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o studying the existing or obsolete system and software,
e conducting interviews of users and developers,

o referring to the database or

e collecting answers from the questionnaires.

Feasibility Study

After requirement gathering, the team comes up with a rough plan of software
process. At this step the team analyzes if a software can be designed to fulfill all
requirements of the user, and if there is any possibility of software being no more
useful. It is also analyzed if the project is financially, practically, and
technologically feasible for the organization to take up. There are many algorithms
available, which help the developers to conclude the feasibility of a software
project.

System Analysis

At this step the developers decide a roadmap of their plan and try to bring up the
best software model suitable for the project. System analysis _includes

understanding of software product limitations, learning system relat lems
or changes to be done in existing systems beforehand, i fy@ d addressing
the impact of project on organization and perso, rOJect team analyzes

the scope of the project and plans the N@ dre uTes accordingly.
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Next ?;v ge of requirements and analysis on the
desk §nd*design the s duct The inputs from users and information
gathered in requirement gatherlng phase are the inputs of this step. The output
of this step comes in the form of two designs; logical design, and physical design.
Engineers produce meta-data and data dictionaries, logical diagrams, data-flow
diagrams, and in some cases pseudo codes.

Coding
This step is also known as programming phase. The implementation of software

design starts in terms of writing program code in the suitable programming
language and developing error-free executable programs efficiently.

Testing

An estimate says that 50% of whole software development process should be
tested. Errors may ruin the software from critical level to its own removal.
Software testing is done while coding by the developers and thorough testing is
conducted by testing experts at various levels of code such as module testing,
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Data Flow
.  ——
Entity Data Store

Entities - Entities are sources and destinations of information data. Entities
are represented by rectangles with their respective names.

Process - Activities and action taken on the data are represented by Circle
or Round-edged rectangles.

Data Storage - There are two variants of data storage - it can either be
represented as a rectangle with absence of both smaller sides or as an
open-sided rectangle with only one side missing.

Data Flow - Movement of data is shown by pointed arrows. Data
movement is shown from the base of arrow as its source towards head of
the arrow as destination.

Levels of DFD

Level 0 - Highest abstraction level DFD is known as Lev hich

depicts the entire information system as one E! e‘n_Go eéling all the

underlying details. Level 0 DFDs are alsg context level DFDs.
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Level 1 - The Level 0 DFD is broken down into more specific, Level 1 DFD.
Level 1 DFD depicts basic modules in the system and flow of data among
various modules. Level 1 DFD also mentions basic processes and sources
of information.
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decomposes functions into sub-functions in a hierarchical manner. It depicts the
functions performed by system.

HIPO diagrams are good for documentation purpose. Their graphical
representation makes it easier for designers and managers to get the pictorial idea
of the system structure.

Online
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In contrast to Input Process Output W@%@hlch depicts the flow of

control and data in a module, HIP provid ﬂ ihnformation about data
flow or control flow. 3—

Input Process Output

take authentication credentials
from user-screen

|
User Screen Ell> Check validity of credentials _L> User Screen

Call Appropriate Module

Example

Both parts of HIPO diagram, Hierarchical presentation, and IPO Chart are used for
structure designing of software program as well as documentation of the same.
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Structured English

Most programmers are unaware of the large picture of software so they only rely
on what their managers tell them to do. It is the responsibility of higher software
management to provide accurate information to the programmers to develop
accurate yet fast code.

Different methods, which use graphs or diagrams, at times might be interpreted
in a different way by different people.

Hence, analysts and designers of the software come up with tools such as
Structured English. It is nothing but the description of what is required to code
and how to code it. Structured English helps the programmer to write error-free
code. Here, both Structured English and Pseudo-Code tries to mitigate that
understanding gap.

Structured English uses plain English words in structured programming paradigm.
It is not the ultimate code but a kind of description what is required to code and
how to code it. The following are some tokens of structured programming:

IF-THEN-ELSE, O UK
e .GV

DO-WHILE-UNTIL

Analyst uses the same variable andw Xaae I-Ez are stored in Data
ite and é;n

Dictionary, making it muc)‘m the code.
Examp { \,\G\N 55
We t he same exa eangtomer Authentication in the online shopping

environment. This procedure to authenticate customer can be written in
Structured English as:

Enter Customer_Name
SEEK Customer_Name in Customer_Name_DB file
IF Customer_Name found THEN
Call procedure USER_PASSWORD_AUTHENTICATE()
ELSE
PRINT error message
Call procedure NEW_CUSTOMER_REQUEST()
ENDIF
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Softw? We d as series of well-defined steps. Though
it vari@s according to des ach (function oriented or object oriented, yet It
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Classes - A class is a generalized description of an object. An object is an
instance of a class. Class defines all the attributes, which an object can have
and methods, which defines the functionality of the object.

