bridge . The role of this patterm is to separate out the interface from|
implementation without using inheritance.

b. Adapter “The role of this pattern is tu.iﬂIl:rw the in ish o |

. The role of this pa terface of existing class 10 be

used from another interface, i

| “The mleufﬂﬁapaﬂﬂnistudeﬁneﬂwﬁr&bﬂMtﬁéﬁm
when one object's state changes, all depurﬂaum are

automatically.

The role of this pattemn is to define the family of
. encapsulate these ﬂ]m}m L h‘[x“‘” N
- il‘ltel'&ﬁngeahle tthin class

g e,
' v . . e
. i, g Bt L TR e
e e L Foo el s L

Creational Pattern

Creational design pattern are the
mechanism. This type of

The creational patterns show how to make the software design flexible.
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e

!’I There are five well known design patterns that are part of creational pattern. These
are &

1. Abstract factory pattern : This pattern is for creating the instances of several
families of classes,

2. Builder P-‘lttEI'I'I : This pattern ."]«EPH.['EJI:E‘S the ubiﬁ:'t construction from its

~ representation.

3. Factory method pattern : This pattern is for creating the instances of several
derived classes.

4. Prototype pattern : It specifies the kinds of objects to create using a prototypical
instance and create new objects by copying this prototype.

5. Singleton pattern : It ensures that a class has only one instance and provides
global point of access to it.

Structural Pattern :
» In software engineering, structural design patterns are design patterns that ease the
design by identifying a simple way to realize relationships between entities.
# The structural design pattern serves as a blueprint for how different classes and
objects are combined to form larger structures.

e Structural patterns are just similar to data structures.
= There are various design patterns that are the part of structural design pattern -

1. Bridge : This pattern separates the object interface from its implementation.

2. Adapter : This pattern matches the interface of different classes.

3. Composite : This pattern is based on the tree structure of simple and composite
objects.

4. Decorator : In this pattern the responsibilities on the object are dynamic,

5. Fagade : In this pattern the single class represents the entire subsystem.

6. Flyweight : This pattern makes use of fine-grained instance for efficient sharing.

7. Private class data : In this pattern there is restricted access to the class data.

8. Proxy : In this pattern one object represents another object.

1 R
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Behavioural Pattern ‘

* The behavioral design patterns are design patterns that identify ¢,
communication patterns between objects and realize these patterns, By do
these patterns increase flexibiljty in carrying out this communication,

ey
""E hr

* - A behavioral pattern explains how objects interact.

* It describes how different objects and classes send messages to each other t, Makg
things happen and how the various tasks are divided among different objects,

* There are various design patterns that are the part of behavioral design patter .

1. Chain of responsibility : The chain of responsibility pattern is a design pattem,
that defines a linked list of handlers, each of which is able to process requests,

2. Command : The command pattern is a design pattern that enables all of the
information for a request to be contained within a single object.

3. Interpreter : This pattern specifies how to evaluate sentences in a language. This
pattern is useful when developing domain-specific languages or notations,

4. Iterator : This pattern is designed to sequentially access the elements of 2
collection.

5. Mediator : In this pattern the communication between objects is encapsulated

with a mediator object. Instead of classes communicating directly, classes send
messages to the mediator and the mediator sends
classes.

6. Null object :

these messages to the other

This pattern is designed to act as a default value of an object.
7. Memento : This pattern captures and restores an object's internal state.
B. Observer : The observer pattern is a design Pattern that defines a link between

objects so that when one object's state changes,

all dependent objects a*
updated automatically.

9. State : In this pattern it alters the object's behaviar

10. Strategy : In this pattern, it encapsulates an al

11. Template method : This pattern defers
subclass.

when its state changes.
gorithm inside a class.

; 2
the exact steps of an algorithm 1

12, Vi;gitm t This class defines new Operation to class without cha nges
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I 1. Write a short note on the structural patterns, ALl : May-19. Marks 4

m Model-View-Controller

Problem : The user interface often gets changed when we extend the functionality of

an application. Sometimes a customer may call for a specific user interface adaption.
Different users may place conflicting requirements on the user interface. Building a
system with required flexibility is expensive and error-prone if user interface is tightly
interwoven with core functional logic.

Solution

The Model View Controller is also known as MVC architecture. It divides the whole
application logic into three sections model, view and controller. This design pattern
separates the user interface from core functional logic.

Structure
The working is as follows -
L. Suppose a user is requesting a web page from the server, then server will send this

request to a specific controller.

2. The controller then asks to get the data from the model.

3. The model interacts with the database and sends the data to the controller on
validation.

4. The controller then sends this data to the view in order to render it or to make a
presentation of that data.

5. The view sends the proper presentation of data to the controller.

6. The controller then sends this presentation to the client who requested the web
Page. This presentation is considered a response to the client's request,
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The following figure illustrates the above work.

6. Response

Client
Fig. 3.5.1 Model View Controller architecture

» Participating classes :
The purpose of each component of Model-View-Controller architecture is described as
follows - '

Model
1) It handles the business logic or data logic.
2) It interacts with the database to get the requested data,
3) It performs the validation of that data.
4) It then sends the valid data to the controller.

View

1) It prepares the presentation of the data received from the controller.
2} It then sends the presentation to the controller.

Controller

1) It handles the request flow from client, to model and from model to the vieW
Again from view back to the client.

2) Sends the response to the client.

Known uses ;

The MVC pattemn is used mostly in web development applications.

The best-known example of the use of the Model-view-f:ﬂnh*nller pattern is the use”
interface framework in the Smalltalk environment. '

_._._.___._,..--'_f
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% Consequences :
Advantages
1) It is easy to make modifications in the application as the business logic is
separated from the presentation logic.
2) The development of applications becomes fast,
3) Itis easy for the developers to collaborate and work together.
4) Development of application becomes fast,
Disadvantages
1) Itis a complex architectural pattern and difficult to learn and implement.

2) For developing simple applications MVC is not a suitable design pattern as it
adversely affects the performance of such applications,

Software Design

kR] Publisher-Subscriber Patiern

Problem : A commonly arising situation is that data changes at one place and there
exists many components depending on this data. For example in some GUI based
a:[.:lplil:aﬁun, if some internal data gets changed, then multiple views based on this data
get affected.

Solution

* To solve this problem there must be some dedicated component who can inform the
changes in the data to all the dependent components. Hence, in the publisher
subscriber pattern, one dedicated component takes the role of the publisher{also
called as subject). All the components dependent on changes in the publisher are
called its subscribers(also called as observer).

* The publisher maintains a registry of currently subscribed components, Whenever a
component wants to become a subsecriber, it makes use of subscribe interface
offered by publisher.

* Whenever the publisher changes the state, it sends the notification to all its
subscribers.

* The subs;:ribers then retrieve the changed data.

. Ful]nwing are the freedoms used in publisher-subscriber pattern -

° The publisher can decide which internal state changes it will notify to its
subscribers.

© An object can be subscriber to many publishers.
© An object can take both the roles - it can be publisher or it can be a subscriber.,

* Based on publisher-subscriber pattern the push and pull models are derived.
-|"—|_'-_‘_-_-_-_
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« In the push model, the publisher sends all the changed data to its subscribers,

« In the pull model, the publisher only sends minimal information about the nhﬂllgg
to its subscribers. It is then subscribers' responsibility to get the required dat frony
the publisher whenever needed.

+ The push model has rigid dynamic behavior whereas the pull model is flexible

Structure :
pl.lpl:lfi?:l'{ﬂr uﬂi?m ptfhrd?:ifer Mgﬁw
Fig. 3.6.1 Publisher-Subscriber pattern
Known uses :

Event messaging : Publisher-Subscriber pattern is widely used in delivery logistics. As
we shop online more frequently for a wider variety of goods, package delivery ha
become commonplace. Logistics companies need to use delivery resources more
efficiently. To optimize delivery, dispatching systems need up-to-date information on
where their drivers are. Pub/Sub-event messaging helps logistics companies do this.
Advantages :

1) There is a support for distributed system.
2) Extensibility
Disadvantages :
1) Less efficient
2) Complex pattern to implement
Adapter
Sometime we come across
functionally but

AU May-11 12,1314,
the situation
they can not work together
We can use something like adapter
In object oriented design the ad
_ #pter i i -
Like any adapter in the real worl P A -

two objects. In real to be an interface, a bridge bﬂt""'gﬂs
POWer supplies, If you can not plug ™ b

Dec.-11,12,13.14, Marks g

where tweo components are working wel

. because of some reason, In such a situa™™
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power cord in your laptop you can use an adapter,
adapter and the adapter in to laptop slot.

problem : How to resolve incompatible interfaces. How to provide a stable interface
to the components having different interfaces ?
gplution

Soitware Design
You plug the power cord in the

Convert the original interface of com ponent into another interface through
intermediate adapter object.

This pattern is also known as wrapper. This is a GoF pattern.

There are two types of adapters -

1. Object adapters 2. Class adapters

Object adapters :

In this type of adapter pattern the adapter contains the instance of a class it wraps.
When the Client wants some task to get fulfilled it makes a request to the Target. The
Adapter inherits the Target and at the same time holds the instance of Adaptee. Hence a

specific requests of Adaptee can be invoked by the Apdapter. Thus it is the Adapter who
hides the Adaptees's interface from the client. It is illustrated in the Fig. 3.7.1(a).

Class adapters :

Fig. 3.7.1 (a) Object adapter pattern

In this type of adapter pattern the Adapter uses multiple polymorphic interfaces of
Adpatee, Hence the number of requests of Adapteel, Adaptee,.., AdapteeN can be
"Woked by the Apdapter. It is illustrated in the Fig. 3.7.1(b).

_‘—i—\_|_‘_-_‘_-_
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Fig. 3.7.1 (b) Class adapter pattern
Example

The typical examples of adaptér pattern are WindowsAdapter in Swing API or JDBC-
ODBC APLL

Benefits

1. Two compatible objects or classes can be interfaced using adapter pattern.
2. Reduces coupling between the objects.”

3. Due to use of polymorphism and indirection only essentjal behavior is focused.

Write a short note on adapter pattern,

1

2. What are the two types of adapter pattern ?
3. Write short note on adapter,
4

What is design pattern ? Explain the GoF design ﬁattems.
I
Command

¢ Command pattern is one of the behavioura]
used to implement loose coupling in a reque

: May-11,13,14. Dec.-13,14, Marks 4

ALl : May-12. Marks 4

design pattern. This design patter i
st-response model.
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Also Known As
Action, Transaction

deuaﬂﬂﬂ

There 15 an encapsulation of the operational request of a service into an entity called

d so that th :
comman € Same service can be used to trigger different operations. Optionally

the command can also be used for undo, logging or queueing operations.

ConcreteClass [Enmmnnd_mmu..i} :

* Defines a binding between a Receiver object and an action.

* Implements Execute by invoking the corresponding operation(s) on Receiver.
Client (Application) :

Creates a ConcreteClass object and sets its receiver.

Invoker (eommand) ;
Asks the command to carry out the request.

Receiver (Receiver_item) :

Knows how to perform the operations associated with carrying out a request. An
class may serve as a Receiver, | o

__CencreteCommand |
—Receiver myReca

TECHNICAL PUBLICATIONS® - an up-thrust lar kmessdarine
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Implementation

class Invoker {
private Command myCommand;
public void setCommand(Command aCommand ){

myCommand = aCommand; //actual command

}
public void trigger(){
myﬂammmd.mta{]l:
}
}

absract class Command {
abstract void execute():
}

class ConcreteCommand : Comumand {
private Receiver myReceivar:
. public ConcreteCommand(Receivar aReceiver) {
myReceiver = aReceiver:
}

public veoid execute() {
myReceiver.operation!);
3
}

class Receiver {
public operation() { // operation here }

}
class Client {
- public static void Main(String(] args) {
- Command ¢ =
b new ConcreteCommand(new Receiver));
B Invoker i = new [nvoker()
.~ LsetCommand(c);
~ Ltriggen()




Write File operation using Read or Write commands. To implement Read and Write
commands we need a text file. Hence the text file is called as Receiver over here. The
ReadFileOperation and WriteFileOperation are the concrete classes that will invoke the

commands Read and Write respectively. These methods are placed in the Receiver.
Hence Receiver is something that will actually execute the commands. There is an
Executor or an Invoker which will invoke the commands. The Invoker will have the list
of commands that will be executing currently. This facility of Invoker is also useful if we

want to perform undo operations. The Client is a command application. The Client calls
the Invoker which in turn executes the desired command.

To Summarize,

Command : Read and Write operations

Receiver : File on which the operations are to be performed.

Invoker : Contains the list of commands that are currently executing
Client : Will be using the Invoker to call the commands

The implementation for the above example is as follows -

/fCommand Interface
public interface FileOparation {
: String execute();
//Concrete Class1
public class ReadOperation implements FileOperation {
private Text File myfile;
//Constructor
public ReadOperation(Text_File myfile) {
 thismyfile = myfile;
}
- @Override
Public String execute(){

¥ } teturn myfile. Read();

M Clasa2
m'ﬂui WriteOperation implements FilsOperation {
- Private Text Fila myfile;
fﬂ’ﬂﬂnnmnm
m.; Public WriteOperation(Text_File myfile) {
Elkﬂmm TRpe; 5
" @Override R

‘-‘-""‘—-—-_
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. public String sxscuts(){
return myfile. Write();
¥
public class Text_File {
. private String file name;
//Constructor
public Text_File(String file_name) {
this file name = file name;
1
fActual Code for Read Command
public String Read() {
retum "Reading a file: "4 file_name;
}
//Actual Code for Write Command
pubtlic String Write() {
retum "Writing to a file: "+ fils_name;
}
1 ;
fMovoker or Executor
public class MyFileOperationlnvoker {
fereating list of operations
private final list<FileOperation> List = new ArrayLigt<>():
public String executeCommand(FileOperation myOperation) {
f{Adding the currently invoked command to the ArrayList
List add(myOperation);
return myOperation.executa();
}
}
//Client
class Application Client {
i. public static voitd main(String args(]) {
i f/client is invoking the invoker or Executor

MyFileUperationinvoker myExecutor = naw M?Fﬂaﬂparaﬁnnlnvuhm{}'

| 5

;ﬁ {fUsing Exacutor object the command for execution s

v called via Concrete el nstructor
©  //by passing the file name(Nots that file name actg as B receiver) o

«  myExecutor.executeCommand(naw Haadcapamtiuu{t;aw Text_File('test1.tx"));

new WriteOperation (new Text_File("test1.txt"));
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P m-and Demerits

-uurits
1) New commands can be easily added to the existing application,
2) It is easy to perform redo and undo operations while using the commands.
3)It decouples the classes that invoke the operation from the object that knows how to
execute the operation

Demerit
1) Using command EfESigI‘I pattern may requires more effort on implementation, since
each command requires a concrete command class, which will increase the number

of classes significantly,

EE] strategy

Intent

~® There are common situations when classes differ only in their behavior. For this
case, is a good idea to isolate the algorithms in separate classes in order to have the
ability to select different algorithms at runtime.

* This is a kind of design pattern in which a set of similar algorithms to be defined
and encapsulated in their own classes.

* Thus this pattern is intended to define a family of algorithms, encapsulate each of
them and make them interchangeable.

* Strategy is like Template Method.

Structure and Implementation

Following is an UML diagram which represents how to implement strategy design
Pattern,

Client class makes use of interchangeable algorithms. It maintains the reference to

Strategy object.

TECHNICAL PUBLICATIONS® . an up-thrust for knowiscigs
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==interface>>
Cliant |Strategy

strategy | |Sirategy L———

algorithm( }

i

Implementation 1 Implemantation 2 l

algorithmi ) algorithmy )

Fig. 3.9.1 Representation of strategy

[Strategy declares an interface common to all supported algorithms. The client uses
this interface to call the algorithm defined by a Implementationl, Implementation2 and
S0 On.

Implementation1, Implementation2 represent instances that provide different
algorithms that can be used by the client.

The skeleton code for this can be as given below
{ﬂﬂﬁﬂ class Program

j{::l'l.lhl'ic static void main(String arg(])

/iinvoling the algorithm() of Inplementation1
}fﬁm’ﬂmﬂ the algorithm() of Implemantation2
¥

public class Client

4
}.
public abstract class ISuategy

{

~ public void algorithm();

}

public class Implementation! extends ISrrgy ey
i

R TECHNICAL PUBLICATIONS® o i
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;ubllc class Implementation] extends IStrategy

T '.-_._;,'f'
! il vaid sigorithm()
{

}
}

Example :

In online shopping system modes of payment is a typical example of strategy pattern.
The online payment mode can be card payment, cash payment and so on.

W Merits and Demerits

Merits
1.If one needs to have several different behaviours that the object to perform, it is
much simpler to keep track of them if each behaviour is a separate class. One can
add, remove or change any of the behaviours very easily.
2. This strategy brings the flexibility in the code.
3. When you have several objects that are basically the same and differ only in their
behaviour, it is a good idea to make use of the strategy pattern.

Demerits
1. The application must be aware of all the strategies to select the right one in right

situation.

1. The metﬁur}r requirement for implementing this pattern is more as Client has to
maintain the object of Strategy base class, in order to choose appropriate algorithm
each time.

w For the description given below, draw the ciass diagram and identify the roles for
# strategy design pattern, Mention the roles identified for each class and its relevant
behaviour in the class diagram. Grand health club offers a scheme for membership of the
health club, The options available for vegistering are "yoga' and ‘aerobics'. The monthly
charges for aerobics membership are 2000.00, The monthly charges for yoga membership are
1000.00. The members can avail a single option out of the two options. If a person books for
three months, he gets 20 % discount. If he books for six months, he gets 25 percent discount,

If he books for nine months, he gets 35 % discount. If he books for orie year, he gets 30 %=
discount, . :
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Solution :
HealthClub Membership
+oplion . -
arge
i +monthly _charg
ThreeMonths SixMonths NineMonths OneYear
+discount = 20% +discount = 25% +discount = 35% +discount = 50%

Fig. 3.9.2

w:wy stralegy design pattern o

company has many employees. Each empl
range of 1 to 5. When the index is 2,
,Sﬂmirwrﬂmntisiﬁpercmtcfﬂmprmaus Year salary, 4 the i
previous year salary and when 5 the increment s

Indicate the roll of each class in the class diagram,
Solution :

L'_ s -p-.',:'- + has

Employee

+name

the following and draw the class dingram. A

ayee has a name and a performance index in the
the increment is 10 percent of the previous year salary.
mncrement is 20 percent of the
25 percent of the previous year salary.

— F"*ﬁ*r-wm W;t _ w‘hﬂﬂ Elﬂpl&,‘.l'll_w"
yr E‘I"“*’ nant = 185, .| | Performance. =4 | [ +performance_index =
— ;:'n_‘w_ P, u.u-.'&.r_.-_ +i . s M prabiiel M.E“- .
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The observer pattern is a design pattern that defines a link between objects so that
when one object's state changes, all dependent objects are updated automatically. This
patterm allows communication between objects in a loosely coupled manner.

structure and Implementation

Following is an UML diagram which represents how to implement observer design
pattern.

Observable interface or abstract class defining the operations for attaching and de-
attaching observers to the client. It is also called as subject.

Mh Observer

notify( ) : void updateq )

servable | | ConcreteObserver 1 ConcreteObserver 2

update( | update( )

Fig. 3.10.1 Representation of observer

ConcreteObservable is a concrete Observable class. It maintain the state of the object
nd when a change in the state occurs it notifies the attached Observer.

Ubserver is the interface or abstract class defining the operations to be used to notify
this objact

Emﬂetzﬂhu&rver’l, ConcreteObserver2 are concrete Observer implementations.
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The flow of execution is as follows -

The main function instantiate the ConcreteObservable object. Then it instary;,
attaches the concrete observers to it using the methods defined in the Obg,

interface. Each time the on the change in state, it notifies all
ConcreteObservers using the methods defined in the Observer interface,

n'ihlg-

the a'ftach,m

# Merits and Demerits
Merits

1. This pattern is useful whén there is a change of state in one object that mys be
reflected in another object.

2. The new observers can be added easily with the minimal changes in the entire ¢
3. It allows to send the data to many other objects in very efficient manner,
Demerits

..

When there are several Observabels(subjects) and Observers then
relations that need to be maintained. Due to which the averall code be

Proxy

Intent

there are multiple
comes complex,

Provides the placeholder for another object to control access to jt.
Also Known as

Surrogate
Motivation

In this pattern the class represents the functionality of another pattern.

pattern.

This type of pattern belongs to structyral design
* The intention of this pattern is to '
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structure
FclllﬂWiIlE UML clmgl‘ﬂm represents how to impll?.l]'lEl‘ll.’ proxy dp_-;[E" pattern.
ltem =<inlefaca=>
*display(): veid
implements —
- Proxyltem
+temName: String +Tealltem: Realltem
+[tamMame; String
+mmw} : +Proxyllemi)
ShenmNee .| *display(): void
+getitem(): void
Client
“pnaing): void
Fig. 3.11.1 Representation of proxy
Implementation

When client needs some item, it will actually use the Proxyltem to get an objet for
Item. The Item is an interface which is implemented by the concrete classes Realltem and
Proxyltem, The Proxyltem is a proxy class which uses the instance of Realltem.

The skeleton code for the above representation is as given below

The interface is created as follows

ittt o 38 i A
R gy Koy :

The concrete 4:1355.,.;5; Realltem and Proxyltem are as follows -

R T 1] rumuﬁﬁ-mmﬂﬂﬂmrmum
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Realltem. java
public class Realltem implements [tem
1
private String ternMName;
public Realltem(String ltemName)
{
this.ItemName = [temName;
getitem(ItemName);
}
public void display()
{
System. out println{"Displaying Item : ' +ltemName);
}
private void getltem{String ItemName)
{
System.out println{'Ttem: " +ItemName+' is obtained");
}
1

Proxyltem.java
public class Proxyltem implements [tem
{
private Realltem mylten;
private String temiName;
public Proxyltem(String ltemName)
{
this ItaemMame = ItemMName;
}
public void display()
{
iffmyltem == null)
{
myltem = new Realltem(ItemName);
}
myltem. display().
.. }

Client.java

public class Client
{ i

public static void main(String(] args) {

Item item = new Proxyltem("MyFavorite Item");
I}hﬂmﬂhnmﬂumﬁmmﬂrnmmwh.m

e = el B T T THE - T T
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application

The payment made by the customer by cheque or by bank demand draft is proxy for
d in place of cash for

&ueﬂd“ﬂl cash present in the account. A cheque or DD can be use
making purchases and ultimately controls access to cash in the issuer's account.

3 Merits and Demerits

Merits
. Security is the most primary advantage of this des
remains protected from the client access by providing the proxy instance.
this saves the system's memory space

ign pattern. The main object

2. The duplication of the object can be avoided,
.nd also increases the performance of application.

Demerits
The conflicts in the behavior of the system may Cectit if one client directly accesses the

real object and another client accesses the proxy object.

th suitable example.

1. Explain the proxy designer patiern wi

pogie
The Fagade design pattern is a structural design pattern. Itis evolved from the French

word facade which means “frontage” or “face”.

It defines the }ﬁgh-level interface that makes the subsystem easier to use.

||'|'|;g,|-|t
* Provide a unified int-el'fEEE to a set of interfaces in a EllejFS't-Eﬂ'l. Facade defines a
higher-level interface that makes the subsystem easier to use.

* Wrap a complicated subsystem with a simpler interface.

Motivation
ﬂ_;“ simplify the complex system archi
Fagade object is used. The Facgade shields

tecture by unifying it with different interfaces,
the complexity of the system from the client.
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Structure

y Client ——| Facade
USEs Lsas
Subsystem1 Subsystemz2
Class1 Class2
method!) method|)
Fig. 3.12.1
Example

Consider a scenario where a customer has some issues with the product he/she ha
purchased. So the customer calls makes a call on customer care number and speaks witha
customer SEl'Ill'il’.‘E representative. The customer care service person acts as a Facade
providing an interface to the order fulfilment. The underlying system may include a team

of service engineers, The corresponding service engineer of that region is then assigned a
duty to look after the complaint raised by the customer
order of execution will be -

1) Customer calls the ProductServiceSystem

and solve the complaint. The

2) The customer care service person then hands it
the appropriate service engineer,

3) The service engineer visits the customer and solves
Customer,

OVer to a subsystem that assign®

the issue raised by the

Irr_npl&mentaﬁun
r!‘l!‘ I . -"* '.' .':-:.-. =

v i

BEty

r
£.,:§5":=.?:'.3'5' il
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mﬂiﬁ' ahlr! mmnmmﬂuu&mmmmn{}{ :5_ 7 1_;?""
private ProductServiceSystem service, : 1£

f pmmaawiuﬂﬁnnmm engineer: vE

% garvice.assignServiceEngineer(); G

 engineer.getRequest();

% Merits and Demerits

Merits

1) It hides much of the complexity and makes the subsystem easy to use.
2) It helps to have the principle of loose coupling, so changes can be made to the

: E}ratem without affecting the clients.
4
k  Demerits
5 1) It incorporates the additional level of indirection.
2 2) There is high degree of dependence on fagade interface.
| 3) Clients cannot access underlying classes and certain functionalities might be
unavailable to clients.
Review Question
1]

1. Explain the infent, motivation, structure, implementation, mevits and demerits of Facade
design pattern.

it

Role of Architecture
* Architecture is a design of a system which gives a high level view of the parts of the
systems and focus on the relationship among these subsystems.,
the system which can be described by the

* There is no unique structure of
types of structures. Hence the architecture can

architecture. In fact there are various
be formally defined as

[ —

Definition : Software architecture of the system is a structure or structures of the system
visible properties of those

Wwhich consists of software elements and the Externallj,r

Lf_]i'f__m and relationships among them.
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to this definition the elements that have some important prope e

e According ‘ et : ! T
considered as the main elements. The behaviour o se elements is , part
architecture.

o The uses of the software architecture descri ptions are -

1. Understanding and communication

o The software architecture description is for communicating the architectyy, .
the system to its users, developers and to the architects. This description hepg
these stakeholders(users, developers and architects) to understand the mq,
properties of the system and how the system satisfies the functional and qualiy
requirements.

o The architecture description of proposed system will describe how the Syster
will be composed and what the parts of it are. This will help in understanding he
proposed system.

' o The architecture description is also useful for understanding the existing system.

2. Reuse

o Snftware architecture helps in reusing the software. The software reuse help in
mcreasing the productivity and decreasing the cost of software,

0 Euﬂf;v.;m engineers are working for developing such software components tha
w us:i for building any desired software system. Then architectures
chosen in a manner that these components will be reused effectiv

o If there are similar types of products th
that can be reused in similar products.

ely.
en architectures suggest the components

3. Construction and evolution

arts., SUitﬂblE Pﬂrﬁhﬂmﬂg 1n ﬂi
ilt by Stem part by part. Then each part @

architecture guides the development process Parate group of developers- T
o After construction of th '

to be ingg ;
_INCOrporated ip the ecid®
_ ol it system then architecture d
made carefully withgy distmﬁ;‘; m{i b}?]]l'he changes, The changes should i
: era fl-l.l'lctiﬂna]it}r of th
e system-

.. : TECHNICA! o i
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4, Analysis

» Before building the actual system some important properties of the system can be

determined. The software engineers use the models to analyze the design of a

product for its cost, reliability and performance. Architecture helps in

determining such models.

o The properties of the system that has to be build can be predicted if the system is
developed from the architecture. Thus architecture description helps in analyzing
the system before its actual development.

ri. What is software architecture ? Also explain the uses of software architecture description.

Architectural Styles
» Architectural style is a pattern for creating the system architecture for the given
problem. Most of the large systems are heterogeneous and do not follow a single
architectural style, _
» These styles can provide ideas for creating an architectural view for the given

problem.

* Styles can be combined to form richer views.

* Many systems use multiple styles and different parts of a system may use different
styles.
* Various architectural styles are -
o Layered architectural style
o Client Server style
o Tiered architecture
o Fipe and Filter style

M Layered Architectural Style
* The layered architecture is composed of different layers. Each layer is intended to
Perform specific operations so machine instruction set can be generated. Various
Components in each layer perform specific operations.




~ Utllity
layer

parforming
various operations

Fig. 3.15.1 Layer architecture of components

* The outer layer is responsible for performing the user interface operations while the

components in the inner layer perform operating system interfaces.

* The components in intermediate layer perform utility services and application

software functions.

Client Server Style

In this style, there are two component types client and server,

The client can communicate to the server but not to another client.
The communication between the client and server
client sends the request to the server and for service
The server receives any request from
requested service and then the regy]t

is initiated by the client. T
and the server supports.

the client on 3 specific port. Then it builds t®
18 returned to the client,

; e B
with the server, This type
of the connector makes the request and ﬂ.ﬁ
sent, The COMmunication is Eyﬂﬂhmﬂﬂus ;

equest and wait for the
ay,

connector is asymmetric. The client eng
server end of connector the Tesponse ig
nature. That means client makes 3

it ge*
blocked until the request gets a rep response and

TECHMICAL pam e —




Review Question

i

Client Client

Fig. 3.16.1 Client Server architecture

‘ 1. Explain the client server architecture.

-H-‘_""‘-—-_

Tiered Architecture

o The general form of client server architecture is n-tier structure. The client sends a
request to the server and in order to serve the request the server further sends this
request to some another server.

The most commonly used structure is 3-tier architecture. In this architecture the
client makes a request to the server and receives the response from the server. This
is a presentation tier. Then the server processes this request and computes the
result, This is a middle tier which is called business logic tier. The third tier is the
database tier in which the data resides. The business tier interacts with the database

tier for accessing the required data.
Refer Fig. 3.17.1.

Request f——
Database
1l access
Response

Fig. 3.17.1 Client Server architecture

For the client server communication u5ua||}f the read write connector is used but
many client-server systems today support the TCP ports as the connectors. For the
Web applications HTTP protocol is used to support the connector.

m Fim and Fl“ﬁr AL : Dec.-20, Mayp-22 Marks 13

* Inthis architecture series of transformations are applied to produce the output data.
* There ig only one type of component used in this architectural style and that is

TECHMICAL PUBLICATIONS® - an up-thrust for knowledge
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Filter which is connected to only one type of connector and that is Pipe. The data,
transformed from one filter to another using the pipes,

» The filters work independently without bothering the other filter.
* A filter may have more than one inputs and more than one outputs,

* Filters are only concerned with the data coming to them as input through pipe ,
filter need not know the identity of the filter that sent the input data or the idmﬁt],.
of the filter that will consume the data they produce.

* Pipe does not change the data which travel through them. These are unidirectiony
entities which transfers the data received at one end to another.

= Filter |—={ Filter
=/ Fiter —+| Filter f—=
=| Fiter |—={ Filter
- Filter |=
Fig. 3.18.1 Pipes and Filters
® There are some constraints on this architectural style imposes -

1. The filters should work without the knowledge of producer (the filter who
sends the data) or consumer (the filter who receives the data).

2. A pipe is a two-way connector. It must connect an out
input port of another filter.
3. In pure pipe and filter structure a filter has independent thread of control which

process the data and to support a pipe mechanism which transforms the da®
the synchronization needed.

put port of a filter to an
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Tﬂm pipe and filter architectural pattern.

, What are the different types of architectural styles exist ]

i 2  chitecture in detail ? L for software and EEIEHI auE mﬁm

| | 3 Bring out the importance of architectural design. Explain any two software architectural styles
ek el 0 iy 22, it 15

"
m User Interface Design AU : May-16.13.22, Dec.-08,09,17.15.16, Marks 16

| Any computer based system requires two things: its computational ability and
functionality. The computer based systems are typically used by casual users. Hence the
purpose of user interface design is to have effective communication. medium between the
computerized system and the user. This kind of interface design is necessary because of
many reasons such as : software is difficult to use, the use of software forces the user to
make mistakes due fo lack of understandings about the system.

While designing for user interface the very first step is to identify user, tasks and
environmental techniques. Based on user tasks, user scenarios are prepared. Such user
scenarios help to design user interface objects and corresponding actions. This set of
objects and actions help in deciding the screen layout. Once such a layout has been
. prepared, appropriate icons, screen texts and menu items can be placed at respective
positions.

Advantages ;

Following are the advantages of having user interface system.

1. The user interface systems provide fast and intuitive interactions to the user. The
J new user can easily operate the system.
2. As in user interface design, menus are provided, it avoids typing mistakes and very
r little typing is required.
: 3. The user interface helpsin simple data entry.
4. It provides the flexibility in switching from one task to another.
g All the above mentioned advantages of user interface design helps in building the
flexible software product. And therefore the sale for software product can be increased.

i
' B coiden Rules |
Thﬁﬂ Ma_nd_e'l has PI":"P‘DEEd three EﬂldE‘ﬂ rules for user interface lj.E‘ElEI‘I -

| B

: Place the user in control

3' Reduce the user's memory load
-Make the interface consistent.

"m

4 TECHNICAL PUBLICATIONS® « én up-thrust for knowfadge
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Let us discuss each rule in detail -

EXIXE] Piece the User in Control

While analysing any requirement during requiremen

t analysis the user often dey, -

for the system which will satisfy user requirements and help him to get the things dop,
That means the user always wants to control the computerized system. Following ar
design principles that allow user to control the system :

Define the interaction modes in such a way that user will be restricted frop,
doing the unnecessary actions.

Interaction mode means the current state in which user is working and being i
such a mode user is supposed to do the related tasks only if the user has to perfom
unnecessary actions at such time then the GUI becomes frustrating.

The interaction should be flexible.

The user interaction should be flexible, For example in the Microsoft power point
slide show the slide transition is possible using mouse clicks as well as using
keyboard. Such flexibility allows any user to operate the system as per his comfort
Provide the facility of 'undo’ or 'interruption’' in user interaction.

This is the feature which allows the user to correct himself whenever necessary
without loosing his previous work. For example : In the software like 'Paint’ one can
draw some objects and perform 'redo’ or 'undo’ actions for performing his desired
drawing,.

Allow user to customize the interaction,

It is observed that in while handling user interface certain actions need to be doré
repeatedly. It saves the time if these actions are collected in a Macro.
Hide technical details from the user,

This feature is essential for a casual user, User

commands, should not be aware of systef

operating system functions or file management functions. For exanp*

rint : . o
take the print out. = then it becomes convenient for a casual U

The obj
s ::-ts apP*E::nB on the screen should be interactive with the user.
means ¢ i
screen. For examp].: :‘E?;::;?-‘]d be in position to adjust the object appearing on S::
written in the object. one should be able to stretch the oval or edit th"
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Reduce the User's Memory Load
jf the user interface is good then user has to remember very less. In fact the design

\ ghould be such that the system remembers more for the user and ultimately it assists the

, ser to handle the computer based systems, Following are the principles suggested by

Mandel to reduce the memory load of the user.

1. Do not force the user to have short term memory.

i When user is involved in complex tasks then he has to remember more. The user
interface should be such that the user need not have to remember past actions and
results. And this can be achieved by providing proper visual interface.

2. Establish meaningful defaults.
Meaningful default options should be available to the user. For example in the
Microsoft word the user can set the default font size as per his choice. Not only this,
there should be some reset option available to the user in order to get back the

original values.

3. Use intuitive shortcuts,
For quick handling of the system such short cuts are required in the user interface.
For example control+s key is for saving the file or control+o is for opening the file.
Hence use of meaningful mnemonics is necessary while designing an interface.

4, The visual layout of the interface should be realistic.
When certain aspect/feature of the system needs to be highlighted then use of
proper visual layout helps a casual user to handle the system with ease. For
example in an online purchase system if pictures of Master card/Visa card are given
then it guides the user to understand the payment mode of online purchasing,

5. Disclose the information gradually.
There should not be bombarding of information on user. It should be presented to

the user in a systematic manner. For instance one can organize the information in
structure the information should be in abstract form and at the bottom level more

detailed information can be given.

BXEXEY vke the interfece Consistent
The user interface should be consistent. This consistency can be maintained at three

lEvElS such as,

* The visual information (all screen layouts)
should be as per the design standards.

should be consistent throughout and it

-|-|_|_-_‘_‘_-_-_
R TP B 1 - 1 H“_.H-'I'JDHEE'M anm
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e There should be limited set of input holding the non conflicting u"fun'"ﬂtiﬁnl
e The information flow transiting from one task to another should be CONSister,

Mandel has suggested following principles for consistent interface design,

Allow user to direct the current task into meaningful manner.

This principle suggests that create a user interface with proper indicators o, it
that user can understand his current task and how to proceed for new task.

2. Maintain consistency across family of product.

3. If certain standards are maintained in previous model of application do not

If an application come in a packaged manner then every product of tl:aat applicatioy
family should posses the consistent user interface. For example Microsof Office
family has several application products such as MS WORD, MS Power Point, Mg
Access and so on. The interface of each of these product is consistent (of course ywig,
necessary changes according to its working!). That means there is a title bar, meny
bar having menus such as File, Edit, View, Insert, Format, Tools, Table, Windoy:

Help on every interface. Then tool bars and then design layouts are placed on the
interface,

change it until and unless it is necessary. _
Certain sequence of operation becomes a standard for the user, then do not change

€COmes annoying to the user.

User Interface Analysis and Design

User interface analysis and design can be d

one with the hel p of tollowing steps.

Create different models for system functiong,

In order to perform these functions ig
Prepare all interface designs b i

Implement design model,
Evaluate the design from end user to bring quality in j¢
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These steps can be 'I:-madl}r Categorized in two classes
Let us discuss each of them in detaj] _
Interface analysis
and design modals
The process
m Interface Analysis and Design Mode|
t}mmntﬂﬂun model

Fig. 3.19.1 Analysis and design model

Typically there are four types of models that can be prepared in interface analysis and
design. Let us understand each of them

¢ User model - To design any user interface it is a must to understand the user who
is using the system. Hence in this model the profile of user is prepared by
considering age, sex, educational, economical and cultural background. The
software engineer prepares user model. Globally there are three kinds of users

Fr et

=

Novigs it ~ The user with very litlle knowledge of the
v e  computer who simply knows semantics|
~ [simply the wanis) of the system and

does not know the implementation of
such system.

: Htermittent The user having knowledge about the
. Knowledgeable and intermitten semantics of the system as well as having

little knowledge of syntactHe of the

system.
; ' The user with guod semantic as well as
Knowledgeable and frequent . syntactic knowledge of the system.
as g - :-r'l."'.':r"-.".r.'l Rk o ik —

. E'Esign model - It consists of data, architectural, interface and prm:edural
representation of the software. While preparing this m_“dEI the. Tequirement
specification must be used properly to set the system SR Sipos: g mar

Prepares the design model of the interface.

S
| NMEAHMEE' an up-thrus for Ll
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Object - ﬂﬂﬂ} ! -]-]_IE user mﬂd_e] is the rEPrEE‘en.tﬂth of
« Mental model (system percep i

thinks about the system? Basically any user interfacel design g

2 t upon the description obtained from the user about his wants ap4
;::-'E::ld u:r is knowledgeable then more complete description of the syster, cany,
obtained than that of novice user.
Implementation model - The implementation model gerferﬂtEﬁ the look and feg]
interface. This model describes the system's semantic and syntax. It i
necessary to match the implementation model with the user's mental modg then
only user can feel comfortable with the developed system.

Finally the interface designer has to resolve any differences within these models, The
supreme principle that has to be followed in interface analysis and design method s tha
know the user and know the task!

Vily

The user interface analysis and design process can be implemented using iterative
spiral model. It consists of four framework activities.

L. Environment analysis and modelling 2. Interface design
3. Implementation 4. Interface validation

As shown in the below figure each of these tasks can be performed more than once. At

each pass around the system more requirements can be elaborated and detailed design
can be performed. -

S

H’E]BE!E -

-

Feleass
Relagsa -

Fig. 3.10.2 Interface analysis ang design proce
TECHMICAT Buisi smae — =
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gnvironment analysis and modelling - In this phase three major factors are focused
(e, user, task and environment. First of all the user profile is analysed to understand the
sser and to elicit the requirements, then the tasks that are required to carry out desired
jonality are identified and analysed, The analysis is made on user environment
which involves the physical work environment, Finally analysis model is created for the
4, jnterface. This model serves as a basis for the design of user interface.

% Interface design - The interface design is a phase in which all the interface objects and

T

-

f!' corresponding actions of each task are defined.
Implementation - The implementation phase involves creation of prototype using
4 which the interface scenarios can be evaluated. To accomplish the construction of user

%| interface some automated tools can be used

Validation - The goal of wvalidation is to validate the interface for its correct
performance. During validation it is tested whether all the user requirements get satisfied

or not. The purpose of validation is also to check whether the interface is easy to learn
" and easy to use.

Interface Analysis

* Before preceding for interface design it is necessary to understand the problem.
1 * Understanding the problem means understanding -
1 1. The people or user who actually interacts with the system.
2. The task that are performed by the end user for interacting the system
3. The contents of the interface that will be displaved to the user.
4. The environment in which the task will be conducted.

mﬂl&rﬁmlysls

—_—— e

Fn-]luwing are the ways by which one can learn what the user wants from the
user interface -

© User interviews : This is the most effective technique in which some
Tepresentatives from software team meet the end user to better understand the
User needs, motivations and many other issues, Meetings are conducted for
this purpose.

o Sales input : Sales people interact with the users regularly and collect the
information. Based on this information the users are categorized in particular
BToups and thereby their requirements are better understood.

o Marketing input : Market analysis is made in order to understand the usage
of software,

.Illi‘- -\-“H—‘_-"'-—-_____
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rt input : Support staff keeps a mﬁ“:; iliﬁracm
3 's‘:frztiun fI::r knowing the certain things like BS i5-lik g, iy

:ers, which features are easy to use and so on. ; |
Following is a set of questions that will help the mte;face designe, i

» Follo

understand the users of a system - ?
1. Are user trained professionals, technicians, or worker ml e
a - l_E_ . ¢ 3
2. Are the users capable of learning from written mater they l"-‘quue%

classroom training ?
. What is the formal education of the user 7
Are users aware of using keyboard ?
What is the age group of user ?

Will user be represented dominantly by one gender ?
Does the user work in office hour or do they work until the job is done ?
What kind of compensation will be given to the user for the work they
perform ?
9. Will the user make use of the software frequently or occasionally ?

10. What is the primary sﬁukm language among the users ?

11. What will happen if the user makes a mistake in handling the system ?

12. Are the expert users addressed by the system ?

13. Do users want to know the technology used behind the interface ?
* The answers to these questions hel P in understanding the end-user.

® NS e ow

Task Analysis and Modelling
* Intask analysis following questions are answered

1. In specific situation what work the user should perform ?

% When user performs the work what are the tasks and sub tasks tha chould
performed ?

3. When user performs the work, what are all those problem domain objects that
user will manipulate 7

4. What is the hierarchy of the task ?
5. What is the workflow for accomplishing the task ?




e
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order to answer these questions fo]c.:
o In ons tollowing techniques are used .

i U i
1. Use-cases : Use cases describe the manner in which the actor interacts with the

2. Task elaboration : For tag) elaboration
stepwise refinement of
interface design adopts

| the functional decomposition or the
the Processing task is done. The task analysis for

s elaborative approach. During the task ;:Iahuratinn,
identification and classification of tasks is performed.

Object elaboration : The software engineers examine the use case and the other
information obtained from user and extract the information about the physical
objects. These objects are further classified into classes. The attributes of each

class are defined and evaluation of actions will identify the list of operations.

4. Workflow analysis : When there are many users who are simultaneously using
the system then for understanding the flow of the series of tasks conducted the

work flow analysis technique is applied. Workflow processes can be easily
modelled using swimlane diagram. In swimlane diagram, the modelling is done
for the classes who are responsible for carrying out the activities.

See Fig. 3.19.3 on next page.

As shown in Fig. 3.19.3 the reservation system makes use of some important classes
Such as Booking service, Passenger service and Finance service. Following are the set of

activities -
o Passenger makes enquiry about reservation.

o He has to fill up the form. The passenger will fill the up the information such
as source and destination city, date and time of travel, number of passengers

and type of reservation. : :
A S then he gets the confirmation for the

reservation otherwise he will be ]J'l.ll in the wai E'iI‘LE list.
© If the confirmed reservation is made, the passenger pays for the ticket.
o The finance service will receive the payment.
© The booking service will issue the tickets.

l\"'-h._-_-_-_-_-_ e e —— - e s T
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Finance
Passangar

Fig. 3.19.3
5. Hierarchical representation -

After establishing
should be specifi

: s
W analysis process elaboration occ

| 7
the workflow analysis, the taq hierarchy for each user 1

15,

ed. In thig hierarchica]

is€
‘ePresentation, there is a stepW
Tepresentation of each agl identified for each user. For example :
Fills reservation form -
* Provide the Personal informatign
i. Specify Name(s)

r

T T
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iv.Desired destination city
v. Date and time
Reservation details

i. Name(s)

ii. Age

iii. Source city

iv. Destination city

v. Date and time of train
vi. Seat numbers

vii. Type of reservation

viii. Name of the train

EREEE] Analysis of Display Content

* The contents that get displayed as an user interface are called the display contents.

* The display contents can be spreadsheets, 3D models, pictures or images, a graph or
specialised information such as audio or video files.

* During this analysis step, the format and aesthetics of the display contents are
considered. _
* For determining the format and the aesthetics of the contents following questions
can be asked or answered.
a. Is it possible for the interface to display various types of data in a consistent
manner on geographic location ?
b. Is it possible to customize the screen location with respect to the contents ?
c. If the large report is partitioned properly for the sake of understanding ?
d. Is the summary of large amount of data available directly ?
€. Will the graphical output be displayed properly so that it will fit to the display
device ?
£. Is there a use of sophisticated color combination?
8 Are the errors and waming messages presented to the user in interactive
manner ?

....... e arnt i a TIANST - an up-thrust for knowisdge
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. Answﬂls to these questions will help in gathering the requirementg

fl;'lr tEE
presentation of the contents.

kREKREY Analysis of Work Environment
¢ The analysis of work environment is very important.

* In some applications the user interface for the computer based systems jg Placeq |
very user friendly environment. In such a situation, there oy be interacti,,
presentation of the information, proper lighting, good display height,
keyboard access, proper sitting arrangement and so on. In such work en
using the application becomes an enjoyable activity.

* But there are some workplaces in which there may be insufficient light, lot of Noise
and distractions, unavailability of keyboard or mouse interfacing and so on, Using
the application in such environment becomes difficult and frustrating.

* In addition to these physical factors, consideration of work place culture s
extremely important. These factors are raised by following questions -

o Will more than one person access the sa
input ?

Easy
vimnmm

me information before providing the

o Will the system interaction be measured in
instance : Time required for processing of data.

© Wil the system provide some kind of 5

* These issues

terms of some measure. For

upport to the user for handling it ?
must be solved before the completion of interface design

Interface Design

After interface analysis all
design is an iterative process
time the design step gets ela

phase,

the tasks and correspondi Mg actions are identified, Interface
in which each des;

&M Process occurs more than once. Each
borated in more detail

Following are the commeonly used
interface design steps -
: During the interface analysis step define interface objects and EDrIESPﬂndmg
actions or operations,




R ! gineer communicates the user and according

and t - '
from f.h'-‘ e hen wgrﬁk on defining objects and corresponding actions. While
designing the interface the designer has to follow -

s Golden rules
¢« Model the interface

 Analyse the working environment

Let us now discuss with some example how to apply these design steps -

[BEEE] Application of Interface Design Steps

_As we know the ﬁr?t step in any interface design is to identify all the necessary
objects and -:crtm;espi?ndmg achions. The use cases are used for this purpose. That is, the
use case description is parsed and the nouns and verbs from this description is identified.

The nouns correspond to objects and verbs correspond to actions. Thus a list of objects
and actions is prepared.

There are three types of objects

1. Target object - The target object is an object in which some object can be merged.

2. Source object - The source object is an object which can be dragged and dropped to
some other object.

3. Application object - The object which represents the application specific data.

After identifying all the necessary objects and actions the screen layout can be
prepared. The creation of screen layout includes placing of useful icons, descriptive text,
menus and windows. This layout should resemble the real world description of the
application.

For example : Online student registration

Some part of problem description is given below for online student registration
System.

"A student will be typical user of this system. This user has to fill up an online
tegistration form. In this form he has to submit the student information and then he has
¥ select the courses which he/she wants to adopt. Then the Time Table of the

“Orresponding course will be displayed to the user. There should be a facility that student
N get a print of time table. Then student will be given some Student ID, he then has to
%t the password for this ID. If a teacher wants to find the particular student teacher will

PUt the student ID and can get the complete information of him."

TECHNICAL PUBLICATIONS® - an up-fhrust for knowfadge
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in above problem description the boldface words indicate the ':;hieﬂtﬁ ang
v = b a n

. i.l E the verbs using this information “We A1 SETER The Uy
underline words represent

interface as shown below
"A student will be typical user
registration form. In this form he has
to select the courses which he/she wants to adopt.”
En the Time Table of the corresponding course will be displayed to the user. The,,

should be a facility that student can get a print of time table.

of this system. This user has to fill up an oy,
to submit the student information and thmhﬂha,_
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Fig. 3.19.4

If a teacher wants to find the particular stud

-l- .
get the complete information of him, ent teacher will put the student ID and &




Fig. 3.19.5

[ Finding e shudent inkormation using ID
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User Interface Design Pattern .
Today it is a common practice to include some user interface design patterpg The

design patterns serve as a solution to specific design problem.

For example

a5 Ly IE'.I. B ﬂ'l'H '!::.H.Iﬁl:
TSR Meaning

We found this type of pattern in any
installation program. By this pattern user gets a
feel that some process is progressing
continuously behind the screen. ;

This pattern serves as a guideline for
completion of task through various windows.

It is typically used in on-ine purchasing
system. It provides the list of items that can be
purchased.

There "are four important interface design issues that are depicted by following
Fig. 3.19.7.

ml PLIRY i i Firne s el _._._._._,_.--’-FF/ l




et e Sovare Ergnooreg 359 ]

—* System length is the amount of time
taken by the system to respond

System response
time characteristics ~ |

Variability variation of time from averags
| response time (if system responds within 5
seconds and if we get response in 4.8 of 5.2
seconds then it is called variability)

Fig. 3.18.8

Help facilities : This is the most essential criteria for any user interface this makes the
system more interactive. The help can be on-line help or it can be in the form of user
manual. Even some software provide the help in the assistance form i.e. the question may
be asked by the user and the answer given by the system will serve as a help to the user.

Error handling : Errors and warning cause the frustrations to the user. Sometimes the
error messages are in very vague form. For example : Application

ABC has encountered error 1033. Now such type of error messages do not direct the
user about what went wrong. Following are the characteristics for presenting errors.

1. The error message should be in a language which user can understand.
For example : Remote server not responding.
2 There should be some useful message along with error in order to recover from the
error. For example : Press enter to exit
3. There should be some audible or visual cue along with the error message. For
example: beep sound or highlighting back ground of the text.
4 There should not be any negative impact of error on the user. For example : File
¥Y7.5YS has been deleted such error will cause frustration on the user.
5. The wording of the error should be carefully used and it should not blame user.
(because nobody likes to get criticized!!)
Thus error messages should be so effective that they should bring qualitative
interaction between the user and the system.
Menu and command labelling : There are typically two ways by which the user
handles the system i.e. keyboard and mouse. The system can be handled using
tOmmands by the power user(ie. knowledgeable and frequent users) whereas any

ordinary user makes use of GUI and he prefers not to use any command as such. There
are number of design issues for typed command and menu labels.

T.Emmpummmus"- an up-thrst for knowisdge
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K bel related design issues
| command related design Issues Menu la = i,
In which form the command will be 7 Wwill there be any menu mﬂ“ﬂ

command ? .

Will the commands be difficult to learn and  Are the menus self explanatory 7

remember 7

———

What to do if the command is forgotten 7 Is

there any consistency between menu and
submenus

s there any abbreviation for the command ?
_ Or can they be customized ?

—

Application accessibllity :

In modern era, Computer application are used by everybody and every where,
Hence software engineers must develop a mechanism by which the most
frequently required applications must be availed easily.

The software is most important entity for the users who are physically challenged.
This can be used by them for moral, legal and business reasons,

Accessibility guidelines are used for while developing the applications. These
guidelines are mostly used by the web applications. The guideline assist in
designing the interfaces used within the application.

The accessibility guideline also provides the guideline for assistive technology

that addresses the needs of those wisual, hearing, speech and mobility
impairments.

Internationalization

There are situations in which the user interface is developed for localised purpose
and for local language. If the same interface is required in other side of the
country then existing interface is used with more of less modifications.

The real challenge is to develop globalised software. That means the user
interfaces should be designed to accommaodate
functionality can be used by any user belnnging
Localized user

a generic core functionality. This
. _ to any country.,
interface is useful to only localised market

There are many internationalizatio T
developers. N guidelines that are available for softwar®
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-""'mg activities of user interfy

Lo

; ibe the golden rules for ; nterface desion
i Write short note -LUser- I-HfETfﬁCE‘ desr'gn.

5 Explain the core activilies involved in user jnge tace design pro

cess with necessary block
dg. AU Dec.20, Marka 13
6. Describe the golden rules for designing user mierface design,

7. Explain the three golden ryles of Theo Mandel in yser tierface design.
[AU: Dec 22 Marks 13 ]

Two Marks Questions with Answers

01 State the guidelines for modular design, AU : 1T, Dec.-03 |
Ans. : The guideline for modular design can be given as :

1. Achieve the functional independence,

2. High level of cohesion should be achieved.
3. There should be minimum number of coupling,

Q2 How do you evaluate user interface 7 AU 1T, May-03 |
Ans. : The user interface can be evaluated by assessing the usability of interface and

checking that it meets the user requirements.

* After preparing the preliminary design a first level prototype is created. This
Prototype is evaluated by the user.

Then a formal technical review is conducted.

The feedback of both the above mentioned reviews is given to designer to make
“PPropriate design modifications. 5 |

This evaluation cycle is continued no further modifications are suggested in the
Interface design.

. Brief the importance of user interface. m
Ang, .
1.

2,

An inexperienced user can use the system easily with the user interface,

nother very easily, He can also interact
itch from one task to a SR : s
-.-mhu:;n cay na ;;li:::jﬂns simultaneously. The application information remains

Visible in its own window.
JI‘HEEE_T_CI full screen interaction is possible with user.

\‘\.\_h_________
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Object
ct of software design process and who does it 7 ———

is the design specification. This SP‘-'E'lficaﬁ,:,“
interfaces and COMponeny,

Q.4 What is the work produ -
¢ sign
Ans. : The work product of software ; e :
consists of design models that describe data, ﬂrchlfectunle, e
Software engineers can do it but while designing the complex sy P Syste,
engineers are required.
Q.5 Define the term software architecture.
Ans. : The software architecture is the hierarchical structure of software components a5
their interactions. In software architecture the software model is designed. The structure o
that model is partitioned horizontally or vertically.

Q.6 What are the various models produced by the software design process 7 m
Ans. : Various models produced during design process are -
1. Data design model used to transform the information domain model of analysis

phase into the data structures,

2. The architectural design model is used to represent the relationship between
major structural elements with the help of some “design patterns.”

AU : IT, May-04; CSE, May g

3. The interface design model describes how software interacts within itself.

4. In the component-level design model the structural elements of software
architecture into procedural descri ption of software components,

Q.7 What are the quality parameters considered for effective modular design 7

OR

State different criteria’s applied to evaluae an effective modular s ystem.

AU ¢ CSE, IT, May-08

Ans. : Various parameters considered for effective modu

1. Functional independence - By using function
compartmentalized and interfaces are si

lar desi N are -

al independence functions may be

performs only one thing, £ Modules, In other words cohesive modul®

3. Coupling - Coupling effect u
pling pling EE’EI:I‘FEI}’ Tepresents how the modules can be ”Eﬂ“nﬂted

with other module of with the ;
_ : Outside wer] b o of
interconnection among modyjeg ina program st;uimCDupllﬂE is a measure
Q.8 In what way abstraction differs from refinement i re,

Ans. : Abstraction and refinement arg compleme

- in the abstraction low-leve] details are sy ntary con

; PPressed,
Refinement helps the designer tq elaborate low-]

TECHNICAL PUBLira poer e
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st out atleast four design
GEL 'an principles of a g0od design, AU - 1T, Dec.-06 , May-09, 18
AnS. :

1. The des!g:n process should not suffer from “tunnel vision”.
2, The design should be traceable to analysis model,

3, The‘des.ign should exhibit the uniformity and integrity.
4. Design is not coding and coding is not design

Q10 “Modularlly is the single attribute of the software that allows a program to be

Intellectually manageable” - How this is true 7 &1 - T Diaic. 08

ans. : This 1_5 quoted by Glenford Mayers. Consider that there is a large program
composed of single module, Such a Program cannot be grasped by reader. The control
paths, span of reference, number of variables and overall complexity of such a program
is beyond UI'rdETS’tﬂIldiTlg. On the other hand if the program is divided into certain
number of modules then overall complexity of the program gets reduced. The error
detection and handling can be done effectively. Also changes made during testing and
maintenance become manageable. Hence it is true that “Modularity is the single attribute
of the software that allows a program to be intellectually manageable”,

Q11  What are the types of coupling 7 (Refer section 3.3.7.2) AU ; 1T, May-07
Q12 Name the three levels of abstraction, which are in practice for the design.
|Refer section 3.3.1)
Q.13 What are the steps involved in design stage of a software 7 (Refer section 3.2)
Q.14 What are various supporting documents to be prepared for the software ? Expilain.
ALl ¢ C5E, May-07
Ans.
Stage Software document Purpose of the document ]
T Feasibility report To check the feasibility of the
System feasibility = software development is checked
Baudy in this shage.
g : ' The requirement gathering
virement anal » Software Requirement - err ! !
m s i it AR and analysis is made in this
; project planning Specil decument.
' e Project plan The purpose of this
(it includes RMMM plan also) document is to  identify
- scope of the project, effort
estimation and determine
the project schedule,
P _ The detailed system design is|
t
: F}ﬁjgn Design documen given in this document .
E——L ! !
l--""'—-—-_
‘lq__‘___‘_-_
TECHNIGAL PUBLICATIONS® - an up-thrust for knowledge
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Pi.'ﬂg‘l'-ﬂﬂ'lﬂ Mgﬂﬂthﬂl!: ] .mﬁl.. ik,

. programming languages .=

implemented, i

Test plan, test report This  document s
g contains various test :
b test suits.
Installation Installation manual /user guide ~ This document contain

specific system  require
that are must for installin
software system being
developed. User guide/manuy|
helps the end user to operajs

i EoRS the system. d
Q.15 What is an architectural style ? (Refer section 3.14) AU : CSE, Dec )]
Q.16 What are the types of interface design ? AU : CsE, May.g)
Ans.: Following are the types of interface design.

1. User interface.

2. External interface to other systems, networks and devices.
3. Internal interfaces between various design components.

Q.17 Why modularity is important in software projects 7
Ans. : Modularity is important in software
Modularity reduces complexity and helps in easier implementation. The parallel
development of different parts of the system is

; S possible due to modular design. Changes
E’i}ﬂmﬁ testing and maintenance become manageable and they do not affect the other

AU IT, Dec.-07

projects because of following reasons -

Q.18 Why it is necessary to design the system architecty
completad 7

Ans. : The system architecture defines the
role of hardware, software eople, database
procedures and other system elemens Designing of system ar-:hitp_-ct:uEE 7511[ help the

before specifications are complesed hole. Hence system architecture must be built

re before specifications are

AU ; IT, May-08

teria fo g . .
lead to effective mudulaﬁt}r, r evaluating design method to determine if it will
Refer section 3.3.2 for these criteria,

TECHNICAL D181 tmam o _
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Wn a module that performs a tasks that

led logically cohesive. For such moduyle conten
ith other modules. The content

Software Design

are logically related with each other is

t coupling can be suitable for coupling

: coupling is a kind of coy i .
use of data or contral information maintained % bibinr rnuduplfg when one module makes

.21 What is system design ?
A design i i

ans. : System design is process of translating customer’s requirements into a software
model is created.

pmdllﬂ layout. In this process a system design
q.22 Define data abstraction.

ans. : Data abstraction is a kind of representation of data in which the implementation
details are hidden.

0.23 What is software architecture 7

ALl May 14
Ans. : Software architecture is a structure of systems which consists of various components,
externally visible properties of these components and inter-relationships among these

COMPOnEnts.

Q.24 Define : Modularity.
Ans, : The modularity is an approach used during the designing of the software
systemn. In this approach, the software is divided into separately named and
addressable components called modules. Due to modularity, the program becomes
manageable.

0.25 A system must be loosely coupled and highly cohesive. Justify.

Ans. : Loose coupling is an approach to interconnecting the components in a system or
network so that those components, are less dependant upon each other. High cohesiveness
indicate that module perform only one task. Ideally the components in the system must be
least dependent on each other and every component must perform only one task at

particular instance. Hence it is said that the system must be loosely coupled and highly
cohesive,

Q.26 List down the steps to be followed for user Interface Design. AU : May-15
Ans. : User interface analysis and design can be done with the help of following steps.

| 1. Create different models for system functions.

2. In order to perform these functions identify the human-computer interface tasks.

3. Prepare all interface designs by solving various design issues.

4

5

. Apply modern tools and techniques to prototype the design.
. Implement design model.
6. Evaluate the design from end user to bring quality in it.

027 What are the golden rules for an interface design 7
ARS. : There are three golden rules for user interface design -

[ﬂc& the user in control.
"'\-n.\_h‘_‘_‘_-_-_-_
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E} Reduce the user's memory load.
3) Make the interface consistent.

Q.28 How can refactoring be made more effective 7

Ans. : After careful analysis of design (or code) separate out the components thay can e
refactored. Then refactor them and finally integrate and test them,
Q.29 What architectural styles are preferred -for the following systems 7 Why 5
a) Networking b) Web based systems c) Banking system

Ans. : a) Pipe and filter can be used for networking system. The pipe and filter pattery has

set of components called filters, connected by pipes which transmit data from ong
component to next,

b) The layered architecture can be used for web based systems. In this architecture

* At outer layer : There are com ponent service user interface operations.

* Atinner layer: Components perform operating system interfacing
* At intermediate layer : There are utility services and application software
functions,

¢) The object oriented architecture ca
In this architecture, each ob
and correspond ing operati

n be used for banking system.
ject encapsulates data and o
Ons are performed.
Q.30 What U design patterns are used for the
a) Page layout b) Tables
c) Mavigation through menus and
d) Shopping cart
Ans, :

perations. The objects are identified

following 7

web pages

1) Euinddentall}r cohesive
2} Logically cohesive

3) Temymrnl cohesion
4) Procedural cohesion

5) Cummunicatiﬁnal cohesion

TECHNICAL PUBLICATIONS® S e :
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pifferent

) Data coupling

) Control COUPHng

3) Commen coupling

8 Content coupling

a3l pefing cohesion and coupling.

g Cﬂhfsiun | PL mh:esive module performs only “one task” in software procedure
with jittle interaction with other modules, In other words cohesive module performs
qnly 0ne thing.

Coupling : Coupling effectively represents how the modules can be “connected”
ith other module or with the outside world. Coupling is a measure of interconnection
Jmong modules in a program structure.