In the solution design, attributes are stored as variables and functionalities
are defined by means of methods or procedures.

Encapsulation - In OOD, the attributes (data variables) and methods
(operation on the data) are bundled together is called encapsulation.
Encapsulation not only bundles important information of an object together,
but also restricts access of the data and methods from the outside world.
This is called information hiding.

Inheritance - OOD allows similar classes to stack up in hierarchical
manner where the lower or sub-classes can import, implement and re-use
allowed variables and methods from their immediate super classes. This
property of OOD is known as inheritance. This makes it easier to define
specific class and to create generalized classes from specific ones.

Polymorphism - OOD languages provide a mechanism where thods

performing similar tasks but vary in arguments, can be assi same
name. This is called polymorphism, WhICh aI gle interface
on how the function is

performing tasks for different types. D
invoked, respective portio ‘gﬁ xg

S exeﬁtﬁlj

en Of >

may have the following steps involved:

A solution design is created from requirement or previous used system
and/or system sequence diagram.

Objects are identified and grouped into classes on behalf of similarity in
attribute characteristics.

Class hierarchy and relation among them is defined.

Application framework is defined.
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Software Design Approaches

Here are two generic approaches for software designing:

Top Down Design

We know that a system is composed of more than one sub-systems and it contains
a number of components. Further, these sub-systems and components may have
their own set of sub-systems and components, and creates hierarchical structure
in the system.

Top-down design takes the whole software system as one entity and then
decomposes it to achieve more than one sub-system or component based on some
characteristics. Each sub-system or component is then treated as a system and
decomposed further. This process keeps on running until the lowest level of
system in the top-down hierarchy is achieved.

Top-down design starts with a generalized model of system and keeps on defining
the more specific part of it. When all the components are composed the whole
system comes into existence.

Top-down design is more suitable when the software solution n@@:Meygned
from scratch and specific details are unknown

Bottom-up Design W

'&e ’AC and basic components. It

The bottom up desi

proceeds wj m higher ponents by using basic or lower level
comp <1t keeps c g er IeveI components until the desired system
is not evoIved as one s e component. With each higher level, the amount of

abstraction is increased.

Bottom-up strategy is more suitable when a system needs to be created from
some existing system, where the basic primitives can be used in the newer
system.

Both, top-down and bottom-up approaches are not practical individually. Instead,
a good combination of both is used.
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A model used for GUI design and development should fulfill these GUI specific

steps.

GUI Requirement
Specification

Gul
Task Analysis

GLI
Design &

Implementation \(
oV
\e &
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GUI Requirement Gathering - like to have list of all

functional and non-fun gﬂk irement PE@ his can be taken from
war

user and thelr eKi t|

Q,I t|o
?‘@MI‘ S - ?rm studies who is going to use the software GUI.
he S

target audien as the design details change according to the
knowledge and competency level of the user. If user is technical savvy,
advanced and complex GUI can be incorporated. For a novice user, more
information is included on how-to of software.

Task Analysis - Designers have to analyze what task is to be done by the
software solution. Here in GUI, it does not matter how it will be done. Tasks
can be represented in hierarchical manner taking one major task and
dividing it further into smaller sub-tasks. Tasks provide goals for GUI
presentation. Flow of information among sub-tasks determines the flow of
GUI contents in the software.

GUI Design and implementation - Designers after having information
about requirements, tasks and user environment, design the GUI and
implements into code and embed the GUI with working or dummy software
in the background. It is then self-tested by the developers.
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Software Testing Overview

Software Testing is evaluation of the software against requirements gathered from
users and system specifications. Testing is conducted at the phase level in
software development life cycle or at module level in program code. Software
testing comprises of Validation and Verification.

Software Validation

Validation is process of examining whether or not the software satisfies the user
requirements. It is carried out at the end of the SDLC. If the software matches
requirements for which it was made, it is validated. \4

o Validation ensures the product under developr‘rﬁ@ |{}Opér the user
requirements.

o Validation answers the qu ng the product which
attempts all that *ﬁ@ om ar
étdé\r, \Ep snzes o Eﬁ%e

Software Verlﬁcatlon

Verification is the process of confirming if the software is meeting the business
requirements, and is developed adhering to the proper specifications and
methodologies.

ments.

o Verification ensures the product being developed is according to design
specifications.

o Verification answers the question- "Are we developing this product by firmly
following all design specifications ?"

o Verifications concentrates on the design and system specifications.
Target of the test are -

e« Errors - These are actual coding mistakes made by developers. In addition,
there is a difference in output of software and desired output, is considered
as an error.
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input output

In this testing method, the design and structure of the code are known to the
tester. Programmers of the code conduct this test on the code.