033 What is software design 7 ' m
ans. : Software design is model of software which translates the requirements into
fnished software product -in which the details about software data structures,
architecture, interfaces and components that are necessary to implement the system are

given.
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AL May-07, 16,Dec.-09,05.08

Xl introduction to Testing 08.10. May, o

Definition : Software testing is a critical element of software quality ASSUPQY e
represents the ultimate review of specification, design and coding,

angd

The purpose of software testing is to ensure whether the software functions appear g,
be working according to specifications and performance requirements,

Testing Objectives
According to Glen Myers the testing objectives are,
1. Testing is a process of executing a program with the intend of finding an error.
2. A good test case is one that has hi gh probability of finding an undiscovered eTTor.
3. A successful test is one that uncovers an as-yet undiscovered error,

The major testing objective is to design tests that é}rstemarically uncover types of erropg
with minimum time and effort.

Testing Principles

Every software engineer must apply following testing principles while performing the
software testing.

1. All tests should be traceable to customer requirements.

2. Tests should be planned long before testing begins,

3. The Pareto principle can be applied to software testing - 80 % of all errors

uncovered during testing will likely be traceable to 20 % of all program modules.
4. Testing should begin “in the small” and progress toward testing “in the large”.
5. Exhaustive testing is not possible.

6. To be most effective, testing should be conducted by an independent third party.

Why Testing is Important ?

e Generally, testing is a process that requires more efforts than any other software
engineering activity. :
® Testing is a set of activities that can
systematically,
- If it is conducted haphazardly, then only time
errors may get introduced,

be planned in advance and conducted

will be wasted and more even WO

R
TENLIAAS AP P s o e —
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W Why does software testing neeg

g errors.

: achivity, yet it is essential to perform testing
rigorously especially in systems where human safety is involved,

2. Testing requires the

difficult for developers to Point out errors fro

orgamizations have made distinction

developers to find errors from their software. But it is very

m their own design or code. Hence

between development and testing
for each phase,

many
phase by making different People responsible

The testing is performed on PTOgram's response to every possible input. That
means, we should test for a])

valid and invalid inputs. Although practically
testing each and every input can not be tested, the

important cases of valid and
invalid inputs must be testad.

% Another aspect of testing is for execution of all possible paths of
program path can be traced through the code from the start
program termination. Although it is just difficult to test each

program. A
of the program to

and every path of
the program, it is expected to test those areas where probability of ge

tting a fault
is maximum,
Thus organizations should develop strategies and policies
techniques which requires extensive planning,

w Distinguish among Error/Fault/Failure,

OR

Distinguish befween software fault and failure.
lution : Errar 2

“¥stern uger,

for choosing effective testing

AU : CSE. Dec.04. Marks 6

ALl = fEi;., I']m':.-DE- T'l'jnll:l-li Z
It is a state that can lead to a system behaviour that is unexpected by

the

Fault: It is 5 characteristic of a software system that can lead to system error,

Failure ; 1t is an event that occurs at some point in time when the system does not
liver 5 Service as per user's expectations.

Distinguish between defects and errors. ; .
Buluﬁun  Eithrdi o g’f::e that can lead to a system behaviour that is unexpected by the system
Usgy | technical reviews to test the software developed.
b software team performs the forma

'STeview errors are identified and corrected.,
ANy errorg that remain uncovered and are found in later tasks are called defects, Error

WAl & bt development activity and defect removal is a software quality
d
Srance activity,

"“‘xh.\h____‘__

TEGHMNCAL PUELP:&THTIME'&- an wp-fhrast for knowledos
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' il 1
When do you stop testing 7 Justify your anstwer with two lllustrations
All : CSE. :'rhh.'-{}? ."-'1i|r|.

Solution : Testing is a complex activity in the software systems. Itis Ea'fl that testin, .
endless process and complete testing not possible for almost all the projects, By ther,
some common factors that are required to decode when to stop testing,

1. When the testing cost is increasing and if it is more than the project cost they, itie
enough to test. ~

2. If the project deadline and testing deadline is already crossed.
3. After completion of critical or key test cases one can stop testing.

4. If the project is meeting functional coverage, code coverage or satisfying the client
requirements at some point.

5. When high priority bugs are resolved and defect rates fall below certain specified
level.

6. When project progresses through alpha and beta testing,
For example :

Case 1:

In the development of Windows operating system the Internet Explorer is a famous
web browser that we use. There are many security patches

: that need to be applied. Some
patches are already introduced with newer versions of operating systems. But still this
product specially shows how testing is an endless process.

Case 2:

For sorting a list of elements typical test cases can be -

Test case name -Expentnd result
Testing unsorted list. 1.2.3 |
Testing when equal elements are present, Ii 2' 3
Testing empty list, s

T Print message “Listis empty”.
B8 0 Testing with negative g ————— b

-'5:'_'5‘,‘] i

1. Th
> tﬁmr_mu“ be able to understang e Softw 2 ition &
find out high probability errors are. He should be in a positi

AL D T —
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; The tester must not conduct two different tests for the same purpose.
5 The tester must be able to write simple test cases,

4, The tester should conduct the tests which should have highest likelihood of
uncovering errors.

mmumat and External Views of Testing

There are two views of the testing, The internal view and external view. The internal
iew is also known as white box testing and the external view is also known as black box

estiTig-
1. Black box testing

The black box testing is used to demonstrate that the software functions are
operational. As the name suggests in black box testing it is tested whether the input is
accepted properly and output is correctly produced.

The major focus of black box testing is on functions, operations, external interfaces,
exiernal data and information.

2 White box testing
In white box testing the procedural details are closely examined. In this testing the

internals of software are tested to make sure that they operate according to specifications
and designs. Thus major focus of white box testing is on internal structures, logic paths,
control flows, data flows, internal data structures, conditions, loops, etc.

B8l Black Box Testing
ALl : May-(
* The black box testing is also called as behavioural testing.

* Black box testing mgmuds focus on the functional requirements of the software,
Test sets are derived that fully exercise all functional requirements.

V7 12 15.16.17,19.22, Dec.-03,04.11.13.15.16.20. Marks 16

* The black bnx testing is not an alternative to white box testing and it uncovers
different class of errors than white box testing.

"y to Perform black box testing 7
Slack box testing uncovers following types of errors.

L Incorrect or missing functions 2. Interface errors

3, Errors in data structures 4. Performance errors

3. Initialization or termination errors

“‘-\-‘-"I-n_-___-_-_ = e
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Equivalence Partitioning Input set

It is a black box technique that divides the
input domain into classes of data. From this
data test cases can be derived.

* An ideal test case uncovers a class of errors
that might require many arbitrary test cases to
be executed before a general error is

observed,
* In equivalence partitioning the equivalence ~ System
classes are evaluated for given input
condition. Equivalence class represents a set
of valid or invalid states for input conditions.

* Equivalence dass guidelines can be as given

o
below : o & o
. 0 Oan
» If input condition specifies a range, one
valid and two invalid equivalence
classes are defined.
Output generated
= If an input condition requires a specific Fig. 4.3.1

value, one wvalid and two invalid
equivalence classes are defined.

= If an input condition specifies a m

ember of a set, one valid and one invalid
equivalence class is defined,

For example :
Area code : Input condition, Boolean - The area code ma

Input condition, range - Value defined between 200 and
Password : Input condition, Boolean - A

Y Or may not be present.
700,
Password May or may not be present.

Input condition, value - Seven character string,

Command : Input condition, set - Containing COmmands noted before.

w Describe black box testing, Design the black-box test sy for the following

I L pgnng computes the intersection point of two strgioht lin di s the
result. It reads fwo integer pairs (t,, ¢,) and (m., c,) o es and display

defining the tpo straight lines of the
formy'=mx+ec
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gtion ; Black box testing : Refer section 4.3,

The equivalence classes for given program are as follows :
1) Parallel linesif m, =m,, ¢, # ¢,

7) Intersecting lines if m, # m,
3) Coincident lines if m1 =m,, ¢, = ¢,

The representative values can be selected from each equivalence class.
Thus the test suit obtained can be

(5.5)(57)

(7, 10) (8, 12)

(15, 15) (15, 15)

IEE] Boundary Value Analysis (BVA)

Boundary value analysis is done to check boundary conditions.
A boundary value analysis is a testing technique in which the elements at the edge
of the domain are selected and tested.

Using boundary value analysis, instead of focusing on input conditions only, the
test cases from output domain are also derived.

Boundary value analysis is a test case design technique that complements
equivalence partitioning technique.

Guidelines for boundary value analysis technique are,

If the input condition specified the range bounded by values x and v, then test cases

should be designed with values x and y. Also test cases should be with the valyes
above and below x and y.

2 If input condition specifies the number of values then the test cases should be

"‘\-..____________

designed with minimum and maximum values as well as with the values that ake
just above and below the maximum and minimum should be tested,

If the ml—Put condition gpeciﬂed the range bounded by values x and ¥ then test
cases should be designed with values x and y. Also test cases should be with the
Values above and below x and y.

If output condition specifies the number of values then the test cases should be
designed with minimum and maximum values as well as with the values that are
just above and below the maximum and minimum should be tested,

I the internal program data structures specify such boundaries then the test cases

:l:uat be designed such that the values at the boundaries of data structure can he
sted,

TECHNICAL PUBLICATIONS™ - an up-thrust for imawledgs
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For example :
Integer D with input condition [- 2, 10],
Test values: -2, 10,11,-1,0
If input condition specifies a number values, test cases should developed tq exercig,
the minimum and maximum numbers. Values just above and below this min ang My
should be tested.
Enumerate data E with input condition : {2, 7, 100, 102}
Test values : 2, 102, - 1,200, 7

SEWEERW]Y Find the boundary value test cases for the following :
If x is less than level 1 go to 100 else 200,

Lfyiﬁgrfntarlhauimef.?gumiﬂﬂe!se‘iﬂﬂ, ' m

Solution ;

Sr. No. Test case name Testdata Expected result |

1. Testing lower boundary of x If x = level 0 £0 to 100

If x = level 1 g0 to 200

2.  Testing upper boundary of x Jfx = level 2 or more go to 200

3. Testing lower boundary of y Ify =level 1 or level 0 g0 to 400

Ify = level 2 £0 to 400

E_i - Testing upper boundary of y If y = level 3 or more g0 to 300

SEEEREY Desion a black box testing for an under watey submarine.

Solution : Inside submarine there are containers
air then, the submarine will flpat otherwise, if
submarine will sink.

called ballast tanks, If ha]|ast tanks are full of
Wwater is pumped into the ballast tank then

necessary to fill up ballast tank with water-

The Sllbmﬂn'ne will ﬂﬂﬂf, sink Or rise b}f adjus.ﬁng water and air lE'E-"El s i:lallasl: ‘t'al'lj'f.. ThE

rudder of submarine is turned left or right.

e 'E__.. _-_-_-_-———-_._____

8r. Test case LR
o 2 | Expected result

fi'= . ; _-_-_-_'_'—-—-_.___

e The ballast tank is filled with atr - Tiws

above threshold level, Willfloat on the surface of water.

2. The ballast tank is filled With water It wip & e
: % with water above threghld. wa‘-:::L E:nk under water by letting 5 5
: Fin is centered.




. Py
V__—__\_\EE:WMTHWWMW

Rt
Dim:ﬁmge’ca changed,
te
Creating adequa amount of oxygen The water is separated out as and O
releasing oxygen

m‘d PTog m _] ; sinte f-‘lﬁe_foﬂmuiug for an inpus field : The program shall accept
an input valuie of 4-digit integer equal or greater than 2000 and less than or equal 8000,

Determine the test cases using.
b i) Equivalence class partitioning. ii) Boundary valye analysis, AU : Dec.-15, Marks 16
W; i) Equivalence class partitioning
We can have set of test cases which are based on input domain
I; = [Integer <2000
I, = [ Integer = 2000 }
I; = [Integer > 2000 and < 8000 |
I; = {Integer = 8000 )
Iy = {Integer > 8000 |

The test cases are

) Boundary Value Analysis :
Mbﬁﬂmdary values can be,
') Less than 2000
') Greater than and / or equal to 2000
m”-\‘-‘ﬂﬂthanandfﬂreqllﬂl to 8000

¥) Greater than 8000.
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Testcase Integer Expected output
1 1000 Invalid input
2 2000 Valid input
3 4000 Valid input
4 BO00 Valid input
) 9000 Invalid input

Example 4.3.

Consider a program for determining the previous date, Its inpul i5 a triple of day,

month and year with the values in the range 1 month 12, 1 day 31, 1990 year 2014. The

possible outputs would be previous date or invalid input date. Dt‘ﬁiirl the bamm’aﬁ value

test cases.
Solution : This program takes current date as input and returns previous date as its output.

There are three variables for the program - month, day and year. Hence there would
be 4n + 1 = (4 x 3) + 1 = 13 test cases that can be designed. The boundary value test cases

' are.
F -
Test Case Maonth Day Year Expected output
1 5 16 1990 15 May 1990
2 5 16 1992 15 May 1992
3 10 1 1995 30 September 1995
4 4 15 1985 Invalid date
¢ ;i = 2001 1 July 2001
B
3 2 2003 10 March 2003
7 3 29
g 2005 28 March 2005
B 11
£ 12 2007 11 November 2007
1 11 1
g : . 14 November 2008
: I 1 15 sz 141 .
£ Anuary 2008
6 17 2010
; 12 8 —-—-—._._____'“51'-11\__________1.'iﬂ_1£___
; 16 2014
. — 15 August 2014
b._ A B 16 _-;;.1_;_'_""'_‘—'—-—-—-—-—-__
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W Given the requirements for an Automated Teller Machine (ATM) system
e below), design the following :
j) Use case diagrant. 1) Activity diagram detailing each use case.

i Lot ek - oanes for any one functionality from vyour use case diagram.
The ATM will service one customer at a time. A customer will be required to insert an ATM
card and enter a Personal Identification Number (PIN) - both af which will be sent to the

pank for validation as part of eacht transaction. The customer will then be able to perform one
or more transactions.

The ATM must be able to provide the following services to the customer !
A customer musk be able to make o cash withdrvawal from any suitable account linked to the
card, in multiples of $20.00. Approval must be obtained from the bank before cash is
dispensed.
A customer must be able to make a deposit to any account linked to the card, consisting of
cash andfor checks in an  envelope. The customer will enter the amount of the deposit into
the ATM, subject to manual verification when the envelope is removed from the machine by
an operator. Approval must be obtained from the bank before physically accepting the
envelope.
A customer must be able to make a transfer of money between any two accounts [inked to the
. card,
A customer must be abie to make a balance inguiry of any account linked to the card.
AL : May-19, Marks 15

Solution : i) Use case diagram

Pl axtension
: paint
<zinclude== e o

Trans-ﬂ_v:rﬁt:ln




ii) Activity diagram —
Customer ATM Systam Bank |
gt
( Roqusstfor PIN :]
( EnerPin ) o vaidate PIN )
’ 5 [Transacton] [Walid PIM] ‘/*\ [malicl PIM]
([ swect winarawat }e : - <’
.L“'-_._. baanching
,( Chack Account
B NE TSN
- Aumaunt] /*\_ [Balance<=Amount=500]
v

1 Dﬂh“l‘#ﬁqﬂmt I

ohject with
change in state

O

Flg. 4.3.3 Activity moda|
iii) The list of test cases is as follows -

Cash withdrawal operation

1) Machine does not accept the card ag card

is expi
2) User enters wrong PIN. o0
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3) Verify that user is presented with different account type options like - saving,
current etc.
4) Verify that user is only allowed to enter amount in multiples of denominations
as per the specifications,
5) Verify that user is prompted to enter the amount again in case amount entered

is not as per the specification and proper message should be displayed for the
same.

6) Verify that user cannot withdraw more amount than the balance.

pMoney transfer from one account to another
1) Verify that the correct selection of the choice of transfer money from Menu.
2) Verify that the sufficient amount is present in the source account.
3) Verify that the correct account number is mentioned for transfer of amount’.
4) Verify that the correct amount is mentioned for transfer.
5) Verify that other account is linked to the card.

review Questions

1. What is black box testing ? Explain the different types of black hox testing strategies. Explain
by comsidering suitable examples, AU : Dec.-16, Marks 16

L How do you test boundary conditions ? [ THEN IR TN T

3. What is boundary value analysis 7 Explain the technique specifying rules and its usage with
the help of an example. m

4. Describe the various black box and white box testing techmiques. Use suitable examples
AU : May-15. Marks 16

Your explanation. .
5. Explain equivalence partitioning technique with suitable example, AU : Dec.-20, Marks 13
: _ . lysis.
_E-____'f_ﬂa’_:fh suitable example, explain boundary value analysis ]
m“'hitn =LV CYTTM AU May-04.07,08,15.17.18.19. Dec.07.11.13,14,16.17. Marks 10

* The white box testing is also called as structural testing.
* In white box testin g derivation of test cases is according to program structure.
HE'II(-E knnwledge of the Pn]gram is used to idEﬂtif}’ additional test cages.

" Objective of white box testing is to exercise all program statements,

m Condition Testing

* To test the logical conditions in the program module the condition testing is used.
condition can be a Boolean condition or a relational expression.

¢ condition is incorrect in fl:rlluwin,g_sihﬂhﬂﬂﬂ-
) Boolean operator 15 incorrect, missing or extra.

i) Boolean variable is incorrect.
\\h‘-‘-‘_ﬁ_‘_‘_ AT FL.ELIMWHS,- a7 Lp-tirest for knowieoge
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iii) Boolean parenthesis may be missing, incorrect or extra,
iv) Error in relational operator.
v) Error in arithmetic expression.
* The condition testing focuses on each testing condition in the program.
* The branch testing is a condition testing strategy in which for a compound condition,
each and every true or false branches are tested.

* The domain testing is a testing strategy in which relational expression can be tested
using three or four tests.

Loop Testing l

Loop testing is a white box testing technique which is used to r—
test the loop constructs. Basically there are four types of loops.
1. Simple loops :

The tests can be performed for n number of classes,
if,
i) n=0 that means skip the loop completely.
ii) n=1 that means one pass through the loop is tested.
iif) n =2 that means two passes through the loop is tested. Fig. 44.1 Sangle loop

iv) n=m that means testing is done when there
are m passes where m <n.

v) Perform the testing when number of passes
aren—-1,n,n+1.

i

Z. Nested loops :

The nested loop can be tested as follows.

i) Testing begins from the innermost loop first,
At the same time set all the other loops to
minimum values.

ii) The simple loop test for innermost loop is
done.

iif) Conduct the loop testing for the next loop by
keeping the outer loops at  minimum values
and other nested loops at some specified value,

iv) This testing process is continued until al] the
loops have been tested.

Fig. 4.4.2 Nested locp®




Fig. 4.4.3 Concatenated loops
4. Unstructured loops :
The testing cannot be effectively conducted for unstructured loops. Hence these types
of loops needs to be redesigned.

|

Fig. 4.4.4 Unstructured loops

"‘\.,_‘_h________

TECHNIGAL PLBLIGATIONS'™ - an up-thsal for knowledte
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Basls Path Testing 1 -

Path testing is a structural testing strategy. This method is intended to exerqig,
independent execution path of a program atleast ﬂl‘lﬂE | .

Following are the steps that are carried out while performing path testing,

Step 1 : Design the flow graph for the program Or a component.
Step 2 : Calculate the cyclomatic complexity.

Step 3 : Select a basis set of path.

Step 4 : Generate test cases for these paths.

Let us discuss each in detail.

Step 1 : Design the flow graph for the program or a component.

Flow graph is a graphical representation of logical control flow of the program, Such
graph consists of circle called a flow graph node which basically represents one OF More
procedural statements and arrow called as edges or links which basically represen;
control flow. In this flow graph the areas bounded by nodes and edges are called regions
Various notations used in flow graph are

ET]F

) Statement 1
Sequence

[ ) Sttement2

True
If- glzse
while
True
False.
Vhile

EI“




m,dsmmmﬂw-'ﬂaﬂdng

F[If EIMP]'E : Fﬂl]ﬂ“’iﬂg Pl‘ﬂng]-alrn is
raw a flow graph for the same,

D
%mtknmlﬂn.ﬁalﬁ
e}

int mid;

3) while (bottom < =top)
§) {mid = (top + bottom) / 2
5) if (2 [mid] = = key]

{
§) printf (Element is presant”);
7) returmn;

)/ end of if

else

1
B if {a jmid] < key)
9) bettom = mid + 1:
alsa
I} top = mid - 1;
} i/ end of else
i end of while
11} } // end of search

The flow graph will be

bottom = top

4-17

Software Testing and Maintenance
for Searchi
ching a humber using binary search

3 while bottom <= lop

S

Fig. 44.6

ragions

TECHNICAL FUBLICATIONS™ - an up-thrust for kniowdedga
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Step 2 : Calculate the cyclomatic complexity. '
The cyclomatic complexity can be computed by three ways.
1) Cyclomatic complexity = Total number of regions in the flow graph =4 (note 4., in
above flow graph regions are given by shaded roman letters).
2) Cyclomatic complexity = E - N + 2 =13 edges — 11 nodes + 2
=2+2=4

3) Cyclomatic complexity =P + 1 = 3 + 1 = 4. There are 3 predicate (decision making)
nodes : Nodes 3, 5 and 8.

Step 3 : Select a basis set of path.
The basis paths are
Path1:1,2,3,4 56,7 11
Path2:1,2,3 11
Path3:1,2, 3,4 5,893 ...
Path4:1,2,3,4,5,8,10,3 ...

Step 4 : Generate test cases for these paths,

After computing cyclomatic complexi

ty and finding independent basis paths, the test
cases has to be executed for these paths.

The format for test case is -

Preconditions :
FT&H Test Test case Test steps Tost case
| case id case description status P"-Ii‘::ftl:r m
: ol (Pass/Fail)
Step Expected Actual
1
’ o
e '.Z:;,r"‘ & ;-:_'
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: » the flowchart, floweraph,
CERRORTIRY v o for sring o n e 0 1 e
out the cyclomatic complexity.

Solution :

3.
4 int jtemp;

5. printf™n\t\t Bubble Sort\n®);

6. printi{™n How many elements are there?):
7. scanf("%d".&n);

8. printi"n Enter the elements|n");

3. for(i=0ji<n;i+ +)

10. scanf{"%d"&Ali]);

11. for(i=0;i<=n-2;i++)

12.{

13. for(j=0j<=n-2-ij++)

14. {

15. if{Alj]=>Al+1])

y [ |

17. temp=Al|; Ll :

18.  Aljl=Alj+1]; ;
19. Alj+1]=temp; . :

m. } > ...'. :

21} T
=y S iy W
23. primtf{"\n The sorted List is ..\n');

W

o oo graph for above PIOgram is as shown in Fig. 447 (See Fig. 4.4.7 on next
page)

EERTIYWRY Givern a set of number

; s 'n’, the function, Fing Prime(af |
it is @ prime number. Draw a control :

enumerate all paths. State how marny

terms of branches, decisions angd
oalues for 'a’and 'n’.

n) prints a number - if

he cyclomatic complexity ;:r;ﬁf
fest case-s are nepded to adequately cover the code ™
statement ? Devemp the NECessary test cases using sam

4
|
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ar P+
=8+1
=T

The pradicate nodes P
are .10, 11, 13,15, 21.

Thus the cyclomatic
complaxity is T,

O-@-0-6-0-0-0-0-0-0-0-0-0-€

15
(15)
8
.: I;..I."

Fig. 4.4.T

thﬂﬂ&‘-mwrﬂfw

e B T
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Solution :

Void Find Prime (int &[], int n)

{
1. i=0

2. while (i < n)

3 flag=0
4 =2
. & while (j < a[i])

6.  rem = ali)%
7. if{rem = =)
L {
8 Bag = 1 ;
8, break :
}

10, j++

11. -} /fend of while
12.  if(flag = = )
13, Print  (* %d", afi));
14 44

15 }ifend of whils G
}ﬁmdufﬁmcﬁm‘
Theﬂnwgraphw]ﬂbe {EEEF
NumberﬂfedgesEr:iﬂ
Number of nodes 1 = 15

Cyclomatic complexity =E _ N 4 5

=~20~15+7
=7
Eililﬂtrdpnﬂl:
Paﬂ‘I]:I,E,S,d,E,... 15
Path2:1, 2,15

hmslzaisﬁ?m 15
Path4:1,53 4 5 11, 12,13 ... 15
Path5:1,9 3 12,14, 15
Path6:1,9 3 4511,12,14 15

1g. 4,48 ﬁn next page)

Pﬂth?- lrzrartLJ
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Test case :
Pre condition : i) a[ ] stores number to be tested.
ii) j denotes any number within a range to test divisibility,
Tut case id Test case name Deseription ! Step Test m;;';lhl:
1. Divisibility by remainder is zero rem =a[i] % | |
other number when numberin a[ ]is wherej<n
divigible by other than  if (rem ==0)
1 or itself set flag =1
If (flag ! =D)
then
"WNumber is not
Prime"
2. Divisibility by 1  remainder is not zero  rem = afi]%j P
or self when number in a [ ] is where j<n
not divisible by a it (rem ! = ()
number other than 1 or  set flag = 0
self if (flag = 0)
| thien
R "Number is Prime"

m Given a set of 'n’ numbers, write an algorithm that finds whether the given
number is positive, negative, zevo, even or odd. Finally, the total number in each category is

ﬂl{ﬁﬂ pﬂ‘”tfd. I]T:ﬂw the il':d]ﬂ.:' Smlph ard eHurtieTale ¥
- . paths for testing. Determi
imdependent paths using cyclomatic complexity, f 8 wf iine the number

Solution : Step 1: We will first write an algorithm using 'C’ code
void matn()
{
Lintal}={10,-4,1,7 86,4}
2inti ;
3. int nz, np, an, ne, no;
. 4mepps=mn=ps=no=0
| Bl Gi<miss)
{ :
8. liafi] = = 0y
T nEd number of zaros */
B, alseif{ali]>0)
2. np++;/* nomber of positive numbers *

10, alag
11, no++;* number of negative numbers */
}

T-EGHMEA'L Pl'-"Ell.l"ﬂu'ﬁTﬂ]NS'@-an EABRvr sl fer Eoae e o - I ——
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m; i<n; i+ +) R 1L
| r VR
13- ﬁa[ﬂm " Dj & Ak
14 na++;
15, else@ S
16. no++;
}

y7. printf ("Number of zeros %d", 2l
18, printf (Number of positive %d", np);
19. pmttf {"Number of negatives %d". AR
20. printf (Number of even %d", ne):

21. printf ("Number of odd %d", no);

} ; .
Step 2: We will draw the flow graph from above code. It iﬁ T m—
(See Fig. 4.4.9 on next page.)
Step 3: Some of the independent paths for testing are -
Pathl: 1,2,3,4,56,7,5, 12, 13, 15, 16, 12, 17, 18, 19, 20, 21,
Fath le: 1.2,3,4,5,6,8,9,5 12,13, 15,16, 12, 17, 18, 19, 20, 21.
PathIll: 1, 2 3, 4,5, 6,8, 10, 11, 5, 12, 13, 15, 16, 12, 17, 18, 19, 20, 21.
PathIV: 1,2 3,4, 5,12, 17, 18, 19, 20, 21.
Step 4: The cyclomatic complexity can be computed as follows -
Method 1 : Number of edges (E) = 25
MNumber of vertices (N) = 21
Cyclomatic complexity = E-N+2
= 25-21+2
= b
Method 2 : The total number of regions in Fig. L4220,

Hence cyclomatic complexity = 6. |
Naote that the area outside the graph is also treated as one region. Hence VI is

marked as a region, along with all other closed loops.

Method 3 ;: Number of predicate nodes (F)=3

Because node 5, 6, 8, 12, 13 are predicate nodes

& Cyclomatic mmplexit}" = P+1

= 5+1
- b

is 6.

Thus the cyclomatic complexity

\—— __._.—-——-—-—'—';_'m?mmmm
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M Consider the following program segtent
pum 18 the number the :

Mctio :
it bin_search (int num) Junction seatches in ¢ presorted integer array arr’/

:,,, min, max; min = 0; max = 100;

while (min! = max)

if (arr[min + max]/2) > num

max = (min + max) /2;

else if (arr[(min + max)/2]

min = (min + max)/2:

else return ((min + max)2);

|

return (- 1);

|

i) Draw the mﬂtrm.’l flow graph for this program segment,
i) Define cyclomatic complexity.

iii) Determine the cyclomatic complexity for this program. Show the intermediate steps in

your computation. Writing only the final result is not sufficient.
i AU : Dec.-17, Marks (2+2+9)

Salution : i} We will number the program statements as follows
Bt hin_search (int num)
{
1) int min, max; min = 0; max = 100;
% while (minl = max)
%) #{arrfmin + maxi/2) > num
Y max = (min + max) /2;
*) else if (arrf(min + max)/2]
Win = (min + max)/2;

y 5ot i+ ma)2)

b4
e
The Cﬂﬂtml Flow Graph(CFG) is as follows - (Refer Fig. 4.4.10)
ii) Cyclomatic complexity : The c;,rclﬂmatic complexity is d_eﬁned as the number of
independent paths in the basis set of programs that provides the upper bound for
the number of tests that must be conducted to ensure that all the statements have

) been executed atleast once.
mjcydﬂmatic cﬂmpleﬁrjr = E— N +2= 14 i g'": =/

Total number of regions =7

I. \N\‘—-—-_ e SR ST L T TS LY
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~—T-Region Vi

Region VII

Fig. 4.4.10

m Design test case for the following program :

GCD(X,Y); if X =Y, then X
else if X>Y, then GCD(X-Y.Y)
else GCD(X,Y-X)

end if

end if m
Solution : The typical format of writing the test is as given hel::-w '

Frecondition : If any precondition js required then mention it

——

Testing steps

Step  Expacted Actya|
- result result

B Lt §
~ZEr0 numbe ;
value. ™5 should be entereq for obtaining the GCV

TECHNICAL Pisar smamm
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r”"'r_].*;t Test case '\\_&mmwsﬁng e Maintenance
st case description Testing Steps e b
T - oy
| Stp  Expected Actual .
| result
T“; _y [fthevalue W
i of boththe  fyq o
ue of
' numbers ig numbers X
G, such
that
' X=Y,
) XY If first Enter el
| number is two recursive
!_ greater than  numbers routine by
thesecond  such setting
one. that X=X-Y
value of  and Y as it
Xis>Y. is
3 X<y If first Enter Call
number is two recursive
less than the  numbers routine by
second one.  such setting X
that as it is
valueof and
""c-a_____ xX<Y,

T=Y-X.

% What are the attributes of a “good” test ? Eaplain the test case design.

:: E":FF, I'l-'!'._:u_,,-

;
Mion ; Attribe tes of “good” test : _
L .Fit‘ldi-l'lg high probability errors should be the goal of testing. For that Purpose it js
Necessary to understand the software. The developer must have a judgement of

3,

“here the software might fail.

test is not redundant. That means two different tests must not be conducted
for the same purpose. |
A 890d test is said to be “best of breed”. The test should have highest likelihoog

N of Um:m-eﬁng ETrors.
T o £90d test must not be too simple not too complex.

-08, Marks 10

\%T—l : Refer section 4.4.3.

e wa.mmhm

—

— ——
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= '- " ‘ Vi
E;!;_.Jmpn- WWRT Cocider the pseudo code for mmpjg subtraction gmm below ; ’:—_*""
1) Program ‘Simple substraction’ B " ;_,__,___E
2) Input (x, y) : 5 :E
3) Output (x) g
- 4) Output (y) : . h *t
5) If x > y then DO Vi
ﬁj xX- y= z ! ; :
7)Elsey-x=2z .
8) Endlf
9) Output (z)
10) Qutput “End Program”

Ferform basis path testing and generate tes! cases

AU : Dec.-16, Marks 10, May-17, Marks 6; May-18, M
Solution : Step 1 : We will first draw the flow graph for given
pseudo code. This flow graph is as shown in Fig. 4.4.11.

Step 2 : We will compute cyclomatic complexity using

following formula=e -V + 2

where e is total number of edges, V is total number of vertices

9043 = 2
Now we will find two independent paths for basis path
testing.
Step 3:

Path 1

2-3-4-5-6-8-9-10
Path2 = 2—3—4—5—?—5_9 -10 -
Step 4 : The test cases for ﬂ'lES‘rEFaH'lSare as given below

T e

XV Expected Resur (g
19 [l _5-_-_-_-_-_-
End Program
5 10 5
End Program
5 3 _-___-T_-_-_-_-_.
B End Program

Fig. 4.4.11
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ole 4.4.8 Write a procedure for the following : Given three sides of a triangle, return the

of triangle i.e. equilateral, isosceles and scalene triangle. Draw the control flow graph
and calculate cyclomatic complexity to calculate the minitum num

ber of paths. Enumerate
e paths 10 be tested. m

golution : Step 1 : We will write the procedure for findin g the type of triangle. Each
portant step is numbered so that we can draw the flow graph in the next step
{
{;ﬂ a b, ¢, status = 0;
printf ("t Enter side a :");
(5} scanf ("%d", & a);
(5} pintf("nt Enter side b :"); : x
(1) scanf ("%d", & b);
{g) printf ("nt Enter side c:");
{5) scanf ("%d", &c);
(10)if ({2 > 0) && (2 < - 100) &8 (b > 0) && (b <. 100) && (c > 0) && (c < =100)) {
(H}if{(a+b)>c)&& ((c+a)>Db) && ((b + c) > a)) |

(12) status = 1;

(13)}

(14}}

(15} else {

(16} status = -1

117}

(18)if (status = = 1) {

18)if ((a = =b) &8& (b = =c)) {

E?;Tn'nﬂ ("Triangle is equilateral™);

E}B&eirf{ann}} I{b==c)ll{c==a}{
mi:ﬂnt ("Triangle is isosceles”); !

146 Drilllﬁ["TriangI-er is scalene”);



|
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Step 2 : Now the flow graph is designed as follows - ——\\ |

OO0 -0-0C
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iep 3 ¢ The Decision to Decision path(DD Path) is drawn from the above flow graph.
i this graph we only concentrate on decision nodes, the sequential nodes are combined

gelher into one node. The DD path graph is as shown below -

Surp 3 Cnm]:utlng the cyclomatic complexity as follows -

F"['!ﬂ'md 1 :C}F'Elﬂlﬂﬂti:f mmplexil’}' =EFE =N +2 where E iz numht‘r of E’dEEE and M are
mxﬂberﬂfﬂﬂdes.

23-18+2
= 7
P +1 where P is a predicate node

6+1whereb, ¢, g h,jand n are predicate
= 7

M
“hod 2, Cyclomatic complexity

nodes

i PUBLICATIONS® - an up-trust for knowiedge
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Method 3 : Cyclomatic complexity = Number of regions +1
= 6+1
=7

Thus the cyclomatic complexity is 7

Step 4 : The independent paths to be tested are -
(1) abfgnpgr

'{1] abfgnoqr

(3) abcegnpqr

(4) abedegnogr

(5) abfghimgr

(6) abfghjkmqr

(7) abfghjlmqr

Heview Questions

1. What is white box testing ? Explain,
2. Explain how the various types of loops are tested.

Taating Strategies AL : May-05, 06, 22, Marks 16
* We begin by “testing-in-the-small’ and move toward ‘testing-in-the-large’.
* Various testing strategies for conventional software are

ALl : May-17, Marks 7

All : [}l-q:, 17, Marks ]

1. Unit testing 2. Integration testing
3. Validation testing 4. System testing

1. Unit testing - In this type of testing techniques are applied to detect the errors from
each software component individually,

2. Integration testing - It focuses on issues associated with verification and progra™
construction as components begin interacting with one another
3. Validation testing - It provides assurance that

(established during requirements analysis)
performance requirements,

the software validation critefi?
meets all functional, behavioural and

4. System testing - In system testing all s
ystem elements . . pested
as a whole. forming the system is t€5
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Software
developmant stages

e

= | Bystem enginsering

|

Reguiremants

= | Dlesign

# ifference between black box testing and White box testing

= | Coda

Fig. 4.5.1 Testing strategy

Black box testing

.\'ﬂ1 ite box testing

Black box festing is the software testing
method which is used to test the software
without knowing the internal structure of
code or program.

. being known o fester who is going to test

White box testing is the software testing
method in which internal structure is

the software.

This type of testing is carried out by testers.

out by software developers.

Generally, this type of testing is carried

Implementation knowledge is not required
b carry out black box testing.

Implementation knowledge is required
to carry out white box testing. :

Programming knowledge is not required 0
arry out black box testing.

Programming knowledge is mqukwd;lp
carry out white box testing. 9

applicable on higher levels of

" Testing is applicable on lower level

=

Testin § ; :
E is testing like unit testing, lIl-l;Esﬂl
fning e systemtesting, 9COPC L e
beﬁ'tlng_ PR
_-_-_._-_-_-_.—-—-_-_-_
i‘\\ -_-Hﬁlﬂmﬂ:ﬂ-mwmw
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: tional test or ~ White box testing mm
s Black b;n;it:it;ng means functio i ok o
] extemna
i White box testing can bem“'*\
7. Black box testing can be started based on il ot Armatoe bi%ﬂm
requirement specifications documents. e
g, The functional testing, behavior testing,

close box testing is carried out under black
box testing.

The Structural testing, l“ﬂw
testing, loop testing, code {wm_
testing, open box testing is caprjy -
under white box testing,

Review Question

' 1. Explain the various levels of software testing with suitable examples.

—_—

Unit Testing
* In unit testing the individual components are tested independently to ensure their

quality.

]

AU : Dec.-06,08.15, May-03.,09, Marks 14

* The focus is to uncover the errors in design and implementation.

* The various tests that are conducted during the unit test are described as below.

1. Module interfaces are tested for prop
program.

er information flow in and out of the

2. Local data are examined to ensure that integrity is maintained.

3. Boundary conditions are tested to ensure that

the module operates properly

boundaries established to limit or restrict processing,

4. All the basis (independent) paths are tested for ensuring that all statements I

the module have been executed only on
5. All error handling paths should be teste

ce,

d.
Things to be tested
Source program
T
o = i T S
P "
[Module| o tinterfaces M\
p ]
ki ,.:--"" o be — kﬁwgf \ Generating
L} = '
Inm;::lr.a; e | * Boundary condition
i [ - " Indepandent path ;r'
e 'i. E.r 4
¥ rror handling paths s
. = - i = -___.-"*

Flg. 4.6.1 unj
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md stub software need to be developed to test incomplete software. The

udriver” is @ program that accepts the test data and prints the relevant results.
And the “stub™ is a subprogram that uses the module interfaces and performs
the minimal data manipulation if required. This is illustrated by following

Fig- 4.6.2.
Drtwer = “Interface .
: i ¢ Local data structures %,
: Boundary conditions
: 1 LY Indepandent paths ’
l Module T:! x *« Ermor handling paths - 5
= b TR L =

Fig. 4.6.2 Unit testing environment
7. The unit testing is simplified when a mmpﬁn&m with high cohesion (with one
function) is designed. In such a design the number of test cases are less and one
can easily predict or uncover errors.

Hlmﬂgmﬂnn LCELOTR AU : Dec.-06,08,15,19, May-03,04,05,09,13,14,15.17,18, Marks 16
* A group of dependent components are tested together to ensure their quality of
their integration unit.
* The objective is to take unit tested components and build a program structure that
has been dictated by software design.
" The focus of integration testing is to uncover errors in :
* Design and construction of software architecture.
* Integrated functions or operations at subsystem level,
Interfaces and interactions between them.
" Resource integration and/or environment integration.
' The integration testing can be carried out using two approaches.

L mﬁ“““'inﬁemmta] j]-,tegmﬁgn 2. Incremental integration.

\_\_
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Integration testing approach

[ Imnmmurltﬂl integration I

L Top down testing

. Bottom up integration

—— Ragression testing

L—— Smoke testing
Fig. 4.7.1 Integration testing approach

* The non-incremental integration is given by the “big bang” approach. Al
components are combined in advance. The entire program is tested as a whole. And
chaos usually results. A set of errors is tested as a whole, Correction is difficult
because isolation of causes is complicated by the size of the entire program. Once
these errors are corrected new ones appear. This process continues infinitely.
Advantage of big-bang : This approach is simple.

Disadvantages :
1. Ttis hard to debug,
2. Itis not easy to isolate errors while testing,
3. In this approach it is not easy to validate test results.
4. After performing testing, it is impossible to form an integrated system.
¢ An incremental construction strategy includes,
Top down integration
Bottom up integration
Smoke testing,

The outcome of integration testing is

* Errorsin design and construction of software architecture.

Errors from integrated functions of opera

Errors from interfaces and interactions b

tons at sub-system Jevel.

‘ étwem them.
Errors in resource integration and environment integration
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, The system test Is a series of tests conducted to fully exercise the computer based
systen |

Top Down Integration Tﬂsﬂng

. Top down testing is an incremental approach in which modules are integrated by
moving down through the control structure,

. Modules subordinate to the main control module are incorporated into the system
in either a depth first or breadth first manner.

+ Integration process can be performed using following steps.
1. The main control module is used as a test driver and the stubs are substituted
for all modules directly subordinate to the main control module.

2. Subordinate stubs are replaced one at a time with actual modules using either
depth first or breadth first method.

3. Tests are conducted as each module is integrated.
4. On completion of each set of tests, another stub is replaced with the real module.
5. Regression testing is conducted to prevent the introduction of new errors.

For example :

Fig. 4.7.2 Program structure ..

| h P down integration if the depth first approach is adopted then we will start
| ;nglnn from modale M1 then we will integrate M2 then M3, M4, M5, M6 and then

% bfﬁadm first approach is adopted then we will integrate module M1 first then M2,

Then We will integrate module M3, M4, M5 and finally M7.

5y
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ﬂﬂeﬁmwwﬂmﬂﬂ —0lonanc,

Bottom Up Integration Testing

In bottom up integration the modules at

integration is done by moving upward through the control str
using following steps.

the lowest levels are integrated at firg;, then
ucture.

The bottom up integration process can be carried out
1. Low-level modules are combined into clusters that perform a specific softwarg

subfunction,
2. A driver program is written to co-ordinate test case input and ocutput.

3. The whole cluster is tested.
4. Drivers are removed and clusters are combined moving upward in the program
structure.

For example :

M1

% D2

“-—-;_:.—'_:[-—-

Cluster 1

Cluster 2
Fig. 4.7.3 Bottom up integration testing
First components are collected ¢

ethe
cluster is tested using a driver ogether to form cluster 1 ang cluster 2. Then each

ram.
Eglﬁfdd The clusters suhurdinate the driver module
Ty directly interfaceq to the mod
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between top down and bottom up integration testing :
 No-
E 1

Top-down Integration R B e
' trol st : ieg -
e f[lafl;;:?mr:t;‘ Or dedisions are verified After integrating all the components at the
e . bottom level, major contols or decisions can
e — be verified.
375 1 s o the early Individual components can be tested at
g higher level, but after integration of low tevﬁ_l
- components into cluster testing is required. |

'._._._--—._ = > []
3 In top-down testing, testing stubs are [n botom-up testing, test drivers ’";E

| created. required,

ﬂmﬁﬂg system can be available at EEI']}I' W::lrking system  is nvaj]al::le crnlj-f E'lftd
By = ntegrating all the components.
Hﬂwsiun Testing

» Regression testing is used to check for defects propagated to other modules by
changes made to existing program. Thus regression testing is used to reduce the
side effects of the changes.

» There are three different classes of test cases involved in regression testing -

o Representative sample of existing test cases is used to exercise all software
functions.
o Additional test cases focusing software functions likely to be affected by the

change.

o Tests cases that focus on the changed software components.
* After product had been deplﬂj-'-:d. regression testing would be necessary because
after a change has been made to the product an error that can be discovered and it
should be corrected. Similarly for deployed product addition of new feature may be

requested and imPIEmEﬂtEd, For that reason regression testing is essential,

m Smoke Testing

" The smoke testing
Projects wherein the project needs to be assessed

. Fnlluwmg activities need to be carried outin smoke testing -
translated into code are integrated into a “build”.

files, libraries, reusable modules or program

is a kind of integration testing technique used for time critical
on frequent basis,

1 Software components already
The “byjlg” can be data

COmponents,
; rrors from build so that the “build”
LA series of tests are designed to expose €

Performs its functioning correctly:

e o o thvust for oWisdge

e —————————idedlU LG nows”




I

Software Testing and |
a ’ 4-42 m“%
GG
Object Oriented Softwars Engin : . .
: th i1ds and the entire product
3. The "build” is integrated with the other builds 5 sy,
tested daily.
smoke testing benefits

1. Integration risk is minimized.
2. The quality of the end product is improved.
3. Error diagnosis and correction are simplified.

4. Assessment of progress is easy.

Review Questions

—

: ] ' ' g ? Explain, Discuss on their oubcomes,
t by integration testing and system festing P
AR e § AU : May-03, 04, 05, Marks 16

2. What is integration testing 7 Discuss any one method in detail.
3. Explain unit testing and integration testing process with an example. AU R ERUE TR
4. Write short note on - Regression festing. AU : May-13, Marks 8, May-18, Marks 6
5. Elaborate path testing and regression testing with an example. AU : Dec.-19, Marks 13

6. Discuss about the integration technigues with suwitable example. AU : Dec.-22, Marks 7

System Testing AU : May-03,04,05, Dec.-14, Marks 16
The system test is a series of tests conducted for fully the computer based system.
Various types of system tests are

1. Recovery testing 2. Security testing
3. Stress testing 4. Performance testing
The main focus of such testing is to test

= System functions and performance,

= System reliability and recoverability (recovery test).

= System installation (installation test),

System behaviour in the special conditions (stress test),
System user operations (acceptance test/alpha test).

Hardware and software integration and collaboration

Integration of external software and the system.
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@ Recovery Testing

, Recovery testing i? intended to check the system’s ability to recover from Failures.
» In this type of testing the software is foreed to fail and then
system recovers properly or not.

» For automated recovery then reinitialization, che
and restart are verified.

[XF] Security Testing

o Security festing verifies that system protection mechanis
penetration or data alteration.

* Italso verifies that protection mechanisms built Into the system prevent intrusion
such as unauthorized internal or external access or willful damage.

* System design goal is to make the penetration attempt more costly than the value of
the mformation that will be obtained.

it is verified whether the

ckpoint mechanisms, data recovery

m prevent improper

;] Stress Testing

Determines breakpoint of a system to establish maximum service level.

In stress testing the system is executed in a manner that demands resources in
abnormal quantity, frequency or volume.

A variation of stress testing is a technique called sensitivity testing,
The sensitive testing is a testing in which it is tried to uncover data from a large
class of valid data that may cause instability or improper processing,

m Performance Testing

. Pﬂfﬁﬂl’lﬂnﬂE testing evaluates the run time performance of the software, 'ESP'E‘EiEIJ.l}*
real time software.

. hpér'fnnnanm testing resource utilization such as CPU load, mm“EhPuL response
time, memory usage can be measured.

* For big systems (e.g. banking systems) involving many users connecting to servers
(eg. using internet) performance testing is very difficult.

* Bet testing is useful for performance testing.

Yo EETTTY
@m testing 7 Discuss types of systent tests. J

~
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+ The integrated software is tested based on requirements to ensure that the degiry

product is obtained.
« In validation testing the main focus is to Uncover errors in

- System hlput..’u':ltput

- System functions and information data
- System interfaces with external parts

- User interfaces

- System behaviour and performance.

* Software validation can be performed through a series of black box tests.
» After performing the validation tests there exists two conditions,

1. The function or performance characteristics are according to the specifications
and are accepted.

2. The requirement specifications are derived and the deficiency list is created. The

deficiencies then can be resolved by establishing the proper communication
with the customer.

¢ Finally in validation testing a review is taken to ensure that all the elements of

software configuration are developed as per requirements. This
configuration review or audit.

Acceptance Testing

The acceptance testing is a kind of testin
correctly in the user work environment,

review is called

& conducted to ensure that the software works

The acceptance testing can be conducted over a period of weeks or months
The types of acceptance testing are |
1. Alpha test -

The alph ing i T
software is Pha testing is a testing in which

th i complet
tested by the customer G e version of comp™

the supervision of developer. Thﬁ

——— e
TECHNIGAL PUBLICATIONS® _ o = _._,_,__.__f"'"

N



Softwa fin ‘
orented ™ Enginesr™y sk Software Tesfing and Maintenance

The primary problems in the identified and fixed in immediately before delivery

3
of the product to the customer,

4 Any mis-understanding about the scope of the project or in requirements given
by the customer can be cleared during this type of testing.

yantages

1. In depth functionality cannot be tested as software is still under development
stage. Sometimes developers and testers are dissatisfied with the results of alpha
testing,

2. Alpha testing is conducted in lab environment or testing environment which may
not be similar to real-life environment,

3. Data used during this testing may not be similar to the business data or actual
data. Hence false image of working module can be created and actual problems
remain hidden.

2. Beta test - The beta testing is a testing in which the version of software is tested
by the customer without the developer being present. This testing is performed at
customer’s site. As there is no presence of developer during testing, it is not
controlled by developer. The end user records the problems and report them to
developer. The developer then makes appropriate modification.

Advantages :

1. Beta testing improves the product quality via customer feedback.

2. Any training requirement for use of the product can be identified during beta
testing,

3. The testing is done in actual work environment without the interference of
developer. Hence addition in requirements, changes in the requirements can be
identified.

4. The security loopholes can be identified by the customer itself.

3. Beta testing allows the organization to test post-launched infrastructure,

B,

7

+ Due to customer feedback product failure risk can be reduced.
: Uﬂﬂbllit}r of the applica tion can be identified and verified by the customer,

u!‘W'"""“"ﬁl-m :

| L Finding right beta user and maintaining his participation can be real challenge.
2, Tests can not be management because beta testing is conducted in actual working

Environment and not in the nrga.nimﬂnn.

l mnmmumm@-mmﬁmfmrmm
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Debugging Techniques

1. Compare and contrast alpha and beta testing.

ALl : Dec,-10,14, May-15 1% &

festing.

Debugging is a process of removal of a defect. It occurs as a cuhsequm‘

Debugging process starts with execution of test cases. The actual hlﬂrst_f;;l:l;::
compared with the expected results. The debugging process attempts to find the lack of
mr[ﬁpunque between actual and ExpEEtEd results, The EHE]’."EL'EEI:] Causes are idE'J‘ktiIEd
and additional tests or regreasi::m tests are performed to make the system to work as per

requirement.
Common approaches in debugging are :

Brute force method - The memory dumps and run-time traces are examined and
program with write statements is loaded to obtain clues to error causes.

In this method “Let computer find the error” approach is used.
This is the least efficient method of debugging.
Backtracking method - This method is applicable to small programs.

In this method, the source code is examined by looking backwards from symptom
to potential causes of errors.

Cause elimination method - This method uses binary partitioning to reduce the
number of locations where errors can exist,

Why debugging is so difficult 7

Following are some reasons that reveal why debugging is so difficult -
1.

problem.
. If the developer corrects sg _ PP,_-:I
me error disa
temporarily. then the symptom may
The symptom can a i ; s
i PPear if some in-accuracies in the program 7€

The symptoms of bug may be present at some part(module) of the program w

its effect might be seen in some other moduyle of the program. Hence tracing
the location of symptom becomes difficult,

Symptoms may be caused by software developers during the dmnel"-']:":“IEHr
process. Such symptoms are difficult to trace out,

The symptom may appear due to fiming problems instead of Pm.:eéf'n"

BRI T I




Software Engineering

mme systems, it is not
conditions and this may lead to sy

4-47
—————Software Testing and Maintenance

Possible tg accurately reproduce the input

mMptoms of 'Dugs.
Execution :
=1 oftest p— D':';ﬂr{ﬂ'iﬂﬂ
Casas
Results !
L
Actual
debugging
L ]
espdstnd igertified
i Causas
‘Conducting T
additional el
tests
Conducting
regression tests
Ganarating
] =St
cases

7. The symptom may appe
systems in which hardware and software 1s coupled.

mmsﬁng Vs. Debugging

e —

Fig. 4.10.1 Debugging process

Testing

' TEEHI"E starts with the execution resul
test cases.

TR
T‘!ﬁﬁng is a process in which the DUg

identifiad.

In testing process, it is identified where the

Gl

Its from Debugging s

ar perim:licall}', Such things normally occur in embedded

B. In distributed systems number of tasks are running on several distinct processors

which may lead to symptoms.

Debugging

Debugging is the process in which l:hebq_g or
error is corrected by the programner. ;

In debugglng the root cause of error is
{dentified. ;

tarts after the testing

G

e ——
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Review Question

1. Write short note on - Debugging. : %

Program Analysis
There are two ways by which the program analysis is carried out -

1) Static analysis

2) Dynamic analysis

# 1) Static analysis
* Definition : Static testing is a testing technique in which software is tested withogt
executing the code. As the code, requirement documents, and design documents i
tested manually in order to find errors, it is called static.

* This kind of testing is also called verification testing.
Static analysis testing t&chnlqﬁus :
e Informal reviews :

o In this technique, the team of reviewers just checks the documents and gives
comments.

o The purpose is to maintain the quality from the initial stage. It is non-
documented in nature.

* Formal reviews :

o Itis well structured and documented and follows six main steps : Planning, kide
off, preparation, review meeting, rework follow-up.
Technical reviews :

The team of technical experts will review the software for technical specification
The purpose 1s to pin out the difference between the required specification
product design and then correct the flaws. It focuses on technical document®
such as test strategy, test Plan and requirement specification documents.

is maintained S o ¥ a trained mﬂderatnr.hfurmal review is done, 2 ok

T the or ;
Mﬁcammﬂ“thl?givm fEEd]::;li:ELand the authors are informed ©

e B
TECHNICAL PUBLICATIONS® g




f)Itis a fast and easy technique used to fix errors,
g Ithelps in identifying flaws in code,

3)With the help of automated tools it becomes ve

Iy easy and convenient to scan and
review the software,

4)With static testing it is possible to find errors at an earl

vy stage of the development
life cycle,

Disadvantages :
1)1t takes a lot of time to conduct the testing procedure if done manually,
2) Automated tools work for a restricted set of programming languages.
3)The automated tools simply scan the code and can not test the code deeply.

» 2) Dynamic analysis

Definition : Dynamic testing is a process by which code is executed to check how
software will perform in a runtime environment. As this type of testing is conducted
dlﬁ‘ing code execution it is called dynamic, It is also called validation testing,

“Mamic testing techniques :
v Unit testing : As the name suggests individual units or modules are tested. The

Surce code is tested by the developers.

* Integration testing : Individual modules are clubbed an.d tE.E!:Ed b}.r the developers.
Itis performed in order to ensure that modules are working in the right manner and
will continue to perform flawlessly even after integration. o

' System testing : It is perfnrmed on a cﬂmpiﬂ'tf—‘ jj}rs’ﬁem to ensure that the application
is designed accord ing to the requirement specification document.

Mrntages
Ui .

Em 'dentifies weak areas in a runtime:

o hﬂpa. in performing detailed analysis of code.

3 .
It tan be applied with any application.
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Disadvantages "
1) It is not easy to find a trained software tester to perform dynamic testing,

2) It becomes costly to fix errors in dynamic testing.

Difference between static and dynamic analysis :

Dynamic !ﬁﬂly_g-i:_-\-

S Static analysis
- No.
. 1. Static analysis is a testing process that is Dynamic analysis is a testing process g
I_:" done at the early stage of the development  later stage of the development life cyile,
3 life cycle.
2. Itinvolves a walkthrough and code review. It involves functional and non-functiong
: testing.
3. This testing is a verification process, This testing is a validation process.
4. This type of testing is done before the This type of testing is done during code |
execution of code, execubion.
2. Itis about prevention. It is about a cure,
L 6. | It is cost-effective. It is costly.
Symbolic Execution
* Symbolic execution is a testing technique in which we use symbals to see what
the output of the code without actually running the code, Thig helps to find and fix
the errors in the software without doing a real test.
» Symbalic e tHon | - . o
r : - . ;
= tit . tESt: t;: ow and data flow. It is a type of dynamic analysis, which
b € program by executing it with s instead
[ i
of concrete input values. : et yenet
* Symbolic execution involves i
dTi £ . E
e alyzing the code w ithout running it with actud
_ For example -
fanction divide(int a, int b)
{
ifibl=0)
result = a/h:
else
result = -1
: retum result

¥
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In . .
esult i @ symbolic variable we can analyze the code's behavior in both cases

T aving specific values for 'a' and b’ at this stage. This helps us understand how
g will react to various scenarios.
o

. gymbolic execution is often used in more complex programs to find the major bugs.

, This technique also helps us to understand how the code responds to different
inputs without running it with actual data.

, Ttisan important technique for debugging and testing software to identify possible
problems and ensure robustness.

- ew Question

Fﬁw.u short note on - Symbolic execution.

BH Model Checking

Model checking is a technique for verifying that a software system satisfies the desired
moperties. In this technique, a model of the system is created and then using a model
decer we exhaustively explore all possible states of the model to check the properties of
e sstem

Model checking can be used in both software testing and debugging. In software
=g, it can be used to verify that the system meets its requirements. In software

“ugging, it can be used to identify the root cause of a bug.
Chce the model and the desired properties have been specified, a model checker can

¥ieed to verify that the model satisfies the properties.

an: ®ample - Consider a ATM system in which we have to design a function for
fomy 31-.*31 of money say withdraw(). This function allows the user to withdraw money
e [.wl“ﬂﬂ'ﬂm‘lt. In order to implement this function, following requirements need to

L The user must have a positive balance in their account in order to withdraw
lUII.E:I,r_

4 Th'e User cannot withdraw more money than H‘lﬂ'}’ have in their account.

BE{::; The User's balance must be upda ted after each withdrawal.

we can use model checking technique to verify that

fe g .
" Wit Ctually executing the code, : : .
4 uirements, In this technique, we first create a

Lo thwﬂ function meets these req : :
¥ iy £ “’ithdraw{} function. We must EFE'Ci_f}r the above requirements as properties

wﬂ checker would explore all possible states of the function to
b - e i
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verify that the function satisfies all these properties. For inpstance 5 }f fthE i.ﬂ a Neatiy,
balance, then there must not be a path to ‘withdraw amount’ state. Similarly if the balan,

amount greater than the withdrawal amount then unl}f thErrE should be A path 4,
‘withdraw amount’ state. If the model checker finds a state in which the function g o
update the user’s balance after a withdrawal then it should nf.-p::-rt a bug. By idﬁﬁ'{}'h'lg
this issue in our model, we can locate the corresponding code in our software and COtrecy
the logic to prevent this scenario from happening.

Model checking is particularly valuable for complex systems, where manually testing
all possible combinations and paths would be impractical.

Two Marks Questions with Answers 13
Q.1 State the guidelines for debugging. m
Ans. : Following are some debugging guideline suggested by Myers

1. Debugging can be effectively carried out by mental analysis.

2. If an error cannot be located by yourself, then describe the problem to someone
else.

3. Use debugging tool only if no alternative is present.

4. Avoid experimentation,

3. If one bug occurs in one area of code then there are chances of occurrence of
more bugs.

6. Fix the error and not its sym ptoms.

7. For correcting the existing program, if a new code is added to it then test i
rigorously than the original program,

8. There are chances of introdu Cing new errors on correction of older ones.

9. The process error repair must be conducted in parallel during design phase.
10. Change the source code and not the object code/machine code.

Q.2 What are static and dynamic software testing 7 m
Ans. : The verification activities fall into the category of static testing. During static testing

you have a checklist to check whether the work TR : ¢ the st
standards of the organization, You are doing is going as pe

The dynamic testing is a method in which the actual t

errors. Various testing strategies such 48 unit testing, in
System testing can be applied wh;
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e

: resting is a l‘EStlIlE for a system which is executed in a manner that demands
pn: ces in ahnormal quantity, frequency or volume.
Jtion of stress testing is a technique called sensitivity testing.

pvar
whatis partial integration testing ? m
| - partial integration testing verifies correct data movement from one external system 1o
another-

pstance | If there is one system that brings data from single external system and then

| the data to several other external systems. Then partial test of this system would be to
Iﬁtwl'lfﬂler the data can be sent to one of the external systems.

ﬁmmthg is important with respect to software ¢ m

ass. . The purpose of software testing is to ensure whether the software functions appear

i be working according to specifications and performance requirements. This ultimately

helps in improving the overall quality of the software.

06 How regression and stress tests are performed ? m
ans. : Regression testing is used to check for defects propagated to other modules by
changes made to existing program. Thus regression testing is used to reduce the side effects

of the changes.

Sress testing determines breakpoint of a system to establish maximum service level. In
siress testing the system is exocuted in a manner that demands resources in abnormal

quantity, frequency or volume.

Q7 Define cyclomatic complexity. AU ; May-06, 14
k. : Cyclomatic complexity is kind of software metric that gives the quantitative measure
 logical complexity of a program. In basis path testing method the cyclomatic complexity
defines the number of independent paths of the program structure.

AU : May-06

08 Write the types of system tests.
%8, Various types of system tests are
1. Recovery testing 9. Security testing
3. Stress testing 4, Performance testing

ALl : May-06

U
Write short note on equivalence partitioning.

S equivalence l'ﬁﬂﬂiﬂg the equi\faleﬂﬂﬂ classes are evaluated’ for E,'i\"EI'I in]:rut

gty . R : -
tion, Equival Class represents et of valid or invalid states for input conditions.

k
'ﬁ#abhck'b“’: technique that divides the input doma
1565 can be derived.

R

in into classes of data. From li'liEl data

O e ]
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.10 What Is white box testing and what Is the difficulty while exercising It 7 ﬁ

: i details are closely examined. In this testin
:t:mali[; ghi::a;mslniﬁt;p;n;esﬁsa:um that they operate according to gpeﬁﬁcfﬁu;
and designs. Thus major focus of white box testing TE. on internal te.tru-:tumg, logic Path
control flows, data flow, internal data structures, conditions, loops, etc.
This kind of testing will be exhaustive testing. This ’q..r‘pe f}frfEEﬁﬂg will keep the p
continuously busy. And software developer will find it t:hl"'ﬁ::ult h.:l manage the schedy, of
the project with white box testing. The white box testing is impossible for large system,

Q.11 What is behavioural testing ? AU : Miay.gg)
Ans. : The black box testing is also called as behavioural testing.

Black box testing methods focus on the functional requirements of the software. Tests Sets
are derived that fully exercise all functional requirements.

Q.12 What is cyclomatic complexity? How to calculate this 7

Ans. : The cyclomatic complexity defines the number of independent paths in the basis set
of the program that provides the upper bound for the number of tests that must be
conducted to ensure that all the statements have been executed atleast once.

The cyclomatic complexity can be computed by one of the following ways.
1. The number of

complexity.

regions of the flow graph correspond to the cyclomatic

2. Cyclomatic complexity, V(G), for a flow graph, G, is defined as :
V{G} e E - N + 2.-
E = Number of flow graph edges

N = Number of flow graph nodes
3. VIG) = P+1
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low,
he cyclomatic complexity can be computed a .
| The flow graph has 3 regions,
2, V(G) =8 edges -7 nodes + 2 = 3
3, V(G) =2 predicate nodes + 1 = 3

Hence cyclomatic com plexity is 3,

P of automated too] the behaviour of the rea]
time system is simulated. Then it becomes possible to examine the behaviour of
the system as a series of external events,

=

behaviour of the system the next step is to obtain

that may communicate with one another,
testing.

errors from asynchronous tasks
Such type of testing is called inter task

L System testing : When all the required hardware and software is integrated then a
full fange of testing is carried out in order to uncover errors at hardware and

software interface. As real Hme system is based on interrupts therefore testing the
Boolean events is necessary.