The below are some White-box testing techniques:

o Control-flow testing - The purpose of the control-flow testing to set up
test cases which covers all statements and branch conditions. The branch
conditions are tested for both being true and false, so that all statements
can be covered.

« Data-flow testing - This testing technique emphasis to cover all the data
variables included in the program. It tests where the variables were
declared and defined and where they were used or change V

C
Testing Levels Sa'\e

Testing itself may be defin n Ie eIs o‘ 3— qe testing process runs
parallel to software %‘n Be the next stage, a stage is

o b 34
tested erified. gax'

v
Testin gparately is doQ]@t make sure that there are no hidden bugs or
issues left in the software. Software is tested on various levels -

Unit Testing

While coding, the programmer performs some tests on that unit of program to
know if it is error free. Testing is performed under white-box testing approach.
Unit testing helps developers decide that individual units of the program are
working as per requirement and are error free.

Integration Testing

Even if the units of software are working fine individually, there is a need to find
out if the units if integrated together would also work without errors. For example,
argument passing and data updation etc.
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Testing vs. Quality Control & Assurance and Audit

We need to understand that software testing is different from software quality
assurance, software quality control and software auditing.

Software quality assurance - These are software development process
monitoring means, by which it is assured that all the measures are taken
as per the standards of organization. This monitoring is done to make sure
that proper software development methods were followed.

Software quality control - This is a system to maintain the quality of
software product. It may include functional and non-functional aspects of
software product, which enhance the goodwill of the organization. This
system makes sure that the customer is receiving quality product for their
requirement and the product certified as *fit for use’.

Software audit - This is a review of procedure used by the organization to
develop the software. A team of auditors, independent of development team
examines the software process, procedure, requirements and other aspects
of SDLC. The purpose of software audit is to check that softwa wd its
development process, both conform standards, rules anC@lla Hans.

No’ﬁesa |
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Software Maintenance Overview

Software maintenance is widely accepted part of SDLC now a days. It stands for
all the modifications and updations done after the delivery of software product.
There are number of reasons, why modifications are required, some of them are
briefly mentioned below:

e Market Conditions - Policies, which changes over the time, such as
taxation and newly introduced constraints like, how to maintain
bookkeeping, may trigger need for modification.

o Client Requirements - Over the time, customer may ask for new features
or functions in the software. \4

« Host Modifications - If any of the hardware a ﬂ‘n (such as
operating system) of the target host cha @9@& changes are needed
to keep adaptability.

. Organ|zat|o :] QMere IKDQS level change at client

duction za n strength, acquiring another

end, H\:n
? organlzga%éng into new business, need to modify in the
y arise.

riginal software

Types of maintenance

In a software lifetime, type of maintenance may vary based on its nature. It may
be just a routine maintenance tasks as some bug discovered by some user or it
may be a large event in itself based on maintenance size or nature. Following are
some types of maintenance based on their characteristics:

o Corrective Maintenance - This includes modifications and updations done
in order to correct or fix problems, which are either discovered by user or
concluded by user error reports.

e Adaptive Maintenance - This includes modifications and updations
applied to keep the software product up-to date and tuned to the ever
changing world of technology and business environment.
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Perfective Maintenance - This includes modifications and updates done
in order to keep the software usable over long period of time. It includes
new features, new user requirements for refining the software and improve
its reliability and performance.

Preventive Maintenance - This includes modifications and updations to
prevent future problems of the software. It aims to attend problems, which
are not significant at this moment but may cause serious issues in future.

Cost of Maintenance

Reports suggest that the cost of maintenance is high. A study on estimating
software maintenance found that the cost of maintenance is as high as 67% of
the cost of entire software process cycle.

Reguirement

Designing

Implementatig ‘u\(
a\e 0

Testing

Maintenance

On an average, the cost of software maintenance is more than 50% of all SDLC
phases. There are various factors, which trigger maintenance cost go high, such

as:

Real-world factors affecting Maintenance Cost

The standard age of any software is considered up to 10 to 15 years.

Older softwares, which were meant to work on slow machines with less
memory and storage capacity cannot keep themselves challenging against
newly coming enhanced softwares on modern hardware.
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e As technology advances, it becomes costly to maintain old software.

e Most maintenance engineers are newbie and use trial and error method to
rectify problem.

o Often, changes made can easily hurt the original structure of the software,
making it hard for any subsequent changes.

e Changes are often left undocumented which may cause more conflicts in

future.