14 What j the objective of unit testing 7 m
. . The objective of unit testing is to test individual components independently tq
"8Ue thejr quality. Thus the focus is to uncover the errors in design and implementation,

"llum,m # Program for computing the roots of a quadratic equation. List out the test

using equivalence partitioning method. m

:::-:Tn Write the test cases for roots of quadratic equations we will first write g program
‘H%uﬁng the roots for quadratic equation -
{ -"LOE (fioat a, flnat b, float &)

% Pringg
ﬁ“nq' mﬂ'ﬂtsa.:ﬂf:nmplm'j:

@H /(2= a)

[ Py P e D
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r2 = (- b= sqrt (d}} / (2 * &);
printf (“%f %f ", r1, 12);

}

alse if {(d = = 0]

{

printf " Single real root');
r1=-b/2+a;
printf (“%f ", r1);

}
else

{

printf (" Two real roots");

rl =(-b + sqrt (d)) / (2 * a);
12 = [~b-squ(d)} /{2 *a)
printf (" %f %", r1, r2);

Mow the test cases can be written as follows.

m{mmmﬁhu:'!':'-"'-\.'."' P R e T T e T S ey

Precondition : The quadratic equation ax” + bx + ¢ is to be entered, This will seta, band c.

ﬁt T Test case
_ “"" Test steps statms
, e ﬁ"uhﬁm.
id name : {P/F)
Steps Expected Actual
e Compute If (d = 0) the For equation : Pass
d=(b+b)—(4+arc) Message = ,24x42=p
check if DO, A0 e
complex”will ., _ —1+v-7
(d<0) b ol 15T
displayed.
And  then rz-'l-"ll-T
reots riand = 2
2 will
| printed, te Then solve
o (X=r1) = (x—r2) =
fic Compute If {d is equal For equation - Pass
d={beb)-(dsawc) ¥ 0} then g _24yx+18=0
check if “1he message |, _ .
(d==0) Single real
displayed  (x-r1)f=0
mm?ﬂnp we will get
baprinted. | OX-24x+18=0
::nrnputa If (d > 0] Forequation: Pass
={b*b)—(dwarc) then  the 2 -2=0
. check if messaga 3
ge s ) (d>0) o b s
A foots” wiltbe r2=_1—43

ﬁ:’:,
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" printed. Then solve
{x—r1)* (x-r2)

and wea will get
X+ 2y -2

at6 what are the steps for top-down integration ?
s Following are the steps in top-down integration.

. The main control module is used as a test driver and stubs are substituted for all
the modules directly subordinate to the main control module

2. Subordinate stubs are replaced one at a time with actual modules using either
depth first or breadth search method.

3, Tests are conducted as each module is integrated.

4 On completion of each set of tests, another stub is replaced with the real
module,

5. Regression testing is conducted to prevent the introduction of new errors
0.17 Mention any two characteristics of software testing.
OR Writz down generic characteristics of software testing.
Ans.: Following are the characteristics of software testing :

1. Testing should be conducted by the developer as well as by some independent
group.

2. The testing must begin at the component level and must work outwards towards
the integration testing.

3. Different testing must be appropriate at appropriate times.
8 Which is called as a glass box testing 7 What is the objective of this 2

(Refer section 4.4) m
019 List gyt the data structure errors identified during the unit testing. m
Ao :Various data structure errors that can be identified during the unit testing are -

L Incorrect arithmetic precedence.
% Mixed mode operations.
3 Precision inaccuracy.
Comparison of different data types.

c
- ﬂtuai.  the cyclomatic com plexity for the following program. Explain your approach,

TECHNICAL PUBLIGA TIONS™ - an up-thrust for knawiedge
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if (c>temp)
temp=c
return temp
Ans. : The flow graph for given programis -
Cyclomatic complexity
= E-N+2
= 7-6+2=3
Cyclomatic complexity
= P+1
2+1=3
Cyclomatic complexity
= Regions encountered
= 3
Hence cyclomatic complexity of given program
15 3.

n

Q.21 What is a critical medule and why should we identify it 7 Al : Dec.-08
Ans. : The module which possess following characteristics is called critical module.

L. The critical module addresses several software requirements.

2. This module has definite performance requirements.

3. It has high level of contral,

4. This module is complex and error Prone.

Because of above mentioned characteristics,
in order to make the system errorfree angd as

Q.22 What is meant by smoke testing 7

It 1s necessary to identify and test such module
PET USer requirements,
(Refer section 4, 7.4)
Q.23 What is the difference between alpha testing and beta

testin

&L ; Dec 08

r "::.\. E ?
el Alpha testing . Beta testi
et i e R -
Wi = This testing is d; . [ T
e by & e t::::i“]’. Lo This testing is done by the customer
ﬁu"‘:“-"‘?l'? ol L ﬂfdeuﬂﬂp‘er In company’s C=1on - without any interference of develaper
YSpremises.  ang done at customer's place. '

_---"'""'
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using alpha testing and ested  The complete product is tested under

! functionalities are fosted only core  this testing. Such product is usually

- 3 iven as free tri i :
s s B2 4] ee trial version.

nj.ﬂl the gxhaustive tﬂﬂng ﬂl-llﬁﬂtﬂu that the program is 100 % correct 7

. No the exhaustive testing will not guarantee

AU - May-D3, 16
APS- that the program is 100 % correct. This
- because there are several parameters that affect the correctness of the program. For
instance -
User acceptance - It is not guaranteed that the program is strictly as per users’ expectation
and will work as per users’ design,

performance testing - It is necessary to test whether the program performs to a level that
was satisfactory. Similarly the performance should not get degraded if volume load gets
ncreased.

Integration testing - This testing needs to be done to check whether the program works
properly if it gets integrated with some other software component.

Besides these testing there are many other types of testing that needs to be carried out on
the program, and there are chances of a program getting failed in one or more testing.

(.25 What is meant by integration testing ? (Refer section 4.7)
.26 State any four software testing principles. (Refer section 4.1.2

Q27 What is an unit ?

Arg. : Unit is a smallest testable part in the application. In procedural programming, unit
miy be an individual program, function or procedure. While in object oriented
Programming, the smallest unit is a method, which may belong to a base class, abstract
clags gr derived class.Ideally independent cases can be written for each unit{function) of a

Source program.
Q28 In unit testing of a module, it is found for a set of test data, at maximum 30 % of the code
dlone were tested with the probability of success 0.9. What is the reliability of the

module ?

A,  The reliability of the module is al the most 0.81. For the given set of test data the 90 %
L‘lfu'iEEﬂde is tested and Pmbﬂbi]jt}r of success is given as 0.9 i.e. 90 %.

Reliability = (90/100)0.9 = 081

2wty a simple example establish that 100 % testing is Impossible.

Ang, t Tk i not possible to test all inputs or all I_:-ermut-‘ltians and combinations of all inputs.

s ng = . © en a moderate system. For example - Suppose
teven possible to test all paths of ev

" haye to test a function that handles verification of user password. Each user on each

o

for knowiedge
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pa ssword might be atleast 6 to 8 :J'uaractm-s, |Dng_ n

or in lower case. Then it is just impmﬁblg "
ons for password verification,

Object Oriented Software Enginsering

computer must have a password. Each ;
might be in capital letters, alphanumerllc
consider various permutations and combinati
d testing.
Q.30 Distinguish between stress and loa |
Ans. : Load testing is conducted to measure system performance based on mf-lume of
On ﬂm other hand the stress testing is conducted for measuring the breakpoint of a syg,,,
when extreme load is applied. In load testing the expec ted load is applied .tﬂ Measure the
performance of the system whereas in stress testing the extreme load is applied.

Q.31 What is a big-bang approach ? m
Ans. : Big-bang approach is use-d in non incremental integration testing. In thlis approach of
integration testing, all the components are combined in advance and then entire program is
tested as a whole,

Q.32 How are the software testing results related to the reliability of the software 7

Ans. : During the software testing the program is executed with the intention of finding as
much errors as possible. The test cases are designed that are intended to discover yet-
undiscovered errors. Thus after testing, majority of serious errors are removed from the
system and it is turned into the model that satisfied user requirements.

Q.33 'l'ﬂ'lil'l! are the levels at which the testing is done 7 AU : Dec.13
Ans. : Testing can be done in the two levels as given below -

1. Component level testing : In the component level testing the individual
component is tested,

2. System level testing : In system testing, the testing of group of components
integrated to create a system or subsystem is done.

0.34 What are the classes of loops that can be tested 7 m
Ans. : Various classes of loop testing are -

1. Simple loop 2. Nested loop

3. Concatenated loop 4. Unstructured loop,
Q.35 What is validation testing 7 m
Ans. : Validation testing is a testing which is meant tg validate the requirements as define’

:1 the Software Req}liremems Specification (SRs). 1 ensures that the applicatiot as
eveloped matches with the requirements defined and js fit for Eﬁtended use.

0136 What is the need for regression tasting 7 W
Ans. : Regression testing is required to test

the def fro
module to another when, changes are made tq exis S T

m onF
' '5
used ting pro : ary hesting !
to reduce the side effects of changes, Program. Thus regression
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m test simple loop 7

: s b
it The simple tests can | e performed for n number of classes,
g Ifn= 0 then skip the loop completely,

i) 1fn=1then one pass through the loop is tested,
jii) If n=m then testing should be done for m passes where m < n.
iv) Perform the testing when number of passes aren—1,n,n+ 1.

038 Why does software fail after it has passed from acceptance testing 7 AU : May-16
ans. : During ac::eptaflce testing, the random input is used for testing. This may lead to the
gnation that some input values that may cause failure go unhandled. The practical

problem with acceptance testing is that it is time consuming. Hence in order to keep testing
cost low, there are restricted number of test cases.

Hence there are high chances of software failure even after passing the acceptance testing,

039 What is validation testing ?
As. : Validation testing is a testing which is meant to validate the requirements as defined
in the Software Requirements Specification(SRS). It ensures that the application as
developed matches with the requirements defined and is fit for intended use,
040 What is the need for regression testing 7

Ans. : Regression testing is required to test the defects that get propagated from one
medule to another when changes are made to existing program. Thus regression testing is
| tsed fo reduce the side effects of changes.

UAL What is smoke testing 7
Mes. : The smoke testing is a kind of integration testing technique used for time critical
Pojects where in the projects need to be assessed on frequent basis.

Y42 Mention the purpose of stub and driver used for testing.

™ : Driver : The "driver" is a program that accepts the test data and prints the relevant
muhl

Stab . The *stub” is a subprogram that uses the module interfaces and performs the
|data manipulation if required
What are the testing principles the software engineer must apply while performing the
ALl May-18
Software testing 7

by,

1 ' :
Al tests must be traceable to customer requirements

esting begins.

Tests g Jong before*
Y MO el 1008 ress towards testing in large.

g T%g should begin in small and prog

k\_/mm for kitowladge
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5) Testing should be done independent third party.

Q.44  Identify the type of maintenance for each of the following :

a) Correcting the software faults
b) Adapting the change In environment.
Ans. : a) Corrective maintenance b) Adaptive maintenance

Q.45 List the levels of testing. m
Ans. : 1) Unit testing 2) Integration testing 3) Validation testing 4) Systern testing,

Q.46 What is test case 7

Ans. : Test case is a document or a specification of inputs, execution conditions, testing
procedure and expected results while executing every single test.

Q.47 Outline the need for system testing. [ AU : Dec.15
Ans. : The system testing is needed for testing all the system elements so that the system a5
a whole can be tested.

Q.48 How black box testing is different from white box testing 7 (Refer section 4.4)

Al ; Dec-20

Q.43 Define regression testing, AU : May-22, Dec.-2

Ans. : Regression testing is used to check for defects propagated to other modules by

changes made to an existing program. This testing is used to reduce the side effects of
the changes.

aad
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Software Project Management

« Management is an essential activity for the computer based systems and Produc
The term project management involves various activities such as Fla"'mng,
monitoring, control of people, process and various events that occur during g,
development of software.

¢ Building the software system is a complex activity and many people get involveq ;,
this activity for relatively long time. Hence, it is necessary to manage the projeg
The project management is carried out with the help of 4 P’s i.e. people, prodyc,
process and project.

* Hence, we will start our discussion by focusing on these elements.

Management Spectrum

Effective software project management focuses four P's i.e. people, product, process
and project. The successful project management is done with the help of these four
factors where the order of these elements is not arbitrary. Project manager has to motivate
the communication between stakeholders. He should also prepare a project plan for the
success of the product.

The People
 People factor is an important issue in software industry. There is a strong need for
motivated and highly skilled people for developing the software product. The
Software Engineering Institute (SEI) has developed the People Management
Capability Maturity Model (PM-CMM). |

e By using PM-CMM model software organizations become capable for undertaking
complex applications which ultimately attracts or motivates the talented people.
e Following are some key practice areas for software people -
o Recruitment
o Selection
o Performance management
o Training compensation
o Career development
o Organization and work design
o Culture development.
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| M Project Management
@ The Product

" pefore planning the project three important tasks need to be done -

0 product objectives and scope must be established.

%) alternative solutions should be considered.

3) and management constraints must be identified.

The software developer and customer must communicate with each other in order
o define the objectives and scope of the product.

This is done as the first step in requirement gathering and analysis.

The scope of the project identifies primary data, functions and behaviour of the
product.

After establishing the objectives and scope of the product the alternative solutions
are considered. |

Finally, the constraints imposed by - delivery deadline or budgetary restrictions,
personal availability can be identified.

EFE] The Process

m“"* Project

T :
pm.;ma“ﬂgﬁ the complexity of the projee
5. In order to successfully manage

The software process prﬂ‘.fidES the framework from which the software

development plan can be established.
activities that needs to be carried out during the

There are various framework
These activities can be of varying size and

software development process.
complexities.

Different task sets-tasks, milestones,
enable framework activities to adap

characteristics of software project.
Finally, umbrella activities such as Software Quality Assurance (SQA) and Software

Configuration Management (SCM) are conducted. These umbrella activities depend

upon the framework activities.

work products and quality assurance points
¢ the software requirements and certain

¢ we conduct planned and controlled software

4 software project, W€ must understand what

89 wrong and how to do it right. There are some indicators that imply poor

ment of the projects.
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Review Question =
} ject manage ?

1. Explain the role of people, product and process in project 8 Q

] People
People is the most important element
participate in the project with different roles and respon

for the success of software project Peoy,
sibilities. Let us discussﬂmk s

Stakeholder
Stakeholders mean persons who will be affected by the system. Following ar, the
categories of the stakeholders - :

1. Senior Manager :
® These are the persons who define the business issues and the decisions taken by

have significant influence on the success of the project.

2. Project Manager
* The project manager performs various tasks such as planning, motivating,
organizing and controlling the software practitioners who are involved in soffware

building,

. 'Iher pran.:ﬁﬁnrmrﬁ are the entities having sufficient technical skills required for
engineering the product or application,
4. Customers

* These stakeholders specify the requirements

outcome of the project, of the project and are interested only ™
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ﬂfﬂm Leaders
. 65 ; :
project MANAGEMENE 15 an activity influenced by people. Following are the qualities
st the team leader must posses -
. Mﬂﬁ?ﬂﬁﬂﬂ

This ability is necessary to encourage technical people to do their work with the
fullest of their ability. ;

» Problem Solving
During project management, the project manager must diagnose the technical and
organizational issues in such a manner that systematic and effective solution can be
obtained. He/She must take lessons from the previous projects and must remain
flexible to change the direction of the if initial problem solving methods get failed.

» Organization .
This is an ability to arrange the existing processes so that intial concept can be
translated into the final working product.

» Innovation
Innovation or ideas mean encouraging people to create and to feel creative.

» Managerial Identity
The effective project manager must take the charge of complete project and must
have full control over the project development process.

Project Management

* Achievement ‘
The productivity of the project team can be optimized by awarding the team

members for their good work and by not punishing them on the controlled risk.

* Influence and Team Building iy
An effective project manager should be able to “read” the people in his team, he

should understand their needs and must remain in controlled in stressful situations.

m Software Team
* The best team structure dep ; :
organization ii) Number of people involved in
iii) Overall problem difficulty.

ends on three things - i) Management style of
the project and their skill levels and

T,
S TECHNICAL mwmumﬁ"-mw""”’"’w
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should be considered for Ph‘“‘ling b

e Mantei described seven factors that
structure of software engineering teams =

o The difficulty of the problem to be solved. | f
i in terms of LOC or |
The size of the project (may be considered in or in F“""lﬁnn

L)
points),

o The time that the team will stay together.
o The required quality and reliability of the system to be built.
o The rigidity or flexibility of the delivery date.
o The degree of communication required for the project.
Constantine suggested four organizational paradigms for software engineerin
team -

* Closed Paradigm
It represents the traditional hierarchy of team. This team work well for producing
software based on past efforts but it fails to work for innovative ideas.

* Random Paradigm
This is a loosely structured and depends upon individual initiative of team
~members. This performs well when innovation or technological breakthrough is
required but performs poorly when the orderly performance is required.

* Open Paradigm
The open paradigm attempts to structure a team in such a manner that some

controls are achieved using closed paradigm but innovation or technological break
through is achieved using the random paradigm,

* Synchronous Paradigm

Agile Team
o Customer satisfaction,

o Early incremental delivery of
Small but highly motivated p
o Informal methods,
Development simplicity,

the Sth-uarE
roject team,

o

]

it T —
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Hence a small motivated team ig called spilete Project Management

Agile philosophy stresses on ip div

. idual _
mllahuratinn as critical success factor for e tE;mPetEﬂf}r coupled with group
Agile teams are self-organizing teams '

There i 1
paradigm that can be applied to the 5l 15 no fixed Constantine team

f €, instead of that the agile team can use
elements of random, open, closed ang synchronous paradigms
Many agile models automate the project management

required for project accomplishment.

and technical decisions

Agile team is allowed to select its own approach for software development. The
only condition is that the business requirements and organizational standards must
get satisfied during software development,

As the project proceeds the individual competency might be improved in such a
way that it will be beneficial to the project. To improve the individual competency
the agile team conducts the daily meeting, for co-ordinating and synchronizing the

work. The information obtained during this meeting is used to adapt the useful
approach for software development.

Co-ordination and Communication Issues

Following are some characteristics of modern software -
* Scale

The scale of development efforts may be very large which leads to complexity and
confusion in co-ordinating the team members.

Uncertainty

Continuous n:haﬁges occur in the project, due to which uncertainty is common in

modern software.
I""""'3l"l'uil:llnu'al:»i]it].I
Interoperability is the key characteristic of many sys

; ioad are.
able to communicate with existing softw

nati le. This co-ordination is possible
' | for co-ordinating pecrp_
Ei: L‘S’h Effechw.;ef m;ﬂ;;:r::d infm'maj communication among the team members.
¥ means of o

tems. New software must be
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Review Questions
are the characteristics of effps;
1. What are the categories of stakeholders 7 What f effectivg P

? ! i
2. List Hll'ﬁl'.llr P’s ﬂfﬁﬂﬁﬂmrﬂ Fm}fﬂ mﬂnggmlgﬂ[ g_tu-::trum. EIFIEIH how “the People” ,rﬂ:clw
contributes towards the success of software project. =9
3. What are the categories of stakeholders 7 What are the characteristics of effectipe Projec
manager ?
e
EX] Product

A software project manager has to examine the product in order to obtain
quantitative estimates and organizational plan. By examining the product the 5COPe of the

product can be decided.
EEX] Software Scope

The first step in software project management is to determine the scope of the software
m Following questions need to be answered for deterrm’:ﬂng the scope of the

project -

1. Context
a) How does the software built it into the larger system and busiﬁe&s context ?

b o
) What are the constraints imposed on the context of the project ?

2. Information Objectives
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i Project Management
, purinB t]'l?ﬁpl‘ﬂrﬁ'-’tm that?:ﬂ no attempt is made to decompose the problem fully. The
Jecompost ! ormally applied in based on two Al
L Fu“ctiuna]itleﬁ that must be delivered.

7 The process that will be used to deliver it.
. Norm all}t, "Dwi:ie and Conquer” strategy is applied to partition the product into
cmaller pieces which can be managed easily as project planning begins.

. The snftwiare functions described in the scope are evaluated and refined to provide
more details before the beginning of the estimation.

, As both cost and schedule are functionally oriented, some degree of decomposition
is often useful.
. As the statement of scope evolves the first level of partitioning naturally occurs.

- [ Process

+ There are some framework activities that characterize the software processes. Such
activities are applied to all software projects.

+ The Project Manager must decide which Process Model is most appropriate for -
1. The Customers and the People who are involved in project.
2. The characteristics of Product. |
3. The Project Environment in which the Software works.

+ When a Process Model is celected, the Software Team then defines a Preliminary
Project Plan based on Process Framework activities. After establishing the

preliminary Project Plan, Process Decomposition begins.

mﬂlltllng the Product and the Process
* At the beginning of planning process there is the melding of Product and the

Process. Each function to be engineered by the software team must go through the
set of Framework Activities that has been defined for a Software organization.

* Assume that following are some framework activities -

? Communication

L} P]ﬂnni.ng

o Mndeﬁng

¢ Construction and Release
® Deployment
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e When team members work on the product rﬁiﬂfﬂﬂﬂ_s they will apply thes
farmework activities to it. A matrix as shown in Fig. 5.5.1 is created.
———1——'— I - r___-
Common
process framework I
activities

Object Oriented Software Enginesnng

Software |
Engineering Tasks

4 Modeling

—{ Construction and Release
Customer Evaluation

RS
BE =SS

|

&
b R

Fig. 5.5.1 Matrix for framework activities

® On the left hand side the major product functions are described and framework
activities are listed on the top. Then the software engineering. work tasks would be
entered in the row,

* Project Manager estimates the resource requirements for each matrix cell with Start
and End Dates for each Task and Work Products to be produced (delivered) for
each task.

Process Decomposition
e The software development team has a flexibility for choosing the software process

model which is best suitable for the project. After decis
software engineering tasks are decided.

* When a project manager raises a question "How do we accomplish the framework
activities?” then project decomposition commences, For Ex“ﬂple. .
might require following work tasks for P‘Ei'fﬂl'l'ning the comm, F _ t; i b vitjlj .

1. Alist of clarification issues is to he prepared, S

ion of process model the

. For addressing the clarification issyes conduct m

2

eetings with customers.
3. The developer and customer together muyst -
4
3

re
- Review the statement of scope, Prepare statement of scope.

. Perform modifications in the statement of scope if :
required,
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= 1arly for the la - Project Management
, Gimilarly large projects the work task list can be 4 which
Eﬂﬂtﬂ]ﬂ some additional tasks, g Preparea wil may
grraim

. F:j:;u::;ﬂ:‘::ﬂ's:h;a;:?::dr sy necessary to understand the mistakes in the
P m. John Reel defined t edi
the software projects fail - en symptoms to indicate why
1. Software developers do not understand the customer's need.
2, The scope of the project is not defined properly.

3. Change management is done poorly,
4. Business needs change very often.
5. The technological changes are quite often.
6. Users are not co-operative.
7. Unrealistic deadlines are set.
8. Projects do not get sponsored or Sponsorship gets lost.
9. Lack of skilled people in the project.
10. Project managers do not adopt the best practices for the projects.
+ John Reel suggested following five points to overcome the problems in the sottware
project -
1. Start on right foot - The software developer must understand the problem,
managers should set the realistic goals and customers should keep the realistic
expectations from the project. The right team must be chosen to complete the
project. Such a team must be given autonomy and authority. The technology
needed by such team should be provided. All these factors avoid lot of problems

of the software project.

?. Maintain momentum - Many projects are very good initially but later on their
quality decreases. Therefore I_-,mject managers sl-n:rulld provide incentives for
absolute minimum income. Quality must be insisted at every stage of

dw\“—']ﬂpmenl-,
3. Track progress - Regular ng‘feﬁﬁ of the project must be tracked. The work
Products at every stages of dE\’EIDPITIIE'I't must be ﬂnﬂ!}-’.ﬁEd_
st be made b}’ software ijm

* Make smart decisions - simple decisions 1-:1:
Managers as well as team members. Whef‘e: 'z
shelf components. Try t© identify the obvioy
You think for solving complex risks.

pﬂssible make use of the off-the
ks and allocate more time than
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find oy

letion of every project try to W
5. Conduct analysis - After comp daeclins sl sy hap ~
wrong and how to correct them. Evaluate the p schedye. Qg
feed:fck about the project from the team members and customers,

B The W5HH Principle _ |
Bary Bohem suggested an approach for addressing - project objectives, 'ﬂieuz-idin:E
milestones and schedules, roles and responsibilities, project management, technicy
approaches and required resources by WWWWWHH principle. The W5HH Principje ;,
nothing but the series of questions in the form of why, what, when, who, how ang 50 on,
Answers to these questions lead to definition of key project characteristics. The answers
of these questions are also useful in building the resultant project plan. Following 4,
those W5HH questions -
* Why is the system being developed ?
Answer to this question assesses the validity of business reasons for the softwars
work. It also justifies the expenditure of people, time and money.
* What will be done ?
Answer to this question will help the software team member to identify the project
tasks and milestones. '
* When will be done ?
The answer to this question will help to prepare the project schedule with identified
project tasks and milestones,
* Who is responsible for a function ?

By answering this question, the rojes and responsibilities required to develop the
system can be defined,

* Where are they organisationally located ?

All the roles can not be defined Within the software team itself. There are customer
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; Explain W5HHH principle,

@ project Estimation
Al

May-05 06 07.00 15

software project estimation is a form of problem solving. Many times the problem to

be solved lsﬂt,_{: r:nmplex in 3"1rﬂWﬂIE engineering. Hence for solving such problems, we
gecompose the given problem intg a set of smaller problems.

The decomposition can be done using two approached decomposition of problem or
decomposition of process.

Estimation uses one or both forms of decomposition
(partitioning).

LI AB 1922 Dec-07.10,14.15.16.19, Marks 16

Software Sizing

+ Following are certain issues based on which accuracy of software project estimate is
predicated -

1. The degree to which planner has properly estimated the size of the product to
be built,

2. The ability to translate the size estimate into human-effort, calendar time and
money.

3. The degree to which the project plan reflects the abilities of software team.

4, The stability of product requirements and the environment that supports the
software engineering effort.

* Sizing represents the project planner’s first major challenge. [n thl.f context of project
planning, size refers to a quan tifiable outcome of the software project.

* The sizing v:an be estimated using two approaches - a di:'Eﬂ appma‘df‘ in which ll'.InE'-s
of code is considered and an indirect approach in which computation of function

S ches for sizing the problem -
* Putnam and Myers sugges-ted four different approa ing P

1
" Flazy logic sizing |
I]_'l Ehig prmach -PI anner '|]'I'|,I5t idﬂ‘l‘lﬁf}' N I

. |
“ The type of application. . '
© Establish its I:-‘Igl'litude on a qualitalive scale and then refine the magnitude

within the original range.
O
e e ATIONS™ - st st TR



T

5-14

l M
Objact Criented Soffware Engineering torical database of the m

access to his
Planner should also have : ‘
¢ estimates can be composed to actual experience

2. Function point sizing ‘ "
Planner develops estimates of the information domairn.

3. Standard component sizing _ e P o
There are various standard components used in software. Ponents 4.,

subsystems, modules, screens, reports, interactive, programs, batch program, files, Loc
and Object-level instruction.

The project planner estimates the number of time these standard components are ygag
He then uses historical project data to determine the delivered size per standarg

compaonent.

4. Change sizing
This approach is used when existing software has to be modified as per the
requirement of the project. The size of the software is then estimated by the number and
type of reuse, addition of code, change made in the code, deletion of code.
* The result of each sizing approaches must be combined statistically to create three-
point estimate which is also known as expected-value estimate.

Problem based Estimation
* The problem based estimation is conducted using LOC based estimation, FP based
estimation, process based estimation and use cased based estimation,
* LOC and FP based data are used in two ways during software estimation -

1. These are useful to estimate the size each element of software,

2. The baseline metrics are collected f !
. g e rom past project and LOC and FP datais
used in conjunction with estimation variable j

for the project. (LOC) and (FP) estimati :
Yet, both have numbe pecmalin ¢

t‘hE" applied to the appropriate estimai®
unction ig derived,
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et : ﬁ.-q:mﬂﬁamagmﬂ-‘
, Function estimates are combined to obtajn an overall estimate for the entire project
, Using historical data the project planner expected value by considering ¢ ﬁ i
yariables - W
L .gpﬁmisﬁc
7. Most likely
3, Pessimistic

For example, following formula

Faw i

| 8=[Sop +4°5,, +5m];5_f
considers for "most likely” estimate where S is the estimation size variable, represents
the optimistic estimate, represents the most likely estimate and represents the pessimistic

estimate values.

LOC based Estimation
+ Size oriented measure is derived by considering the size of software that has been

produced.
+ The organization builds a simple record of size measure for the software projects. It

is built on past experiences of organizations.

* Itis a direct measure of software

m LoC Effort  Cost($) Dm{ﬂn‘ﬂ-l Errors Defects People
ABC 10,000 20 170 400 100 12 4
PR 20,000 go @ 300 1000 129 32 6

e

"*E._ 35,000 &5 522 1290 280 iy 7

Table 5.8.1 Size maasure

L] 4 E'imP]E' set of size measure that can be dE"'r"l.'Iﬂ'PE'd 15 as E1ven below :

* Size =Kilo Lines of Code (KLOC)
» Effort = Person/month |

naeith
* Productivity = KLOC/person-mont

\\_‘-H—___—___-—#——_—’H_WWM

TECHNICAL PUBE
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« Quality = Number of faults/KLOC

s Cost= S.HKLDC

» Documentation =
e The size measure is based on the lines of code computation. The lines o o
defined as one line of text in a source file. I

* While counting the lines of code the simplest standard is :

» Don't count blank lines.
s  Don't count comments.
= Count everything else.

® The size oriented measure is not universally accepted method.

Pages of documentation/KLOC

Advantages
1. Artifact of software development which is easily counted,
2. Many existing methods use LOC as a key input.

3. A large body of literature and data based on LOC already exists.

Disadvantages
1. This measure is dependent upon the programming language.
2. This method is well designed but shorter pProgram may get suffered.
3. It does not accommodate non procedural languages

#. In early stage of development it is difficult to estimate LOC
Example of LOC based Estimation

iMportant modules such as,

1. User interface and control facilitieg

2. 2D graphics analysis

3.3D graphics analysis

4. Database management

3. Computer graphics display facility
6. Peripheral contro] function

7. Design analysis models

Estimate the Project in based gp, LOC
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for estimating the given application we consider each module as

| : ”Pﬂrate function
o corresponding lines of code can be estimated in the following table

&8,

A SN m—
‘Umh\tiﬂace and Control Facllit <s{UICE) =
2D graphics analysis(2DGA) o
E 3D Geometric Analysis function(3DGA) =
Database Management(DBM) e
| Computer Graphics Display Faciliey(CGDF) 4740
Peripheral Control Function(PCF) —
Design Analysis Modudes (DAM) 7950
 Tatal estimation in LOC | 32620
» Expected :DC for 3D Genmetri-.: analysis function based on three point estimation
is -
o Optimistic estimation 4700
o Most likely estimation 6000
10000

o Pessimistic estimation
§ = [Syp+(4*5m)* S pess )6
Expected value = [4700 + (4 * 6000) +100001/6 — 6450
* A review of historical data indicates -
1. Average productivity is 500 LOC per month
2. Average labor cost i5 $6000 per month
Then cost for lines of code can be estimated as
cost/LOC = (6000/500) = $12
By considering total estimated LOC as 32620

12 = 4391440
* Total estimated prﬂjEd cost = {il;&;;ﬂﬁ]ﬁ]} =65 Persﬂﬂ-mﬂnﬂ'lﬂ
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vons with theit pstimated lines of code given below
Example 5.5.1 LSl R

Function LOC
Funct 2340
Funci2 5380
Functy | 6800
Functd 3350
Functs | 4950
Functt 2140
Funct7 | 8400

Average productivity based on historical data 15 620 LOC/pm and Labour rate is <8000
month. Find the total estimated project cost and effort. mm

Solution ;: We will first compute total estimation in LOC.

q'-.' " i __.-_- e m .- Lﬂc

T

538()

6800

3350

4950

2140

8400

33360

s A review of l“ushrmc data indicates
1) Average productivity is 620 LOC/per month
2) Average labour cost is T 8000 per month
Then cost for lines of code can be estimated ag
Cost/LOC = 8000/620=%13 approx

By considering total estimated LOC as 33360
» Total estimated project cost = (333¢( *13)

= 433680
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07 estimated project effort = (33360620
] = 54 person-months

Project Management

M If Team A found 342 errors prior to release of software and Team B found 182

e What ﬁddl:':.:'{mﬂf measures and metrics needed to find out if teams have removed the

grrars i MF‘EWI#IIH ALl : May-18, Marks 4
galution ¢ The additional measures and metrics needed to find out if team have removed
effectively or not are -

1 Errors per KLOC (thousand lines of code)

7y Defects per KLOC
3.6 per LOC
3, Pages of documentation per KLOC

The LOC based metric can be chosen to understand the errors.

BEH Function Oriented Metrics
+ The function point model is based on functionality of the delivered application.
v These are generally independent of the programming language used.
» This method is developed by Albrecht in 1979 for IEM.
* Function points are derived using :
1. [j{}untab]e measures of the software requirements domain.
2. Assessments of the software complexity.

How o calculate function point ?
* The data for following information domain characteristics are collected :

L. Number of user inputs - Each user input which provides distinct application data

to the software is counted.
2 Number of user outputs - Each user output that provides application data to the

User is counted, e.g. screens, reports, error messages.
* Number of user inquiries - An on-line input that results in the generation of some

"Mmediate software response in the form of an output.

4, Number of files - Each | ogical master file. i.e. a logical grouping of data that may

Part of a database or a separate file.

:Iumhfr of external interfaces - All ™

v Smit information fo another system are c¢

mn;?gafﬁzaﬁﬂn needs to develop criteria which
8imple, average or complex.

e

TECHNICAL UBLICATIONST - ant UP

achine-readable interfaces that are used to

unted.
determine whether a  particular
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I i u
ng factors should be determined by observations or by EXPerimen,

.- The weighti

- T , e N ! e o
e e A o Welghting factor Couns
smaln characteristics  Count

i 3 4 ﬁ

B o+ !

' ;.{ 1 4 b
e 10 15

% s 7 10

'\-u . Faerk, s

can be computed with the help of above given table.

e Now the software complexity can be computed by answering following questions
These are complexity adjustment values.

]'I
2
3.

e B

e

10.
11.
12,
13.
14.

® Rate each of the above factors accordin
* Function Points (FP) = Count tota] x (0

Does the system need reliable backup and recovery ?

Are data communications required ?

Are there distributed processing functions ?

Is performance of the system critical ?

Will the system run in an existing, heavily utilized operational environment?
Does the system require on-line data entry ?

Does the on-line data entry require the input transaction to be built over
multiple screens or operations ?

Are the master files updated on-line ?

Are the inputs, outputs, files or inquiries complex ?

Is the internal processing complex ?

Is the code which is designed being reusable ?

Are conversion and installation included in the design ?

Is the system designed for multiple installations in different organizations ?

Is the application designed to facilitate change and ease of use by the user?

g to the fl:l]lm-'-l'l'ng scale :
65 +(0.01 x Sum(F))

— _ﬁ_'_'__,_._w-"'
TECH ThICAL FU-E-UT:R Wﬂ' B LDt ALl i s de -
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0 1 2 3
—_T | | | 'r"f 'ii
Incidental Moda
inﬂflgﬂﬂ fate  Average  Significant  Essental

, Once the functional point is calculated then we can compute various measures as
follows
» Productivity = FP/person-month
Quality = Number of faults/FP
s Cost= EJ'IFP
« Documentation = Pages of documentation/FP,

Advartages
1. This method is independent of programming languages.
2.1t is based on the data which can be obtained in early stage of project.

Disadvantages
1. This method is more suitable for business systems and can be developed for that
domain.
2 Many aspects of this method are not validated.
3. The functional point has no significant meaning, It is just a numerical value.

28] Example of FP based Estimation
Fp mﬁfﬁ on informaton domain values rather than software functions. Thus we
eale 3 function Pl.'.lil'lt calculation table for ABC FII:'G]EJ:T

- — AT
DOMAIN " most essimistic | estl | weight

o VALUE | Opt. | most | P o .
Ei“fm 14 17 & .4 : |
W 17 23 Cae s 2 -F
EELE . i 7 538 | 10

Em"—* EXTERNAL| 2 3 2 7
=

* F i g - . - F]E:ﬂt}'r wt:ghﬁng factor
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factor is estimated and the complex;
lexity factor table below.

Object Orisnted Software Enginesring

e Each of the complexity weighting
factor is computed using the comp

(Based on the 14 questions)
: FACTOR VALUE (F).

Back-up and recovery 4
Data communication ? 2
Distributed processing * 0
Performance critical ? 4
Existing operational environmerit ? 3
On-line data entry ? 4
Input transactions over multiple screens ? 3
J
5
5
4
3
5
5

Omnline updates ?

Information domain values complex 7
Internal processing complex 7

Code designed for reuse ?
Conversion / installation in design 7
Multiple installations ?

Application designed for change ?

EPFH?FPWHrf?

o
= B R E

The estimated number of adjusted FP is derived using the following formula : -
FP ESTIMATED = (FP COUNT TOTAL * [COMPLEXITY ADJUSTMENT FACTOR]
EP ESTIMATED = COUNT TOTAL* [0.65 + (0.01* 2 > EN

Complexity adjustment factor = [0,65 + (0,07 * 52)] =1.17

* FPESTIMATED = (381" 1.17)=446 (Function point count adjusted with

0 3 s
* A review of historical data indicates . mplexity adjustment factor)

1. Average productivity is 6.5 FP/Person month
2. Average labor cost is $6000 Per month
* Calculations for cost Per function poj
point, total estimated i 1 effort
T Tl i o point. (5000 o Project cost and tota
2, Total estimated project cost = (446 * 923) = $411658

3. Total estimated
ed effort = (446 / 6.5) = 9 Person-month.
TECHNICAL PUBLICA Tiong® ===

LR T TR S,
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M Study of requirement specification for ABC project has produced following

. 7 inputs, 10 ou Y
HSH!H-HEEJJFW PULS, bputs, 51ﬂql.um5f 17 files g .
and pyternal interface function point files and 4 external interfaces. Input

ﬂf‘h"fh‘ﬂffﬂ are ﬂfﬁm .
tion points attributes are of low ¢ omplexity ge complexity and all other

petermine adjusted function poinis assuming complexity adjustment value is 32,

on : Given that :

goluti
7 inputs
10 Outputs
f inquiries
17 files
s external interfaces
Average complexity for inputs and external interfaces. Low complexity for remnaining
i Pa]'amE'tErs.
| Adjusted function point value » (F)=32.

Let us calculate count total value, -

Measurement parameters Count Weighting factor 9
® Simple Average |Complex

Number of user inputs 7 x 4 28
Number of user outputs 10 X 4 40
Number of user inquiries & K A 18
Number of files 17 Koy 119
Number of external 4 % F 28

| Merfaces .

3 cq"mbutal A _ 233

SR LN .
inction point = Count total x [0:65+ 001 S(F,)]

_ 233 %[0.65+0.01% 32]
= 233 % [0.65+ 0.32]
= 233x0.97
Hen FP = 226.01
“® adjusted function point is 226.01

h-""-—_._______ _____Whr pnowledge

TECHNICAL PUBL!

\ | N
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. . 10 low external inputs, 8 high exter,
has ﬁmﬂfﬂﬂﬂﬂg '

] An application external interface files, 11 avergq, xta

Example 3

: - , 17 high :
owtputs, 13 low internal E':: ::3 factor of 1.10. What are unadjusted ang M-l:;
inquires and complexity adj M
function point counts ?

The unadjusted function points are calculated using predefined weighyg ¢ each
Solution : unadjus

function type which is as given below.

Weighting Factors

Low Average  High

3 4 6
4 5 7
3 4 6
i 10 15

3 7 10

The Unadjusted Function Point (UFP)

= Z Functional units x Weighting factor,

{{1ﬂx3}+{ﬁx?]+{13x?}+{1?:-: 10)+(11 x 4))
= (30+56+91 + 170+ 44)

UFP = 391

Adjusted Function Point (Fp)

= UFPx Cnmplexit}r adjustmen factor
= 391 %110

FP = 430.1p




| Engineering 5-25 Project Management
mligr Hw following function point components and thelr complexity. If the
degree of influence is 52, find the estimated function points,

pobal
Function type_| Estimared count | Complexity
ELF 2 4
ILF y %
EQ n d
EQ it
Ei 24 ]

gtion : We will first compute count total

5al
F____F-mtﬂﬂﬁ type o P Weight FP count
ae : 7 2x7=14
j 2 10 4x10=40
22 4 23 w4 =BE
5 16 5 16 % 5= 80
= 24 4 x4 =96
El
318
Count Total (VFF)
We will compute complexity .
i 01 + U
Adjustment factor (CAF) = Degree of influence x 0
- 52 % 0.01+0.65
CAF = 1.17
I Fp = UFFP X CAF
= 318x1.17
FF = 372

.E'ﬂ'ﬂlf JFTFH 15,

%ﬂ" application has followims : Iiﬁgrsﬂemr Interface Files, 12 Average
Outputs, 20 LOW Internal Logical Files
,,;:-Emﬂl Inguiries and a wvalug adjustmen .

31;. }Wﬁiﬁlﬂﬂtmﬂ Fﬂ‘fﬂ!{ﬂﬂﬂf g ﬂ,llﬂtﬁ'd using Pr{-;'cl:lﬂfl

‘“:':n:r.h : The unadjusted function points 8 &

- unadjus

which is as given below

;Jﬂ;ﬁ'w?‘ qf 1.10.
ned weights for each
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_'—_hhh'"\_"'!_
| Functional Units Weighting Faciors e
~ Functiona
% o Average _Hl;hh‘““‘"ﬁ
g
External Input 3 ! £
. R =
External Qutput 4
4 N
External Inquiries 3
U _-_-_-_'_"‘—h.
Internal Logical Files 7 1 15
_-_-_'_'—‘—-.
External Interface s i 10
L Files :
. o

The Unadjusted Function Point (UFF)
- Z Funtional units x Weighting Factor
= (10x3)+(12x7)+(20x7)+(15x10) + (12x 4)
= (30+84+ 140+ 150 + 48)
UFP = 452
Adjusted Function Point (FP)
= UFP x Complexity adjustment factor
= 452 x 1.10
FP = 497.2

EERPIEER] Compute the function point FP for a payroll program that reads a file of
employees and file of information for the current month and prints cheques for all the

employees. The program is capable of handling an interactive command to print an
individually requested cheque immediately. m
Solution : From given data -

1. Reading a file of employee and file of information for
upr:ratim

current month = 2 input

2. Print cheques of employee = 1 output

3. There are two files : File of employee and file of information for current montt
4. Interactive command means = sy enquiries

We assume complexity adjustment factor and wej ghting factors are average-

Bl WHE
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Coun
: Average
Al weighting
Number of input I 5 1 actor
[ -
Number of user output _-_-_-T_"'_‘—'— 3 8
| — i 3
Number of user inquiries _-_-_'_-_l_'_"‘_‘—'—-— :
X
e 4
Number of files 5 3
. 10 =0
Count total = 37

F'l.lnfl"i i = 8
On point = Count total x| 0.65 +[ﬂ.ﬂ1x2ﬁﬂ

i=1

37 (0.65 + (0.01 x (14 x 3)) =37 x (0.65 +0.42)

37 (1.07)
Function point = 3959

SEWEEREY Compute function point palue for a project with following information domain
characteristics : '

No. of external inputs - 30

No. of external outputs - 52

No. of external inguiries - 22

No. of log files - 12

No. of external interface files - 2

Assume complexity adjustment values for above are average (4, 5,4, 10, 7 resgmﬂﬁj.

14
Solution, Funcion Point (FP) = Count total x| 0.65 + t:r.m.-s-:Zﬁ
i-1
Now we will compute count total

Count tota] = Z (Information domain characteristic x Complexity adjusmgﬁt

values)
[(30 x 4) + (52 x 5) + (22 % 4)+ (12 x 10) + (2% 7)]

= 120 + 260 + 88 + 120 +14

Count total = gp2

\\

TECHNICAL PUBLICATIONS™ - an up-thnust for knowlacige
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14
FP = 602 x| 0.65 +!U-UI“ZF'}
i-1

602.% [0.65 + (0.01 % (14 x 3))]
= 602 x (0.65 + 0.42)

= 602 x 1.07

= f44.14

L]

<« Function point = 644.14

Review Questions

T —

1. How is functional point analysis methodology 1= applied in estimation of software size 7
Explain. Why FPA methodology is better than LOC methodology 7
Discuss about the metrics for small organizations. m '

3. Explain the function point approach to establish the size of a project.

4. Discuss the process of function point analysis. Explain function point analysis with sample
cases for components of different complexity. M
3. List the features of LOC and FP based estimation models. Compare the two models and list the

advantages of one over other, AU : May-19, Marks 13

6. Outline the steps in function point analysis with an example. AU : Dec.-19. Marks 15
Brief out the importance of LOC and FP cost estimation. AU : May-22, Marks 7

Make Buy Decision AU - May-16, Marks 8

Software engineering managers are often faced with a make-buy decision to acquire 2

computer software. Normally following are the options that are used to acquire the
software.

1. Purchase or buy the software,

2. Reuse existing partially built components to construct the
3. Build the system from scratch.

4. Contract the software development to an outside vendo
.

E}rstem.

The decision of acquisition of software

For example - Consider the make-buy decision tree for system S




B

Project Managemen(

$380,000

$450,000

$275,000
$310,000

System S A

$210,000

$400,000

$350. 000

$500,000

Fig. 5.9.1

Expected cost can be computed for each branch using following formula,
¥ Path Probability : Estimated pal:hJ
pees o ofdecision tree path cost

an be computed as :

For example for the branch system 5 — Reuse ¢
- 310 K) + 0.80 ($490 K))]

Expected costy,,, = 0.40($275 K) + [0.60 (020 (5
= §110 K + [0.60 ($ 62 K +$392K]}]

= $110 K + [0.60 ($ 454 K]
= $110 K +$2724 K
= $382 K | | _
Th'LlE the ted cost at EEC]'I. n{]dE can be :m‘tputﬂd. It 18 summensed as given
expec
Doy .
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F i conclude that by purchasing the software we select fo, |
rom this we can e _ Oy
should not be a crite acquire the )
Oftware

ex cost option. But simply cost b .
m@iﬁﬁﬂjm making process for software acquisition following factors shoy)g also b,

considered.
1. Availability of reliable software.
2. Experience of developer or vendor or contractor.

3. Conformance to requirements,

4. Local politics.

5. Likelihood of changes in the software.

These are some criteria which can heavily affect the decision of make-buy of software_

EEX] Outsourcing
Outsourcing is a process in which

Strategic
~ software  engineering  activities  are
contracted to a third party who does the
work at lowest cost with high quality. Approach to
) N , outsourcing = = Tactical
In strategic level, the significant portion of — c3n pe
software work can be contracted to third
party.
= Financial

In Tactical level, a project manager
determines whether part or all of the Fig. 5.9.2 Approaches for outsourcing
software can be "accomplished with good

quality by contracting it.
In financial level, the cost is the prime factor in the decision of outsourcing,
Benefits of outsourcing

1. Cost savings - If a software is outsourced then people and resource utilization can
be reduced. And thereby the cost of the project can be saved effectively

| 2. Accelerated der\relnpmenl' - Since some part of software gets developed
.51mu]tanEﬂu5]y by a third party, the overall development Process gets accelerated.
Drawbacks of outsourcing

1. A softw
i soltware company loses some control pyer the software as it

2. The trend of outsourcing will be continued
in competitive world.

is developed by third

in software industry in order to su™*"""

Sl L
TEchnMPuEumnms&hm“ml = =
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cOCOMO | Model
CCK:UMD I:: m: ﬂ;hF Tmt widely used software estimation models in the world.
:;chfk in 1981 by Barr:,r Boehm to give an estimate of the number of

t ake to develop a software product. COCOMO predicts the efforts
«chedule of a software product based on size of the software. COCOMO stands for

This model is
months i

and

\cOmstructive COst MOdel".
c0COMO has three different models that re

+ Basic model
s [ntermediate model
« Detailed model.

Similarly there are three classes of software projects.
¢ mode : In this mode, relatively small, simple softwa

1) Organi
team are handled. Such a team cshould ha

requirements.

2) Semi-detached projects : In this class a
mived experience level are handled. Such pr
figid requirements.

3) Embedded projects :
%Perational constraints are handled.

Let us understand each model in detail.

1) Basic model : The basic COCOMO mode

Wi

1

g only Lines of Code. Various equatiﬂﬂf- in
E = a,(KLOO™
D = c(E)"
P = ED

Where £ is the effort applied in Perso™ ™"

Dis the development time in chr©
KLOC means kilo line of code for

P is total number of persons re
Coefficients a,, by, Cbr d, for

nolo

n intermediate pr
ojects may have mix of rigid and less than

In this class, projects with Hg

flect the complexity -

re projects with a small

good application experience to less rigid

ojects in which teams with
ht hardware, software and

estimates the software development effort

this model are -

Eical months.

des are as given below.

S
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Table 5.10.1

Merits of basic COCOMO model _
Basic COCOMO model is good for quick, early, rough order of magnitude estimates o
software project.

Limitations of basic model
1. The accuracy of this model is limited because it does not consider certain factors for
cost estimation of software. These factors are hardware constraints, personal
quality, and experience, modern tachniques and tools.
2. The estimates of COCOMO model are within a factor of 1.3 only 29 % of the time

and within the factor of 2 only 60 % of time,

Example
Consider a software project using semi-detached mode with 30,000 lines of code. We

will obtain estimation for this project as follows -
i) Effort estimation
B - ah{ElDC:r"“
ke, £ = 30(30)"* where lines of code = 30000 - 30 KLOC
E = 135 person-month
ii) Duration estimation
D = C,(Ey*
= 2.5(135)
D = 14 months

iii} Persons estimation
P = ED
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termediate model

. This i5 a1 extension of Basic COCOMO maodel. This estimation model makes use of set
£+Cost driver attributes” to compute the cost of software.

i

i = Product attribules
i

* Required software rekability
= Size of application database
» Complaxity of software

Hardware attributes
» Run-time performance constraints
Cost ¢ Memory consiraints

= » Violatility of virtual machine

alﬁiﬁ;ft:a:ﬁ + Computer iumabout time

L ]

+= Parsonnel atinbutes

» Analyst capability

» Software engineer capability

» Applications -E::{;IIEI'IEH!:EE

» Virlual machine experiance

» Programing language expenence

« Lse of software tools
« Applications of software
| angingering methods
| « Required development schedule

| * - = g
| i g § - Hi Veery oty
| Now these 15 attributes 8 - ey Low ~ MNominal i high high

- Fpoint seale ranging from "very low" |ow
0 "extra high". These ratings can be

Viewed as i iven
. ar attribute is as gl .
The effort multipliers for each m:t:ﬂ;f?nrl Adjustment Factor" (EAF).

1

f_j‘ilf_ct_nf all effort multipliers resul Ratings
ﬂh Very high Extra

in following table. The

e Nominal high
Cost drivers verylow Lo ig
— Product attributes . 1,15 1.40
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plexity of software 0.70 (.85 1.00 115
Hardware attributes
- Run-time performance 1.00 1.11
constraints
'~ Memory constraints 1.00 106
~ Volatility of virtual machine 0.87 1.00 1.15
‘ .
Computer turnabout time 0.87 1.00 1.07 1.15
___Personnel attributes o
Analyst capability 1.46 1.19 1.00 0.86 0.71
Software engineer capability 1.42 1.17 1.00 1.86 0.70
~ Applications experience 1.29 ' 1.13 1.00 .91 0.582
- Virtual machine experience 1.21 1.10 1.00 0.90
Programming language j
s 1.14 1.07 1.00 0.95
Project attributes
toe of software bools 1.24 1.10 1.00 0.91 0.82
.&ppliﬁtim'ﬁ of software
E g e 1.24 1.10 1.00 051 0.83
E deve ment
m“jq‘mdw kip : 1z 1.08 1.00 1.04 1.10
Table 5.10.2
The formula for effort calculation can be -
E = a; (KLOC)™ EAF person-months

The values for a, and b, for various class of software projects are -

i

Table 5.10.3

The duration and person estimate is same as in basic COCOMO model. j.e.

D = 'l-'.“h'[E]- ¥ ITlDI'Il'hE

P = E/D persons

1.e. use values of ¢, and d, coefficients

that are in Table 5.10.1
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1. This model can be applied tg a1,
estimation during early stage,

re
accurate cost E"Eﬁmal'iﬂn. Product Component leve] for obtaining more

Limitations of intermediate mode)

1. The estimation is within 20 o, of actual 68 9, of the tim
2,

2. The effort multipliers are not dependent on phases

3. A product with many components is difficylt
Example

to estimate.

Consider a project having 30,000 lines of code which is an embedded software with

critical area hence reliability is high. The estimation can be
E = a,(KLOO)" .EAF
As reliability is high, EAF = 1.15 (product attribute)
a;=2.8
b, =-1.zu} for embedded software

E

2.8(30)"™ «1.15
= 191 person-month
D = ¢ (E)% = 2.5(191)%
= 13 months approximately
P = ED
= 191/13
P = 15 persons approximately

3) Detailed COCOMO model |
The detailed model uses the same equations for estimation as the Intermediate Model.

But detailed model can estimate the effort (E), duration (D) and persons (P) of each of

dwalﬂpmeﬂl' phases, subsystems, modules.
The experimentation with different develop

Four phases used in detailed COCOMO model are -
. Requirements Planning and Product Design (RPD)
2 Detailed Design (DD) |
3. Code and Unit Test (CUT)
% Integrate and Test (IT)

e e an up st for hmowiedge

ment strategies is allowed in this model.
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The effort multipliers for detailed COCOMO are Pl
" Phases  Verylow ‘Low Nominal  High e io
. RPD 1.80 0.85 1.00 o i
ooy
DD 1.35 0.85 1.00 L .
_-_-_‘_‘_‘_"""'-
cut 1.35 0.85 1.00 090 s
e 150 1,20 1.00 0.85 Eie

Using these detailed cost drivers, an estimate is determined for each phase of the

lifecycle.

Review Questions

—

1. Describe in detail COCOMO model for software cost estimation. Ilustrate considering o
suitable exemple AU May-17, Mk 13

2. Discuss about the COCOMO models (Basic, intermediate and detailed) for cost estimation,
ALl : May-14, 15, Marks 16

3. Explain how effort and cost estimation are determined using COCOMO model ?

5. Explain COCOMO model for software estimation,

COCOMO li Model A 4,15,16,19, May-07,16,17,18, Marks 16

COCOMO 11 is applied for modern software development practices addressed for the
‘projects in 1990's and 2000's, |

The sub-models of COCOMO II model are -

U: Dec.-07,10.11.1

1. Application composition model
» For estimating the efforts required for the

which the existing software components
introduced.

- ] .m
Prototyping projects and the project :
model ¥

are used application-composition
* The estimation in this modal 15 based on the numb t
er o

o The
i e 4 5 L irts-
application points are similar to the object points sl g




WMM Prject Managomont
anagamen
; imation is based |
rpis estima on the level of difficyl j i
' ; _ ty of object points.
goehm has suggested the object point productivity in the following manner.
T Atnbriencs aind

e

CASE maturity Verylow Low Nominal High  Very high

o 58
productivity (NOP/Month) 4 ? i

25 50

+ Effort computation in ﬂPplicaﬁurhmmpusiﬁnn model can be done as follows -
PM = (NAP!-*reuseioth) [PROD
! where
PM means effort required in terms of person-months.
NAP means number of application points required.
| % reuse indicates the amount of reused components in the project. These
; reusable components can be screens, reports or the modules used in previous
projects.
PROD is the object point productivity. These values are given in the above table.

L An early design model

* This model is used in the early stage of the project development. That is after
gathering the user requirements and before the project development actually starts,
this model is used. Hence approximate cost estimation can be made in this model.

* The estimation can be made based on the functional points.

* In early stage of development different ways of implementing user requirements
can be estimated.

* The effort estimation (in te
the following formula :

Effort = A x size® x M

rms of person month) in this model can be made using

where
Boehm has proposed the value of coefficient A =2.94.
Size should be in terms of Kilo source lines of code i.e. KSLOC.
The lines of code can be computed with the help of function point. 1
The value of B is varying from 1.1 to 1.24 and depends upon the project.

e e
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M is based on the characteristics such as
1. Product reliability and complexity (RCFX)
2. Reuse required (RUSE)
3. Platform difficulty (PDIF)
4. Personnel capability (PERS)
5. Personnel experience (PREX)
6. Schedule (SCED)
7. support facilities (FCIL)
These characteristics values can be computed on the following scale -

B

1 | | | | |
Very
proc high

* Hence the effort estimation can be given as
PM = 2,94 x size® xM
M = RUSE x PDIF x PERS x PREX x SCED x FCIL

3. A reuse model
¢ This model considers the systems that have significant amount of code which i
reused from the earlier software systems. The estimation made in reuse model is
nothing but the efforts required to integrated the reused models into the new
systems.

* There are two types of reusable codes - Black box code and white box code. The
black box code is a kind of code which is simply integrated with the new syster
without modifying it. The white box code is a kind of code that has to be modified
mnﬁectlm mme:xtmt before integrating it with the new system, and then only it can work

* There is third category of code which
can be generated automatically, [n
integrated in the generator, To these
from which some additionaj informati
be generated using the templates,

is used in reyse model and it is the code whid
this form of reuse the standard templates o




af e
l MMWEWW

a0 2 sm
where Prapect Managemen
AT is percentage of autumaﬁcajl}r generated cod |
ATFPRCOD is th Vi . |
€ productivity of Engineers in estimating such code

+ Sometimes in the reuse m :
developed code. The sizeﬂ::-l s0me white box code is used along with the newly
reused code. Following furmu]m_l-ate of newly developed code is equivalent to the
e 215 used to calculate the effort in such a case -
o ESLOC=ASLOC x (1-AT/100) x AAM

where
ESLOC means equivalent number of lines of new source code
ASLOC means the source lines of code in the component that has to be adapted.

AAM is adaptation Adjustment multiplier. This factor is used to take into account the
efforts required to reuse the code.

4. Post architecture model

e This model is a detailed model used to compute the efforts. The basic formula used

in this model is
Effort = A xSize”xM

s In this model efforts should be estimated more accurately. In the above formula A is
the amount of code. This code size estimate is made with the help of three
components - \

dded in the program.

1. The estimate about new lines of code that is 2
source lnes aof code (ESLOC) used in reuse model. | |.

2. Equivalent number of i

3. Due to changes in requirements the lines of code get modified. The estimate of

beei modified. | |
- @ values that are related to the levels of project

rather than discrete. It depends upon the five

low to extra high (i.e. from 5 to 0).

amount of code
term B has three pussibl

complexity, The values of B are continuous
scale factors, These scale factors Vary from VEry

—_* These factors are Mpﬂu"

The exponent

Precedentedness

no P

ows the app

b

h means cient is res

Scale facto nt B :
r for Wme of organisation. Very low
e This factor is for pf?:ﬂuieifm high means the organisation

revious exper
Limﬁ_m dﬂﬂm]n-

l_“gd., E::tﬂ ME

rocess. Very low

—————

NS he {-_ﬁ]l{‘ll
ble far
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[ Architecture/risk resolution.  Amount of risk that is allowed to carry uum

little risk analysis is permitted and extra high Meang high |
analysis is made. igk

f-l-_ Team cohesion Represents the working environment of tm_le;h"“"‘

Very |
cohesion means poor communication or interaction pey Ezn E

team members and exira hl'gh means H"IIE'I'-E 15 no cnmuTﬁﬂiﬁm
problem and team can work in a good spirit.

Process maturity This factor affects the process maturity of the mﬂm
value can be computed using Capacity Mﬂﬁll‘ify Model (
questionnaire, for computing the estimates CMM matirity jey

L?E} ki - can be subtracted from 5.

* Add up all these rating and then whatever value you get, divide it by 100, Then add

the resultant value to 1.01 to get the exponent value.
* This model makes use of 17 cost attributes instead of seven. These attributes are
used to adjust initial estimate.

Cost attribute Type of attribute Purpose
RELY Product System reliability that is required.
CPLX Product Complexity of system modules
DATA Product ize of the data used from database
DOCU Product Some amount of documentation used
RUSE Product Percentage of reusable companents
TIME Computer Amount of time required for execution
: FVOL Computer _ Volatility of development platform.
STOR Computer Memory constraint
= Aﬂ:ﬁP Personinel Project analyst's capability to analyse the project.
; : T‘CAF 4 Personnel Programmer capability
PCI;EJH | Personnel Personnel continuity g
 PEXP | Personnel Programmer’s experience in project domain.
.. LTEX : Persomnel Experience of 'Ianguaggg and tools that are used:
EAABEa.  Person

lyst's experience in project domain.

TECHNICAL PUBLICA Tioma® . - e e

L T




TOOL Project
SCED Project ;
e Project sched M cimpression.
 SITE Project ok bt '
o s Quality of inter-sit and multi-site working,

Describe Ifﬂ detaill COCOMO model for saftware cost estimation, Use it 1o
estimate the effort vequired to build software for o sitiple ATM that produces 12 screens, 10

reports and has 80 ?‘E*i' i_w”“’ FEFHP?HETHS. Assume average complexity and aoerage develope
maturity. Use application composition madel with object points. w
golution : The number of screens, reports and components are weighted according the table as

|

Mﬂw
Object type Complexity Weight
Simple Medium Difficult
Screen 1 2 3
Report 2 5 8
| Software Components 10
As there is average complexity and average developer maturity, we will compute
thiect point as
Object point = 12#2+ 10=5+80+#10

Object point = 874

m Using COCOMO, estimate time required for the following :
1) A semi-detached model of software project of 2000 lines.

2) An embedded model of saftware of 30,000 Limes
3) An organic model of software of 01 lakin lines.
Eﬁlnindﬂ T:nlﬂif ::zﬁj:: ;ﬂﬁifﬂj -n-f COCOMO following formula can be
e,
E = a, (KLOO™
"Mt Eis the effort in person-month

By Eb{E}dh
onths.
“EIE Dis dWElﬂpmen‘l' Hme in fhrl:lnﬂlﬂgtcal m

1]




Given that, System = Semidetached
esof code = 2000 lines = 2 KLOC
E = a, (KLOC)™

E = 302""

E = 6.65 person-month
D = (B

D = 4.8 months

P = ED

P = 13= 1 person

& i a, Ch d,
2.4 1.05 25 03
30 112 25 035
A 3.6 1.20 25 032

aus 1 person can handle this project within approximately 5 months.

ven that, System = Embedded
nes of code = 30,000 lines = 30 KLOC
E ay (KLOQ)®
= 3.6(30)1%

213 person - month
D = ¢(B)*®

= 2.5(213)"%
D = 14 months

E/D
= 213/14

L]

m
i

=
i

= 15 persons,

hat means 15 persons can complete this project within

siven that,systern = Organic
ines of code = 1 lakh =109 KLOC

approximately 14 months.