Software-end factors affecting Maintenance Cost
e Structure of Software Program

e Programming Language
e Dependence on external environment

o Staff reliability and availability

Maintenance Activities

IEEE provides a framework for sequential maintenance roce?:‘.f.n vh&s\gt can
be used in iterative manner and can be extended ga t@Js ized items and

"(

processes can be included. NO

Maintenance [NELELE L
Activities

Acceptance

Testing System Testing

These activities go hand-in-hand with each of the following phase:

o Identification & Tracing - It involves activities pertaining to identification
of requirement of modification or maintenance. It is generated by user or
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Legacy software cannot keep tuning with the latest technology available in the
market. As the hardware become obsolete, updating of software becomes a
headache. Even if software grows old with time, its functionality does not.

For example, initially Unix was developed in assembly language. When language
C came into existence, Unix was re-engineered in C, because working in assembly
language was difficult.

Other than this, sometimes programmers notice that few parts of software need
more maintenance than others and they also need re-engineering.

Existing » Reverse
Software Engineering

-

Re-structuring

Re- @Slﬁeermg P@&ge

Decide what to re-engineer. Is it whole software or a part of it?

« Perform Reverse Engineering, in order to obtain specifications of existing
software.

e Restructure Program if required. For example, changing function-
oriented programs into object-oriented programs.

e Re-structure data as required.

e Apply Forward engineering concepts in order to get re-engineered
software.

There are few important terms used in Software re-engineering
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Reverse Engineering

It is a process to achieve system specification by thoroughly analyzing,
understanding the existing system. This process can be seen as reverse SDLC
model, i.e. we try to get higher abstraction level by analyzing lower abstraction
levels.

An existing system is previously implemented design, about which we know
nothing. Designers then do reverse engineering by looking at the code and try to
get the design. With design in hand, they try to conclude the specifications. Thus,
going in reverse from code to system specification.

Existing Reverse
Software Engineering

Program Restructuring

It is a process to re-structure and re-construct the existing software. It is ®lyabout
re-arranging the source code, either in same programming Iang:‘/ one
programming language to a different one. Restruct é e elther source
code-restructuring and data-restructurin
“lonallt

Program

Specifications

_‘]of I@Tftware but enhance
ts, which cause errors very

Re-structuring does not i &a@ f
reliability and ma %Na% rogrm
ed

frequ? g hre-structuring
The ddpendability of so obsolete hardware platform can be removed via
re-structuring.

Forward Engineering

Forward engineering is a process of obtaining desired software from the
specifications in hand which were brought down by means of reverse engineering.
It assumes that there was some software engineering already done in the past.

Forward engineering is same as software engineering process with only one
difference - it is carried out always after reverse engineering.

Program
Specifications Forward

from Reverse Engineering
Engineering
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Change Control Tools

These tools are considered as a part of configuration management tools. They deal
with changes made to the software after its baseline is fixed or when the software
is first released. CASE tools automate change tracking, file management, code
management and more. It also helps in enforcing change policy of the
organization.

Programming Tools

These tools consist of programming environments like IDE (Integrated
Development Environment), in-built modules library and simulation tools. These
tools provide comprehensive aid in building software product and include features
for simulation and testing. For example, Cscope to search code in C, Eclipse.

Prototyping Tools

Software prototype is simulated version of the intended software product.
Prototype provides initial look and feel of the product and simulates few aspect of
actual product.

Prototyping CASE tools essentially come with graphical libraries. TheWc \Qreate

hardware independent user interfaces and design. The us to build

rapid prototypes based on existing mformigs |t|on they provide
Sere

simulation of software prototype GTrototype composer,
Mockup Builder.

Wetﬁ)\eé&lp@w n 'X_OB
These\ools assist in de b pages with all allied elements like forms, text,

script, graphic and so on. Web tools also provide live preview of what is being
developed and how will it look after completion. For example, Fontello, Adobe
Edge Inspect, Foundation 3, Brackets.

Quality Assurance Tools

Quality assurance in a software organization is monitoring the engineering process
and methods adopted to develop the software product in order to ensure
conformance of quality as per organization standards. QA tools consist of
configuration and change control tools and software testing tools. For example,
SoapTest, AppsWatch, JMeter.

Maintenance Tools

Software maintenance includes modifications in the software product after it is
delivered. Automatic logging and error reporting techniques, automatic error
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ticket generation and root cause Analysis are few CASE tools, which help software
organization in maintenance phase of SDLC. For example, Bugzilla for defect
tracking, HP Quality Center.
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