Emmtmmw-mwhm
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M a, (KLOC)"™ Project Management
' = 2.4(100)"%
= 302 person-month
D = c(E)* = 2.5(302)"®
= 21 months
P = B
= 302/21
14 persons.

m

It

That means this project can be completed within 21 months by 14 persons,
appmximatelf,r,
5) Given that, System = Organic
Lines of code = 10 lakh = 1000 KLOC
E = a,(KLOQ™ = 2.4{1000)™
= 3390 person - month
D = c,(E)*
- 25(3390)"F
~ 55 months
P = E/D
3390/55
= 61 persons | )
This project can be completed within 55 months by 61 people z!pprnmnjat;éc‘u”ﬂ
w Calculate the effort and duration using the above details for basic
Model,
Given,
Number of user inputs = 15
Number of user outputs = 3

Nusmber af external interfaces = 11 o language is used).

2 tio
Hunction point = 20 LOC (as ﬁ:'urﬁé g::mgder. 1= 24, b=105c=25 d=035.

o
h*‘:l:h : We will first calculate FP from

*nd weighting factors as average:
UEP - 15x4+3x5+11X7 =

- sen data. AsSUME all complexity adjustment
give .

.
I'\.

152
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CAF = 065+001x (Y F) = 0.65+001x(14x3) =107

FPF = UFPxCAF = 152%1.07 =163
1FP = 20 LOC
163 = 3260 LOC =326 KLOC.
The basic COCOMO equation take the form
% E = a,(KLOC)™

D = C,(KLOC)™

For organic mode
E = 24(326)'% E = 8.28PM
| D = 25(3.26)™* D= 39M

Review Questions

1. Discuss about COCOMO II model for software estimation, AU : Dec.-15, Marks 10

2. Write short notes - COCOMO II.

3. Describe in detail COCOMO model for software cost estimation. Hiustrate considering suitable
example.

AL May-17, Marks 16, May-18, Marks 9
4. Elaborate the cost estimation COCOMO I cost estimation model,

ALl : Dec.-19, Marks 13

Software Configuration Management

Definition : Software configuration managemeﬁt

for identifying, organizing and controllin

_ computer software,

* During the development of software o
order to improve quality and reduce errg

is a set of activities carried 'Eﬂ-l"f.
g Eha.nges throughout the lifecycle of

ange must be managed and controlled in
L.

applied throughout the software process,

* The origins of changes that are Tequested for software are -
1. New business or market Positions cause th i
| e changes | irements. Due
which the changes need to occur, ik e

2. New stakeholders may require some changes in the existing requirements.

EEW —
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3, Due gnlbusmess growth or project extension, it is essential to makes changes in
the Fr{}IE{'E
i Sﬂﬂ’lﬂﬁmﬁ due to S'chE'd.uIE ar hudgﬂ' mnsh‘aints' Ehaﬂgi:ﬁ are must in Pj'ﬂjEEt.

, The software configuration management is concerned with managing evolving
software systems.

¢ Software configuration management is a set of tracking and control activities that
begin when a software dEFEIﬂPmE“t project begins and terminates when the software
s taken out of operation.

m SCM Basics

EEEEK] Gosls in Change Management

» During software development process; various roles and tasks are in volved.

+ The goal of project manager is to ensure that the project is getting completed within
given schedule and budget. Hence project managers continuously track the
progress of the project.

» The configuration managers ensures that the changes in the projects is
appropriately taking place and the testing is conducted thoroughly after the

modification in the project.
* The goal of software engineer is to wo

efficient code and error free code.
* Finally the customer uses the product, an_aI}'zE it and may request for the ch

rk on the assigned module to produce

ﬂﬁgf or
find out the bugs.

MEM of Configuration Management System
' Susan Dart identified four important elements for software co

management system. These elements are -

nfiguration

Elements of
" SCM
F
Consiruction Human
Component PO alement slement
I element glement
¥ Fig- 5.1 2.1
consists of collection of tools that are used for file

L E“'—'“Fﬂl'lent Elements : It

o Management system. For example - d
-‘-‘-"""'q_._____

atabases.

e
o wap-fhrust for Anowiedige

wmnﬂﬂmmﬁﬁ” -
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2. Process Elements : It consists of actions and tasks used du% Ehanmga

management and use of software.
3. Construction Elements : It is a collection of tools that automate the m“-'?-‘l'rucﬁﬂn

of software,
4. Human Elements : It consists of set of tools that are used by software team ¢,

implement software configuration management.

4] Baselines

* The IEEE (IEEE Std. No. 610.12-1990) defines a baseline as :

o A specification or product that has been formally reviewed and agreed upon,
that thereafter serves as the basis for further development, and that can pe
changed only through formal change control procedures.

* A baseline is a milestone in the development of software that is marked by the
delivery of one or more software configuration items and the approval of them is
obtained through formal technical review,

* The baseline is the shared project database. It is an SCM task to maintain the
integrity of the set of artifacts.

— . —
- -

Project
databasa

e
e
s e e -

T o T e -
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fig: 5122 represents the common software baseli :

o Stop1iThe Are engineering task produce one or more SCIs.
o Step 2 These SCIs are then reviewed and approved,

o Step3 : These are then placed in Project database or project library.

o PP 5 s EDHwaI:E engineer wants to make changes to baselined SCI, it is
copied to software engineers private workspace.

o Step 5: The extracted 5CI is modified only if SCM controls are followed.

Software Configuration Items

+ Software configuration item is basically the information that is created as a part of
software engineering process.

+ Examples of Software Configuration Items are
o Computer programs
- Source programs
- Executable programs
o Documents describing the programs
- Technical manual
- Users manual
o Data
- Program components or functions
- External data
- File structure
* For each type of item, there may be a large number of different ind _ _
Produced. For instance there may be many documents for a software s cation
Such as project plan, quality plan, test plan, design documents, programs, test
Teports, review reports.
* These 5CT of items will be produced
Sored again and so on.
" fach configuration item must have 2 unique name
"hich distingyishes it from other items of the same pe.

ividual items

during the project, stored, retrieved, changed,

and a description or specification

i in project repository or project

g updhrust for AnOiedT®
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Frojecy
Meny
* The software repository is basically a database that acts as a Center g, Do
accumulation and storage for software engineering information,

* The software engineer interacts with repository using tools that

are ml;'E
Blateg
within it,
EXEEX] Role of Project Repository
» Software repository is a collection of information accessed by software engineers i,
make appropriate changes in it.

This repository is handled using all the modern database management functipns,
It must maintain

important properties such as data integrity, sharing  4ng
integration,

The repository must maintain uniform structure and format for software
engineering work products.

To achieve these capabilities, the repository is defined in terms of meta-model. The
meta model determines -

i) How information is stored in repository ?
ii) How data can be accessed by using the tool ?

iii) How the security and integrity of the data is maintained ?

iv)How the existing model can be extended to accommodate new requirements ?

The Software Configuration Management can be performed by interacting with
repository. The repository must have toolset that provides support for following
features -

1. Versioning : As project progresses various versions of individual work PT”'d“‘:E
may get created. The repository must be agble to maintain all these versions and
permit the developer to go back

o previous versions during testing and
debugging.

d igt]'af-]"cd‘

. _ fstructed components, its designe |
then particular requiremeny can be traced out, The repository must have

TECHMINAL Bomme o _ﬁ_f#
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. g cﬂnﬁgunitiﬂﬂ Management : The repository must be able to keep track of series

of confi ations representing project milestones and production releases.

: Audit Trails : The audit trail.

ﬂ SCM Process
objectives of Software Configuration Management process (SCM) are -

The primary
1, Configuration Identification : Identify the items that define the software
configuration.
» Change Control : Manage changes to one or more items.
3 Version Control : Facilitate to create different versions of the application.

4, Configuration Authentication : To ensure that the quality of the software is

maintained as the configuration evolves over the time.
The SCM process must be developed in such a way that

aswer the following set of questions -

1. How does the software team identify the software configuration items ?
software before and after

the software team must

2. How does the software team control the changes in the

delivering it to the customer ?
3. How does the software team manage the ¥
software package ?
4 How does team get ensured that the changes are made properly 7
5. Who is responsible for approving the changes in the software 7
The answers to these questions lead the definition of five tasks of SCM and those
e - Identification, change control, version control and configuration audit and

ersions of the programs in the

HWMHIDI:}&:E in Software Configuration | .
oftware configuration items must be separately named and identified as object.

sic objects and aggregate objects.

on created during requirements analysis,

ati
art of source code.

basic object can bep
d other aggregate abjects. For

.ha‘i‘: object is unit of inform

L ﬂg;m coding or testing. For example ;

L “Bate object is a collection of basic “b'ﬂjm -
Mible SRS or data model can be 28E regate object
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* Each object can be uniquely identified because it has got - |

1. Name : The name of the object is nothing but the collection of charactey, {Sh"lng;,
or some text. It is unique,

2. Description : For describing the object, the object description can be Biven, Ty,
description contains document, program or some other description Stich
project identifier or version information.

3. List of resources : The resources are the entities that are used for acCessin

referencing and processing of objects. The data types and functionalities can
SETVE as a resource.

4. Realization or identification : It is pointer to object.

* The configuration object identification can also consider relationships that exjs
between the named objects.

If a change is made to one configuration object it is possible to determine which

other configuration objects in the reposi tory are affected by the change.

* Basically object evolve throughout the software process.
object identification the evolution of
identified.

* Major modifications in the object must be noted,

During the process of
objects along with its process must be

:¥3 Change Control

* Changes in any software projects are vital. Sometimes, introducing small changes in
the system may lead to big problems in product.

* The change control process is shown b

y following Fig. 5123,
(See Fig. 5.12.3 on next page)

=]

Step 1: First of all there arises a need for the change
Step 2: The change request is then submitted by the user.

Step 3 : Developers evaluate this request g assess technical merits,
effects and overall impact on System functions and cost of the proj

L=

L]

ect.
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ng'ﬂ‘l—-——-— —_'_——-——-—-_._.___________FEEM
I Mead for change j
1

I Change request

1

Evaluation of request

'

Generation of change I

1

&tﬁin_n of CCA for change
Dandal ulm request E!“h;tg:gﬂmﬂm;ﬂr accepiad
Infimale user about denial Assn%n iru:.!i-.:'dua_ls ]
configuration object

!

Chack out configruralion
objects

Make changes, review them

1

Check in the object
that have been changed

:

Parform S04 and testng
aotivities

]
Pramate changes in next
release

1

Rebuilt appropriate version

Dislribute the new WErsian

-]
Fig. 5.12.3 Change control proces

'_'_,_ﬂ_._

k__, _._._.d_—._ﬂ_-_
¢ e unt o kWS .
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Step 4 : A change report is then Eeneral:ed and presented to the Change Gt
Authority (CCA).

Step 5: The change control authority is a person or a group of people who makes
a final decision on status or priority of the change.

Step 6 : An Engineering Change Order (ECO) is generated when the change gy,
approved. In ECO the change is described, the restrictions and criteria for revie,
and audit are mentioned.

Step 7 : The object that needs to be changed is checked out of the project
database.

Step 8 : The changes are then made on the corresponding object and appropriate
SQA activities are then applied.

Step 9 : The changed object is then checked in to the database and appropriate
version control is made to create new version.

The checked in and checked out mechanisms require two important elements -

Access control

Synchronization control

The access control mechanism gives the authority to the software engineer to access
and modify the specific configuring object. The synchronization control mechanism

allows to make parallel changes or the changes made by two different people without
overwriting each other's work.

Version is an instance of a system which is functionally distinct
other system instances,

AR Version Control

in some way from

Version control works to help manage different versions of configuration items

during the development process.

The configuration management allows a user tg specify the alternative
configurations of the software system by selecting appropriate version.

Certain attributes are associated with each software version. These attributes &%
useful '

in identifying the version, For example : The attribute can be ‘date’,’ creator’

‘customer’, ‘status’.

In practice the version needs an associated name for easy reference.

1




B

e

( oriented SOMWETE Enpeenty . 5-853
W ; Project Management
ctorent versions of a s stem ¢
. pif 4 ¥ an be shown by an evolution graph as shown in
Fi_E;. 5.11 .

rsion of software . :
, EachVE system is a collection of software configuration items.

Fig. 5.12.4 Version numbering in evolution graph

[EFEX] Configuration Audit
+ In order to ensure that the change has been properly implemented or not two
activities are carried out.
1. Formal Technical Review (FTR)

3 Software Configuration Audit
« In Formal Technical Review, the correctness of configuration object is identified and

corrected. It is conducted by technical reviewer.

e The software configuration audit assess the co
characteristics that are not reviewed in formal technical review. 1t 1s conducted by

software quality assurance group:

nfiguration object for the

* Following are some primary questions that are asked during configuration audit -

Whether FTR is conducted t0 assess the technical correctness 7

1.

2. Whether or not the chan
3. If additional changes need t0 be ma

4 Whether the software engineering S0
3,

6.

T

ge spe-tjﬂed by ECO has been made ?
de or not ?
dards are properly followed 7

Do the attributes of c:;;nﬁguratinn objects reflect the change ?

Whether all the SCI are updated properly 7 |

Whether the SCM roCess {object identification, change and version control,
: E pmﬁ_ng} are pruperl}f followed 7

configuration audit and status € ‘ |
rt of form al technical review.

" The above questions can be asked as a P4

i ey
T frusi far knowiedge

-
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Rev

The status reporting focuses on communication of changes to all people ;. "
organization that involve with changes.

During status reporting following type of questions were asked.

1. What happened ?: What are the changes that are required ?

2. Who did it ?: Who will be handling these changes ?

3. When did it happen ? : The time at which these changes are arised.

4. What else will be affected ? : The objects or part of the software that might be
reflected due to these changes.

lew Questions

1.
2,

What is configuration managemient repository ? Discuss role and features of 5CM reposilory,
Which are the layers of SCM process ? Explam each in detal.

Project Euhudullng AL : May-05,15,16,17,22, Dec.-06,07.15,16. Marks 16

While scheduling the pmiect, the manager has to estimate the time and resource of
the project. All the activities in the project must be arranged in coherent sequence.

The schedules must be continually updated because some uncertain problems may
occur during the project life cycle.

For new projects initial estimates can be made optimistically.

During the project scheduling the total work is separated into various small

activities. And time required for each activity must be determined by the project
manﬂEEI- 1

For efficient performance some activities are conducted in parallel.

Fig. 51314 Project scheduling process

The project manager should be aware of the fact that - Every stage of the PmFﬂ

may not be problem-free. Some of the typical problems in project deuelanEnt
stage are :

i) People may leave or remain absent.
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m et failed Preject Manaperers
i) Hatd'ﬁ'ﬂre Y& *
iﬂ}ﬁ‘-"ft'-"*’are resource may not be available.

acmmpﬁﬁh the project within given :
w2 je when needed. Vario given schedule the required resources must be
av,rﬂlfﬂh e 1 us resources required for the me'e':t are -

i Human effort.

i) gyfficient disk space on server,

iii}SPEdajizEd hardware.

iv)Software technology.

v) Travel allowance required by the project staff,

. Project schedules are represented as the set of chart in which the work-breakdown
gructure and dependencies within various activities is represented.

mnalatinnship between People and Effort
+ People work on the software project doing various activities such as requirements
gathering, design, analysis, coding and testing.
+ There is a common myth among the software managers that by adding more people

in the project, the deadline can be achieved. But this is not true - as by adding more

people in the project, first we need to train them for the tools and technologies that
le can teach the new people

are getting used in the project. And only those peop

who are already working. Thus during teaching or training the time will be simply
wasted and there won't be the progress in the project.
Once the effort required to develop 2 software has been determined, it is necessary
to determine the people or staff requirement for the project.

Pumam first studied the on how much staffing is required for the projects. He

extended the work of Norden who had earlier investigated the staffing pattern.
The Putnam-Norden-Rayleigh Curve(PNR Curve) represents the relationship

between effort applj,ed and delivery time for the software project.
* Following equation shows the relationship of project effort as a fu.n-:ﬁun of project

.d'EH"Er}' time. —

Where
ths

E, denotes the effort in person mon - il
for 5

t denotes the nominal delivery 1M
t, denotes the actual delivery time desired-
QR SN

-




Objsct Oriented Software Enginearning 5- 58 % . 'mw
Let t, will be the delivery time at which least effort is expended.

* Aswe move to left of t, and accelerate delivery the curve rises non linearly,

 The curve rises sharply left to t, indicating that project delivery time cap p, be

compressed beyond 0.75 t,,

Beyond this the failure region is shown and failure risk becomes high.

* Software equation : The software equation can be derived from the PNR curve,

* It represents the non linear relationship between time to complete the project 44
human effort applied to the project. It can be denoted as

L=PxE" "
that is E=L'/P}
Impossible
reqion
/ Failure risks
Eftart are high in
cost thie region
l
i Effort E,
i """ in petsor-months
Delivery l
time can X
nat be compressad i
beyond ™, !
\‘j
1
Toun = 0.75T
- q 4 t Development
fime

Fig. 5.13.2 Effort and delive
. ; ry time
That also implies that by extending the end date

six m
number of people. onths, we can reduce the

cEYq Task Sets

* Definition of task set : The task set is

tasks, milestones, and work products
particular project.

* Every process model consists of

software team define, develop or y]

¢ There is no single task that

a collection of software engineering work
that must be accomplished to complet®

\jariuus tasks sets, Using these tasks sets the
A timately support computer software.
appropriate for al] the Projects but for developins

TE':HM:MLEEM_'_‘_‘—'-———-_._ e

L P —

e
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A
complex projects the set of tasks are required. Hence every effective software

Jarg® defi llecti
Profeﬁﬁ should define a collection of task sets depending upon the type of the
& d.
, UEm-E ta
work can
, The qumber of tasks sets will vary depending upon the type of the project. Various
(ypes of projects are enlisted below -

sks sets the high quality software can be developed and any unnecessary
be avoided during software development,

1. Concept development project : These are the projects in which new business

ideas or the applications based on new technologies are to be developed.

7. New application development project : These projects are developed for

satisfying a specific customer need.
roject : These are kind of projects in which existing

3. Application upgradation p
This change can be for performance

software application needs a major change.
or modifications within the modules and interfaces.

|

|

! improvement,

I ;
are kind of projects that correct, adapt

4. Application maintenance project : These

or extend the existing software applications.

5. Reengineering projects . These are the projects in which the legacy systems are

rebuilt partly ar completely.
* Varipus factors that influence the
1. Size of project
2 Project development staff
3. Number of user of that project
4. Application longetivity

tasks sets are -

3. Complexity of application '

6. Performance constraints

7. Use of technologies

Task set example : Consider the concept

tasks sets in this type of project are -

o DEfi.ning scope : This task is fi_“' defi
Project.

X Pl'a“nil'lg . It includes the esti
the desired concept.

" Evaluation of technology Tisk®

\\_/—Wm

development type aof the project. Various

ning the scope goal or objective of the

mate for schedule, cost and people for completing

. [t evaluales the risk associated with the

e

TECHMCAL PUBLICAT!

b |
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technology used in the project.
o Concept implementation : It includes
manner as expected by the end user.
How to compute a task set selector for the p roject ? Explain with suitable
idlustration, ; : .
Solution : Before computing the task set selector value let us list out the ‘adaption criper;,
used for software process in software project.
1. Size of project.
2. Total number of skilled users.
3. Complexity and difficult level of mission.
4. How long the application will exist ?
5. Requirements stability.
6. Customer-developer communication.
7. Project staff.
8. Maturity of technology used.

9. Performance constraints.

the concept representation in the same

10. Re-engineering factor.
- 11. Embedded and non embedded characteristics.
Now following are the steps that must be followed for computing task set selector.

Step 1 : Prepare a table in which all the above mentioned adaption criteria must be

entered. Assign appropriate grade to each adaption criteria. These grades range
from 1 to 5.

Step 2 : 'I'hgn a_=r|sign corresponding weighting factor to each adaption criteria. This
weighting factor ranges from 0.8 to 1.2,
Step 3 : Then there are some entry point multiplier hased on -
i) Concept development ii) New development
iii) Enhanced application iv) Maintenance project
v) Re-engineering project
These val indicati
ues canbe 0 or 1 indicating relevance of adaption criteria.
Step 4 : Computer produet value for each pmdu;:tiu

) N criteria using -
Grade = Weighting factor x Entry point ikt ing

plier
Step 5 : Take average of all 'producy’ values, This wiy indicate task set select
set selector.

TECHAW AL Bromiam e e =
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fof pxample _
" iteria  Grade We
pdaption crite mlgnht;:"ﬁ _Eﬂt"!’ point rnultlpllur Product
e AN :
Edﬂ::ﬂ- :uw Enhca.!ltaint. Re-
. eV
e e ) | Jewe D g
e U R T R i [~ %
"",i.;alrmmhefl}f 3 15 S 1 3.3
smﬂedu-'-’ﬂ" e > st i
CumplEth of 4 1.2 : 1 4.8
L W RS SRR N SR RS
i : ' 7
lemﬁ " i : :
application will ' 5 i
exist . B 0l T Pt e
Requirement 2 1.1 |
 stability N 1070 SRR by e N T
Cush:ml:l'rdm"cl“?& 4 10 - 1 =
comm. b e — T o SBe
Project staff 3 Br s — =T g
— T 0
Maturity of : ? WM LA e e
technology A N e e i
Performance 3 0.8 i ek S SRS
| | constraint L e ——_E_E_ [ ¢
Roenod 1 0 11 % ___———:'___ _ﬁ =
,_Ea_m AL ———._1' _'_______FT |
Embedded and 2 : ;.
mon-embedded B e M P 26,
| oracterisics i i
L-__ e o Task set selector value
m Task Network ion, with
: reﬁEﬂtﬂtlmi
* The tak is a small unit ﬂf"""f'k'netwﬂ,k is a graphica! P
* * The task network or an activity them.
N to activitie dency between
odes corresponding -+ there 18 2 depel hown in Fig. 5.13.3.
Tasks ar activities are 1 1 uct develo gpmen ntis a8 8
r the Prﬂd

The task network fo //
st for kot
H"“--..__,_ i .,.nml'l'ﬁl""gﬂ uré® .‘_.
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1.4 (a)
Tachnical
nsks

1.3
Product
planning

1.4 (b)
Tachnical
risks

1.7
Custamar
feedback

Fig. 5.13.3 Task network

® The task network definition helps project manager to understand the project work
breakdown structure.

*® The project manager should be aware of interdependencies among various tasks. [t
should be aware of all those tasks which lie on the critical path.

Time Line Chart

* In software project scheduling the timeline chart is created. The purpose of imeline
chart is to emphasize the scope of individual task. Hence set of tasks are given as
mput to the time line chart.

* The time line chart is also called as Gant chart,

® The time line chart can be developed for entire project or it can be developed for
individual functions,

* In time line chart
1) All the tasks are listed at the leftmost column,

2) The horizontal bars indicate the time required by the corresponding task.
3) When multiple horizontal bars occur at the same time on the calendar, then that
means concurrency can be applied for pErfcrrming the tasksl.
4) The diamonds indicate the milestones,
* In most of the projects, after generation of

Prepared. In project tables all the tasks are
dates and related information,

time line chart the project tables ars
listed along with actual start and €
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Eﬂﬂ"#
|
I
! Sept.
ook B Oct. Nov i
N 2012713 110]17)24[31] 7 [14] i -
21|28
| 7 Software development 4 111]18[25) 18 [15]22
.21 Requirements analysis
| 2,2 Architeciural design |
1.2 3 Procedural design !
y 2 4 Code ]
1. 3 Testing :
1 4. 1 Unil test
1. 1. 2 Integration test
1. 3. 3 Acceptance tes!
_ 1, 4 Operations
: 1.4. 1 Packaging
1.4, 2 Customer training ,
| | | | J
. Fig. 5.13.4 Time line chart
|
| Project table
; -1
asks Planned start  Actualstart  Planned end Actual end Effort
assignment
Requirement " t " Gant ™ Gopt Jayashree
oo e 2 (1] 22 Sept'05 ya g
analysis 6 Sept’05 6 Sept(® U g Padma, Lucky
SN _.—__-_._,_
: et ’ . X i,
dedund | 27" Sept05 " Sept05 3 Oct'05 7" Oet'05 Teup, Vst
— _-_-_._-_._,_-—'_—
: o AE™ e Varsha, Sachin,
;jm;uml lﬂmﬂftrﬂﬁ ]EHD‘:FDE 24" Oct05 7, Lol Devendra -
fre s - _._._-_._._._____._,_.—-——— F
T v R e == T e
i od = O Smita, Yogita
traj m“mr 1" Jan'06 4" Jan'06 22" Jan'06 25 Jan b_'_._._._._J
Table 5.13.1 project table
%Trﬂﬂti le - ‘
e ng Schedu . | factor for software project manager. It is the
laty fﬂ schedule is the most lmpﬂﬂar.‘ chedule and track the schedule.
of project manager to decide the project s
__._.—-—'—'_'_'_._-_
1

‘n\‘q_h-_h-_-_____-_._._ﬁ_._._'_______—-—'——__,.——'—'_'_._'_'_—
l R icATIONS" 7 op-ths for KOS
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Tracking the schedule means determine the tas

y i ' edule can be done -
Following are the ways by which tracking of schedu
1. Periodic meeting - The regular periodic meetings should be conducted. 1y, e

meeting each team member should report the progress of the projec. Als,
various problems encountered in project should be openly discussed,
2. Evaluation of reviews - The results of all the reviews during software

engineering process should be evalu ated.

3. Milestone accomplishment - To track the schedule of the project it is necessary
to determine whether formal project milestones have been accomplished on the

scheduled date.

4. Meeting with practitioners - Conduct informal meetings with practioners to
obtain subjective assessment of progress to date. Also the problems arising in
project should be discussed.

5. Earned value analysis - The project can be assessed quantitatively using earned
value analysis.

Thus for tracking the schedule of the project the project manager should be an
experienced person. In fact project manager is the only responsible person who is
controlling the software project. When some problems occur in the project then addition
resources may be demanded, skilled and experienced staff may be employed or project
E'{hEE.l-l.llE can be redefined. For hand_fing the severe deadlines, project manager uses a
technique of time boxing. In this technique each it is understood that the complete
product cannot be delivered on given time. Part by part i.e. in the series of increments the
product can be delivered to the customer, The Project manager uses time box technique

means he is associating each task with a box
= K That mE'ﬂI'I.S T = gt i
and within that time frame each task must be comp each task is put in a "time box

to boundary of its time box, th
ary en the next task must be started (even if current task B

had argued upon - leaving the task incomplet®

Earned Value Analysis

* The Earned Val :
janned and actont 1758 (EVA) takes ity comgidterai I
P and actual expendityye. consideration the project contex

A
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, This analysis is made to find out project scope, schedule and resource
The EVA acts as a measure for software project progress,
us measures are determined during EV A. These measures are -

. Vario
1) Planned Value 'ﬂ"""d'l : It denotes the planned cost of the work. The planned value
is developed by first determining all of the work, that must be accomplished for

successful project result.
7) Actual Cost (AC) : It represents the actual amount that the busin

expend on the project.

ess has to

AC —EEffurts expended on work task have been completed by time t

3) Earned Value (EV) : It is project manager's estimate of the amount of originally

budgeted work completed.
4) Budget At Completion (BAC): It
5) Schedule variance (SV) : It indi
whether work is ahead or behind
schedule, if it is positive then Proj
then project is on schedule.
6) Cost Variance (CV):Itis the difference befween
If CV = 0 then project is on budget.
If CV < 0 then project is over budget
If CV > 0 then project is under budget
7) Schedule Performance Index (SPI) : Itisa measure of schedule efficiency on a

project. If SP1= 1.0, project is on schedule.
If SPI is greater than 1 then project is ahead of the schedule.
IF SP1 is less than 1 then project and it is behind the schedule.

8) Cost Performance Index (CPI) : It is a mea
value 1.0 repreggntg that Frﬂiﬂft is within the given budget.

If CPI < 1.0 then that means project is over budgeted.
If CP1 > 1.0 then that means project 18 under budgeted and we require most cost

to accomplish the Praject.

F
Omula used during (EVA) :
PV = Planned Completion (%) # Budget At Completion (BAC)

EV = Actual Cﬂmpl:etiﬂn (%) * BAC
—ONS® - an up-thnst for knowledize

WPUW

represents total budget for the project.

cates the status of the schedule. It represents
the plan. If 5V is negative the project is behind
oct is ahead of schedule. If SV is equal to zero,

earned value and actual cost.

is getting delayed
sure of cost efficiency on a project. The
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oV = EV-PY -
CV = EV-AC

SPI = EV/PV

CPI = EV/AC

m Mr. Koushan is the project manager on a project to build a new crickes Sbiadiym,
in Mumbai, India. After six months of work; the project is 27 % complete. At the stan of the

project, Koushan estimated that it would cost § 50,000.000, What is the Earned valye »

AU : Dec..15. Marks 7

Solution : The formula for Earned value is -
Earmed value

% of work » Budget

27 % x 50000
= % * 20000 =13, 500
- The earned value is § 13,500,
Suppose you have a budget cost of a project as T9,00,000, The profect is to be
completed in 9 months. After a month, Yyou have completed 10 percent of the profect at a total

expense of ¥ 1,00,000. The planned completion should have been 15 percent. You need to

determine whether the project is on-time and on-budget 7 Use Earned Value analysis
approsc and incrpre, AU Dec. 16 Mk .

Solution : The abbreviations that we will use are as follows

EV = Earned ?alu_e
kY Planned Valye

il

BAC = Budget At Completion

AC = Actual Cost
Following formula will be used,

PV = Planned Completion(%) * BAC
EV = Actual Completion(%}) = BAC

CPl = EV/AC

SPI = Ev/py
Given that :

BAC = 29,00,000

AC = %1,00,000

_-_-_-_-_-_‘_-_ _'_._._'_'_._,_,_:—
TECHNICAL PUBLICA TIONSD "8 up-thrust for knowssdge

R P A« Ry IR s TN S S S e——
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Planned Value (PV) = Planned Completion (%) * BAC

= 15 % = 900000

15,
Tog e

PV = ¥135000
Earned Value (EV) = Actual Completion (%) * BAC

= 10 % = 900000

= Sl Q00000
100

T 90000
EV
AC
900000
100000

0.90

EV

3 Cost Performance Index (CPT) =

CPI

As CPI < 1 means project is over budget.
EV

1) Schedule Performance Index (SPI) =

900000
135000

SPI = 0.67

AsSP[ < 1 means project is behind schedule.

This indj iect is in real trouble. -
- softuare development project. The project 1s
¢ 10000 per month. After 2 months, you realize

Fof F40.000. You need to determine whether the

Suppose you are managing @
expected to be completed 8 months al & €05

that project is 30 percent completed at @ €03 ;
Project is on-time and on-budget after 2 months.

BAC) = 10,000 * 8
= T80,000

Actual Cost (AC) = T 40,000

‘ Planned Completion = 2/8=25"%

Budget at completion (
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= Actual Completion = 30 %

We will compute Planned Value (PV) and Earned Value (EV)
i) Planned Value (PV) = Planned Completion (%) * BAc
25% * 80,000

E_?. * 80000

100
< 20,000

o
i) Earned Value (EV)

Actual Completion (%) * BAC

30% # 80,000

30
= — 80
100 000

EV = 24,000

[}

i) Cost Performance Index (CPI) = EV.

CPI = e
iv) Schedule Performance Index (SPT) EV

The CPl < 1 then that means
_ ! the project 1
getting 60 paisa worth pedteiiinia Project is gyer budget, For every ¥ 1 spent we aré

The SPI > 1, then that m
: ; 2ans the et o
can be delivered before the Biven sqhedprﬂ?t '8 ahead of the schedule. That means project
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Given the following project plan of tahles Table 5.13.2 and T
13, a

Table 5.13.2 ble 5.13.3
...---[-]""' Task
; mmediate | Expected | Budget (5
predecessor Eursitan
A | Meet with client 5 =
B Write SW A 5 s
C Debug SW . o ) i
D PI"EFH.I“E‘ draft B g 150
manual
E Meet with clients D B 1000
F Test SW C.E 20 2000
G Make modifications F 10 000
H Finalized manual G 10 5000
1 | Advertise O, E 20 ©B000
(# all dependencies are assumed to be FS-Finish to Start and the following progress SIats -
Table 5.13.3
tart (da Actual Actual costs (3)
o Task status | Actual s (days) o
(days)

1500
ki | Mectuifhaions | T8 + 10 days H000
B | Write SW 100% | +5days : d.n:,'-s s

- :
€ | DebugSW 100% | +3d2Y° 1 1000
D | Prepare draft] 100% As per other SRy
manual P 1000
A
E | Mectowithclients| 100% | A per DAnE! 750
other delays
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E B
Solution : To perform analysis of the project we will compute PV, """‘? ﬂind f‘l"
¢ PV is the sum of planned cost. It is computed by dEtEm'IIm ng for each ,
h activity and by summing and Cumulating

eriod, the cost associated with eac :
::ver time. The cumulative cost can be computed by summing planned eXpendigyp,

week by week. | | it |
w1 wa | w3 | wa | ws | W6 | W7 | W8 | WO [WIOIWILWIZWIS| oy
A Meet 500 yi
with
client
Bl  Write g Rt -
swW
C Debug . N
Sw
s o) 1000
draft
manual
> 1000 1000
with
clients
F Test
500 | 500
G Make %
modifications % v
H| Finalize -
manual ﬂ
I| Advertise o
S 20002000|2000{ 2000 0
25001250012500|2500 2500(1000| 2509 2500|2500 2500 4000|4000
Planned 500 | 3000 | ss00
B0
oy IS0 | 12000 | 14000 | 1680q 19000 | 21500 | 24000 | 28000 | 32000
—1_ |
Note that each week is of 5 days i

PV = 32000
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AC s the surn of the actual cost. The summing of actual cost is as shown below.
: ik

= W1 (W2| W3 | Wd | W5 | We | W7 | W8 | W9 |W10|W11|W12|W13|T.tal

,.--"'"'_'_'_._-_-
et with [1500) o

client
| (e
Write SW 1500|1500 | 1500 | 1500 | 1500 | 1500 e

- 120 125 250

=

\

B b
Prepare
dragt manual
E| Meet with
clients

=

1

1000 1000

F| TestSW

Gl Make
mopdifications

H| Finalize

Z| Advertise e

1500
Total  |1500| 0 |[1500]1500f 1500 1500/ I A

e

13750 | 15000 | 15250 | 16000 | 16750

o000 | 10500
Planned | 100 |1500| 3000 | 4500 | 8000 e

Ll Value -l A

|
s

AC - 16750 of the planned cost on actual schedule. The
: ich is sum
* EV is the earned value whi
S,
—__actual result is as 5}10“_'1_1__]:'2[_[:1’_“,_._._-——‘_";- ws | we [wio/w11jwi2 wi3| Total
w4 W5 we /W7

A Meet with s00 o
o e —#r---_"‘.‘.."':lﬁ- -
h Wl'i!'EEW ) g:: #'1 a 1 504
l"‘"‘--______ T ] ?m _m e
L
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D|  Prepare i 1009
dragt manual |
E| Meet with - 1ogg
clients —1 |
F| Testsw . 1oq | 0 E_._E
G Make 0
modifications o |
H|  Finalize 0
manual
I| Advertise 4000 | 0 | 4000
Total 500 015000/ 0| 0| 0|0 |5000 1750117501000/ 4000| o
Flanned 500 mmmm&&mm1MWM|ﬂm1mumm
Value |
: EV = 19000

AC  1875)
= 1.13
The CP1 is cost performance index which is > 1. It indicates that project is within the
given budget,
. SP]_ = -—E}: = LHI__"E
PV 320p0
= (.6
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Questions w

.--"""'r-_

1, How to rack the schedule ? Give an llystrggign, s
H.
2 Write short votes on the following, w

i} Project scheduling.
ii) Project timeline chart and pask network
3. Discuss Putnam .

FESOUIT ' ;
es atlocation model, Derive the time and effort equations

g, Discuss about any one project scheduling technigue, m
R DevOps

l]tﬁ_l'thiﬁﬂﬂ : DevOps is a practice in which development and operation engineers
participate together in the entire lifecycle activities of system development from design
and implementation to product support.

1
L

* The term DevOps is derived from “Software DEVelopment “ and “information
technology OFerationS”.

* DevOps promotes a set of processes and methods from the three department
Development, IT operations and Quality assurance that communicate and
collaborate together for development of software system.

M;Why DevOps ?me rgamzﬂtim? performance improves the productivity and
* DevOps enhances "

efficiency of development an
ams together ce”
duals working.

rations teams. |
e tralizes the responsibility on the entire team
* Bringing the two te
and not specific indivi

£ or
[ ] DEVGPS iEI- more thﬂn ]llEt a tﬂﬂ‘l
organizational culture shift.
fW

H"‘h—____—__,_——i-fm;iﬂ[mmﬁ’m

process change. [t inherently requires an
a

—-—'_._._'_._.._._




ijm:rmnumn
Object Oriented Software Engineering _ 22 et

: ppe -of the conflictin
o This cultural change is especially difficult, because Gt ICUNE nature of
departmental roles : B
1. Operations - seeks organizational stability;
2. Developers - seek change;
3. Testers - seek risk reduction. )
* Adoption of DevOps is driven by various factors, These factors are -
1. Demand for an increased rate of production releases - from application ang
business unit stakeholders.
2. Increased usage of data center automation and configuration management tools,
3. Use of agile and other development processes and methods.

4. Increased focus on test automation and continuous integration methods.
5. Wide availability of virtualized and cloud infrastructure,

Motivation
The Goals of DevOps are as follows -
1. To make simple processes increasing programmable and dynamic.
2. Fast delivery of product.
3. Lower failure rate of new releases,
4. Shortened lead time between fixes,
5. Faster mean time to recovery,
6. Increases net profit of organization.
7. To standardize the development environment,
8. To reduce work in progress.

9. To reduce operating expenses,
10.To set up the automated environment.

Benefits
Various benefits of DevOps are -
¥ Technical Benefits
1. Continuous software delivery is possible.
2. There is less complexity in managing the project,
* The problems in the Project gets resolyeq faster,
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5 cultural benefits NM
|, The Fruduc'l:ivit}' of teams getincreased |
3, There is higher employee engagemen,

3, There arise greater professiona] development Opportuniti
ities,

'y Business benefits
1. The faster delivery of the product js ﬁussiHE_
2. The operating environment becomes stable.

3. Communication and collaboration are improved among the team members and
customers. '

4, More time is available for innovation rather than fixing and maintaining.

Agility and DevOps

v Basically Argile and DevOnps are similar. But there lies some differences.

* DevOps brings more flexibility than Agile. With Continuous Integration (Cl) and
Continuous Delivery (CD) , the release of software products is made often and it is
ensured that these releases actually work and meet the customer needs.

* Thus in DevOps there are an increased number of releases.

* One goal of DevOps is to establish an environment where releasing e reliable
applications, faster and more frequently, can occur. This actually brings the

continuous delivery approach.

DevOps is not a separate concept

' ' ther
Operations as well to collaborate different agile teams toge
are fully to the customer.

but a mere extension of Agile to include
and work as ONE

team iactive to deliver softw e ‘
P;___?ﬂ_ with an objecti e 1
H‘T‘-ﬁ_ — in DevOps is to deliver technology to h“t:’““"
8 = “ a a ['-E ’
The idea in Agile is to develop sufﬂ::ﬂ to units in a timely fashion and ensui 2
l small jterations and be thus able & iechnology runs without interrupti
 the changing customer needs: Saengion

- ltad id WW—/—_” {s not only on
M’tﬂ a rapi The focus of DevOps il

Fe i : rel t and its re
- B s 1:; T software dﬂf 1?: “:r::nr in the working
-'-.-_ st ﬂl'lmfhvam dE"\'E]-UFmEm ﬂr‘l.-d e " an it gafest ep v 2t i‘

"“j'f:?'f | /w ——
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e DevOps, on the other han

B4 In agile development, every team member D. Sl

8 : ¢ and will be development teams and -
has a skill of design, development a Cearns. thie o will e skt
coding. Any available team member should i mmmumcate =

: be able to do what's required for progress. BRI e A

themselves on a frequent and

5. Communication in agile development 15 in eVl m;:& ’L
informal and in the form of daily meetings. ~and documents are involved and itis |

formal. It does nﬂtmmﬂﬁltm

6.  Theteam is small in nature. Large team sizes and mﬁﬂ;ﬂﬁ%

required in DevOps, T e
7. Agile is about software development. DevOps is about software development
‘and management. ]

B. Documentation is not very important in Documentation is very important in
Agile development. Dev(Ops.

9, Agile development teams may choose to DevOps absclutely depends on automated
use certain automation tools. However, development to make everything happen
there are no specific tools required for an ~smoothly and reliably. Certain tools are an
agile team. integral part of DevOps.

10.  Agile is less flexible. DevOps is mare flexible.

Deployment Pipeline

* A Fipeline is a set of automated
professionals to reliably and efficien
production computing platform,

processes that allow developers and DevOps
tly compile, build and deploy their code to their

* Various components of a pipeline are -
1) Build Automation
Z) Test Automation
3) Deploy Automation
* Deployment pipeline. 18 an important
. automating and Etreanﬁng the pro
development to production,

A
concept and practice in DevOps that ‘"me
Cess ﬂ.E d.'EIiUE[iI'Ig E‘[E SE"HW-HTE' aPFHfﬂt{m fro
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1, Continuous Inte-gratian{cjj and e Deployment pipeli
2. Continuous DEH”ETF{CDH Continugys Deployment

nt.
1 continuous Integration ;

The continuous integration
regularly merge their code
after which automated buj]

M DevOps is 3 practice where developers

changes into a central repository or a database
ds and tests are run,

Continuous Integration (CI) is the practice of automating the integration of
code changes from multiple developers or testers into a single software
project.

Automated tools are used to assert the new code’s correctness before
integrati-:-n.

Continuous integration serves as a prerequisite for the testing, deployment
and release stages of continuous delivery.

The main benefit of performing continuous integration regularly and testing

each integration is that we can detect errors more quickly and locate them
easily.

L Continuous Delivery or Continuous Deployment :

» Continuous Delivery means a developer's changes to an application are

automatically bug-tested and uploaded to a repository.

» Continuous Deployment (CD) refers to the final stage in the pipeline that

Fig. 5.14.1 Continuous Integration (ch and Con

refers to the automatic releasing of any developer changes from the

repository to the production.
Continuous infegratio, _ _ _ _ _ ,
o S m i
I L
1 Buid ™ Test I
I NG, =y
E——— e
Automatic release
tic deplay ;
Rl 8] o roposior
: Continuous Eantl':ucﬂ-ll
deployment e

tinuous Dellvery / Deployment (CD)

BRI
Feosai o i hrust for hnowiedge
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* Thekey components of the deployment pipeline are -

@ Source Code Management : This is the first step of the dE;]fiZ}*;mt Plp?%h'le in
which source code is stored in a version control system ; it ﬂnd_ GitHy),
Developers commit the changes (upload final changes) to this repository ang
pipeline is triggered when there are new commits. - ,

o Build : In this process, the code ig built into executable entities. D’I_:L'I'mg the bu.l]d
process, the code is compiled, dependencies are packaged and binaries gy,
created.

© Automated Testing : The pipeline runs a suite of automated tests in order to teg
the software system. It includes unit testing, integration testing and performance

© Deployment : Once the code passes testing it is deployed to a staging Or testing
environment that closely resembles the production environment. This allows for
further testing and validation in a controlled setting,

o User Acceptance Testing (UAT) : In this stage, the software is tested by a group
of users or stakeholders to ensure it meets their expectations.

o Final Deployment : If all tests and checks are successful, the software is
deployed to the production environment.

This can be done manually,
automatically or with a combination of bath.

sly monitored, if any
Feedback from the production
and improvements.

issues are raised then these are fixad immediately.
environment is used to inform future development

o Documentation : Finally
prepared.

the comprehensive documents and reports are




Fm Overall Arr;h“mum

» DevOps is a practice of —_—

Fig. 5.14.3 DevOps architecture

1) Test : At this stage, all the units are tested to find if there exists any bug in the
code. The testing can be done using tools like Selenium, JUnit, PYtest. Some
important testing techniques such as acceptability testing, safety testing,
integration checking, performance testing are carried out.

5) Integrate : In this phase, a new feature is added to the existing code and testing is
performed. Continuous Development is achieved only because of continuous

integration and testing,.

6) Deploy : In this stage, the
the tools used for Dep

code is deplﬂyed in the client’s environment. Some of
loyment are AWS, Docker.

be utilized by the users. Operations are
of the examples of the tools used are

the examples of

7) Operate : At this stage, the version can
performed on the code if required- Some

Kubernetes, open shift. - |
e oring of the version at the client’s workplace 1s

B . . £ the monit "
¥ Monitor : At this stage, llect data, monitor each function and spot

done. During this phase, developer e
g ]

i W EWWW@
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errors like low memory or server connection are broken. The DevOps workfloyw

is observed at this level depending on data gathered from consumer behavig,,
Gome of the examples of the toglg used

application efficiency and other sources.
are Nagios, elastic stack for monitoring.

DevOps Lifecycle
The DevOps lifecycle phases are as follows -

1) Continuous development : In this phase, the planning and coding of software is
done. Version control mechanism is used during this phase.

2) Continuous integration : In this phase, developers are required to commit
changes in the source code frequently. The code supporting new functionality is
continuously integrated with the existing code. Therefore, there is continuous
development of software.

3) Continuous testing : In this phase, the software is continuously tested for bugs,
Many times automation testing is preferred.

4) Continuous monitoring : By continuous monitoring, we can get notified before
anything goes wrong. We can gather many performance measures, including
CPU and memory utilization, network traffic, application response times, error
rates and others.

5) Continuous feedback : In this DevOps stage, the software automatically sends
out information about performance and issues experienced by the end-user. It's
also an opportunity for customers to share their experiences and provide
feedback.

6) Continuous deployment : In this phase, the code is deployed to the production
servers. Also, it is essential to ensure that the code is correctly used on all the

servers. The deployment process takes place continuously in this DevOps life
cycle phase.

7) Continuous operations : It is the [ast phase which involves automating the

anlicatiun’s release and all these updates that help you keep cycles short and
give developers more time to focus on developing,

Tools

Various tools used in DevOps are as follows -

1. Nagios : It is a monitari )
sol .
experience, 7§ solution that gives new features and a modern user
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5 ELK Stack : This tool is used for collecting logs from

all services, applications,
networke, tools, servers and more in an environment into a single, centralized
location for processing and analysis.

3, Docker : It eases configuration management and control issues.

4 ]enkinis + Jenkins is a top tool for DevOps engineers who want to monitor
executions of repeated jobs.

5. Puppet : It handles configuration management and software while making rapid,
repeatable changes in it.

6. Ansible : Ansible is a configuration management tool or DevOps tool that is
similar to Puppet and Chef.

7. God : It is a monitoring tool used in DevOps.

8. Monit ; Monit has everything DevOps engineers need for system monitoring and
error recovery.

9. Consul.io : This tool is used for service discovery and configuration management
activities.

10.Loggly : This tool is used for log management in DevOps.

Review Questions

l_l- What is DevOps ? What are the benefits of DevOps 7
L. Compare agility with DevCUps.

3. Explain in detail the deployment pipeline.

4. Explain the overall architecture of DevOps.

3. Explain DevOps lifecycle.

6. What are different tools used in DevOps T

m Cloud as a Platform |
* "Cloud as a p]atfﬂl'm" is a concept that refers to using cloud computing

infrastructure and services as the foundation for developing, deploying and

Munning applications and services.

Cloud computing i t that re
ing is a term

Miernet, Tt Eumﬁlﬁt store any data on the hard disk of our personal computer. In

tloud computing, we can access data

‘ o
" includes services for Storag®
dEvEIlDP'm'Eﬂt tools and enterprise apPhcahﬂnS'

fors to storing and accessing data over the

from a remote server.
databases, analytics, networking, mobile,

ECHNICAL PUBLICA noNs® - an up-thrust for knowladps
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nd infrastructure, saving organizati

lexity of pun:ha&ing and running resources gn,
n a pay-per-use basis.

Object Oriented Software Engineering

and individuals the cost and comp

site. These resources may be accessed for free or 0
e Popularly used cloud platforms ar¢ © Amazon Web Services (AWS), Microsofy

Azure and Google Cloud Platform (GCP).
% Benefits of using Cloud as a Platform

1) Flexibility : .
o The cloud platform always
languages and web application plat
o Flexibility means that migrating legacy applications to
o Instead of re-writing the applications to adopt new technologies, we just need to
move the applications to the cloud and tap into advanced computing capabilities.

allows to use the operating system, programming
forms that user is comfortable with.

the cloud should be easy.

2) Cost Effective :

o Instead of purchasing and creating our own expens
services where we need to pay only for the tools and services that we use.

o Cloud platform offers a pay-as-you-go pricing method, which means that we
only pay for the services that are needed and have been used for a period of time.

ive servers, we can use cloud

3) Scalable and Elastic :

o Cloud platform is scalable because its Auto Scaling service automatically
increases the capacity of constrained resources as per reql.ﬂreménts so that the
application is always available.

o - Elasticity is one of the advantages. If we use fewer resources and don’t need the
rest of them, then cloud platform itself shrinks the resources to fit our
:Evu;emmta short, upsizing and downsizing of resources is possible with

4) Secure:

o Cloud computing maintains confidenti . :
user’s data. identiality, integrity and availability of

o Each service provided by the cloud is secure
o Personal and business data can be encrypted to maintain data privacy

TECHMICAL PURS 08 Tirae® oo o i
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| Hh performance : Profect Management
o High-performance CoOMputine ; '
t 1]
e i fing is he ability 4o PTOcess massive amoynts of data at

o Cloud computing offers

« It provides different Services of the ¢

Platform as a Service (PaaS) and Packaged Software as a Service (SaaS)
o laa5 : The infrastructure as a service m .
on demand. Under this Service,
including servers,

oud such as Infrastructure as a Service (IaaS),

eans delivering computing infrastructure
the user purchases the cloud infrastructure
networks, operating systems and storage using virtualization
technology. These services are highly scalable, [aa5 is used by network architects.
Examples of cloud services : AWS and Microsoft Azure.

o PaaS : The Platform as a Service means it is a service where a third-party
provider provides both hardware and software tools to the clients. It provides
elastic scaling of your application which allows developers to build applications
and services over the internet and the deployment models include public, private
and hybrid. PaaS is used by developers, Examples of cloud services - are
Facebook and Google Search Engine. .

¢ SaaS : Software as a Service model that hosts software to make it available to
clients. It is used by the end users. Examples of Cloud services : Google Apps.

Difference between laaS, PaaS and SaaS

laaS Fans ' A

PaaS is an acronym for Saa$ is an acronym for

5250 i for i
7 laaSis an c:ucmn}”: 3 Platform as a Service. Software as a Service,

_ Infrastructure as a Service.

2 It provides an environment

to allow users to create their

It allows the use of software
applications as a serviceto

i ; users to
S Intr DIl seme own web applications. PaaS end users. I.t u]!nw: tons
| Virtual machines or virtual : : access specific applica 1
i Storage to th or provides a runtime ~ online :
S '
& age £ user En‘lﬂ'im[m‘tmt for
e, applications and the
development of
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. Itis most expensive, It has mid-level costs. It is the cheapest,
. Thenetwork architects Developers mainly make  End-users mm—-..
@ Pomarily use the JaaS, use of PaaS, Saas,
= Services available are - Paa$ provides all the - SaasS model Pmu'.ﬁ;;"‘--...
e ‘i_Firl-uni machines, operating  facilities required to build services to deploy
i i m, network, storage,  and develop web _' ' applications onling,
. backup services, applications.
| P“T“EFIPI‘E - AWS EC2. For example - !lﬂil::rnmft ; : For example - Salesforce,
Azure, . DropBox.

1. What is cloud computing ? Explain the benefits of using cloud computing,
2. Differentiate between various serpices offered by clowd computing platform.

Two Marks Questions with Answers

Q.1 Write short notes on empirical estimation models. m
Ans. : The empirical estimation model uses empirically (experimentally) derived formulae
to predict effort as a function of lines of code or function point. In empirical estimation
model, the empirical values of LOC of FP are put. The empirical model supports a limited
number of software project. Typical estimation model is derived using regression analysis
on data collected from past software projects.

Examples of such models calculate effort as,
1. Walston-Felix model

E = 52x(KLOQ)™
2. Bohem simple model
E = 32x(KLOC)'™

Q.2 What is the standardization for the software metrics 7 ALl - IT, Dec.-04

Ans. : The standardization of software metrics indicates the attributes of effective software
metrics. The software metrics should follow following standards, '

1. Simple and computable - The software metrics should be easy to learn and
derive.

2. Empirically and intuitively persuasive - The software metrics should satisfy the
intuitive notions about the product attribute.

3. Consistent and objective - The software metrics should give the unambiguoys

results.
e
_._.__'_,—l
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The software metrics shoul

d be based gp

I high quality feedback -I

oftware engineer whethe
I not.

The software melric should

developed is of quality o r the software product being

Q3 What are project indicators and how do they help a project manager 7

Ans. . Project Indicators mean combinat

on of metrics that provides insight |
. ght into the
mftr.-.ra_\re pm:]ss. Project or product. An indicator is a tool that helps you and your
organization know how far your project is from achieving
your goals and wheth
headed in the right direction. v ¥

Q4 Distinguish between direct and indirect measures of metrics.

Ans.: Direct metrics is directly measurable attribute, For example lines of code,
execution speed, size of memaory, some defects.

Indirect metrics - Indirect metrics are the aspects that are not immediately
measurable, For example functionality, reliability, maintainability.

Q5 Differentiate between size oriented and function oriented metrics.

Ans. :
g ction oriented metrics
:r Size oriented metrics (LOC based) i
o,
R e ; i oriented melrics use a
. : t 'cs m h}l’ FIJ.'I'H:hm i i -
&1 5{2&_ unente:d ?‘-ﬂfh'}'ﬂ;lﬂﬂ E;';f“‘l';m that has measure of functionality delivered by
- considering the size 0 the software.
___ been produced. . fvare. Most widely used function oriented
5 For a size oriented mefric ke metric is the Function Point (FF)

; : ords in : : i 3
organizati intains simple e : utation of the function point &
tabular fﬁ 'Im'::r typical table o ) ‘;:T‘L:eﬂ on characteristics of software’s

5 of h i
TProject  name, LOC, Efi;:r:;l fjfber of  information domain and complexity
- documents, errors, defects, 10 _ i
~ People working OW
gstimation modals. m

i Define basic equation for the effort
™. The basic equation for the effort €

K_E = A+BxEV)E '
-
"\__‘_‘_‘_‘_ / E.twﬁmﬂm’-’"’“m

vimation models are -
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Where E = Effortin person-month : T e
A,BandC = are empirically derived constants.

eV = Estimation variable either LOC or FP based method,

Q.7 List down few process and product metrics. m
Ans. : Product metrics are :

1. Size metric - This metric is used for measuring the size of the software.

a) LOC based meritc - This metric makes use of lines of code to measure the
software.

b) FP based metric - This metric makes use of functonal points to measure the
software,

2. Complexity metric - A software module can be described by a control flow
graph,
a) Cyclomatic complexity.
b) McCabe complexity metric.,

3. Quality metric -
a) Defects
b) Reliability metric
¢) Maintainability metric

* Process metrics are based on following factors :

a) Application of methods and tools,
b) Use of standards for the system. -
c) Effectiveness of management of system,

d) Performance of development of system. |
Q.8 Define software measure.

AU ; CSE, May-08

e for a attribute of a software product or process.

res-direct measure angd indirect measure. The direct
measure refers to immediately measurable attributes. For example lines of code. The

indirect measure refers to the aspects that are not hnmediatej}r quantifiable or measurable.
For example functionality of the program.
Q.9 How to measure the function point (FP) 7 (Refer section 5.8.5) _

Q.10 List out the differant approaches to size of the software, m
Ans. : The two approaches used for estimating the size of the software are -

1. LOC i.e. computing the lines of code.
2. FP i.e. computing function Point of the Program,

Q.11 Mention difference between organic mode ang embedded mode in cocomo model.

SR o2
WLMM
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ect Oriented Software £ h
s %ﬁ“
8r. No. Organic moge = o Managemert
1. The smal size Mbedded modg |

Projects are handled
embedded mod \sin
2. The experienced ded mode, &

develop such Projects, dE"'E]“F'E'_'S The embedded mode  projects
hﬂ“d;:d by litte previous cxperhm;;
3- Deadlm?;-f_-_‘—-—-—__________-_ PEGF h

: the projects ung
OTBAMIC mode is not tigh,, Feer The embedded mode Projects are carried
_-_-_-_-_'—--—-___

out with tight deadline,
Example - Payrol system Example - Whether forecasting system,
Q.12 Name the metrics for specifying non-functional requirements. m
Ans. : Reliability, response time, storage capacity,
requirements.

Q.13 An organic

complete 7
Ans. : Given that :

4.

usability are the metrics for functional

software occupies 15,000 LOC, How many programmers are needed to

System = Organic
Lines of Code = 15KLOC
E = ab(KLOC)™
= 24(15)'"
= 41 persons-month
D = c(E)d, |

= 25(41)""
= 10 months
P = 41/10
P = 4 persons.
Approximately 4 programmers are required to complete the work.

cheduling ? . I -
fnl: WSZ;::ujin is aTacﬁ‘h’ity that distributes estimated i:: across the planned project
i e .
duration. These Sﬁnrts are related to software engineer g
correcting the errors that may occur

tages such as software design, coding

Q.15 What is error tracking 7 o + and
Ans. : Error tracking is a process of ﬁt;:t:fv::mus :
during the software development proce

o documenting,

Q.16 Differentiate botween size ori

anted and function orlentad metrics

b e
—
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Size oriented metrics

T T e R SO ;q;scﬂnn oriented | metrics uge’ 3
considering the size of the software that has. the software.
been produced.

For a size oriented metric the sn:dhvaf‘ﬂ
organization maintains simple records In A
tabular form. The typical table entries are : computation of ﬁa
Project name, LOC, Effort, Pages of based on dhﬂﬂ_ s ftware
documents, errors, defects, total number of  information domain . mmphﬂ!r
people working on project. : o A el

s

Q.17 State the advantages and disadvantages in LOC based cost estimation M
Ans. : Advantages

L. Artifact of software development can be easily counted,

2. Many existing methods use LOC as a key input.

3. A large body of literature and data based on LOC already exists.
Disadvantages

1. This measure is dependent upon the programming language.

2. This method is well designed but shorter program may get suffered,
3. It does not accommodate non procedural languages.

4. In early stage of development it is difficult to estimate LOC,

Q.18 State the importance of scheduling activity in project management.

Ans. : Scheduling is carried out to assess progress of a software project. In order to build a
complex system, many software engineering tasks occur in parallel. The result of work

performed during one task may have a certain effect on work to be conducted in another
task.

These interdependencies are very difficult to understand without a schedule.
(.19 What are the issues In measuring the software size using LOC as metric 7

AL - Dec.-13

Ans. : 1} This measure is based on lines of code computation,
2) The LOC is not universally accepted metric.
3) This measure is extremely dependent u

pon the programming languaee.
4) This measure does not accommodate n B language

on procedural languages,

Q.20 List a few process and project metrics, m
Ans.: 1) Size oriented metrics 2) Function oriented metrics L

_'_'_._'_'-

3} Object oriented metrics 4) Software quality metries

Q.21 Differentiate between size oriented and function oriented metrics

Hmmmramﬁ-mmwmrmw
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Size oriented m
etri
cs Function oriented metrics

Size oriented softw i
Are  metrics s by Funcon oriented metrics
use @

considering the size of th
e softw
been produced are that has measure of functionali
: onality delivered by
the software.

For a size oriented i orien
o metric the softw ;
fos s . are  Most widel
?:E;::Im n “;;mfﬂlﬂ_ﬁ- simple records in metric isE iwus;dun;]{;hcl; i e
Bk torm. 1he t?'F‘falE';l;li entries are : computation of the Fuinu:licrnnl;nffi
oject name, LOC, , Pages of based on characteristi
documents, errors, defects, total number of information domain :n“? c;fvsgulj;arﬂ

~ people working on project.

]
.22 How Is productivity and cost are related 1o function points ? AU : Dec.-168)
Ans. : Using Function Point (FP) one can compute both productivity and overall cost of the
project. |

Productivity = FP/persons-months

Cost = Rupees/FP
(.23 What are the different types of productivity s
Ans. : i) LOC based Estimation is used for

= KLOC /person-month.
ii) Function Point based estimation can be used for pro

Productivity = FP/person-month.

Q.24 List out the principles of project scheduling.
. Project must be cnmpamnentaliz:ed into a number of

Ans. : 1) Compartmentalize :

managgeable activities and tasks.

?) Interdependency : The interdependency
task must be determined.

tion : Each task to

timation measures 7 [ w17 |

productivity estimation as Productivity

ductivity estimation as

of each mmparhnentalized activity of

be scheduled must be allocated some number of

3) Time alloca

work units.
4) Effort validation ! The project ™

must ensure that no more than the

anager
ren Bime.

been scheduled at any giv
ask that is scheduled <hould be assigned to a

find out project
software project

5) Defined re&punaihilitieﬁ : Every 1

specific team member.

0.25 What is EVA 7

Ans, : EVA stands for E
stope, schedule and resours

| Progress,

o characteristics It ac
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Q.26 List two advantages of COCOMO modsl.
Ans. : The two advantages of COCOMO model are - 1) It predicts the efforts and schedyle
of software product based on size of the software.

2) It can work on historical data and is more predictable and accurate,

Q.27 Bring the importance between COCOMO | and Il. AU Vay 2|
Ans. : COCOMO 1 model is useful in the waterfall models of software developmen,
cycle. COCOMO II is useful in non-sequential rapid development and reuse models of
software,

The size of software is stated in terms of Lines of Code in case of COCOMO [ mode].
The size of software is stated in terms of object points, function points and lines of code
in COCOMO Il model,

Q.28 State any two project scheduling techniques.
Ans. :
1) Taks network 2) Tracking schedule 3) Earned value analysis,

Q.29 If team A found 342 errors prior to the release of software and Team B found 182 errors.
What additional measures and metrics are needed to find out if the teams have removed
the errors effectivaly 7 | AU : Dec.-22]

Ans. : Following are some additional measures and metrics that are needed to find out

if the teams have removed the errors effectively or not -

1) Defect Density : Calculate the defect density for each team, which is the number of
defects found per unit of code, here the unit of code can be per thousand Lines of

Code (LOC). This metric can help you compare the effectiveness of error removal
relative to the size of the software,

2} Defect Removal Efficiency (DRE) : DRE is a measure of how Effeu:tively teams are
removing defects. It's calculated as (Total defects found prior to release - Total

defects found after release) / Total defects found prior to release. A higher DRE
indicates better defect removal effectiveness,

——
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