1.1

Definition of Software and Characteristics of Software

Definition of Software


Software is defined as
1. Instructions (computer programs) that when executed provide desired function and performance.
2. Data structures that enable the programs to adequately manipulate information.
3. Documents that describe the operation and use of the programs.

Characteristics of Software
(Question: Define software. Describe characteristics of software. – 3 Marks)
 Software is a logical rather than a physical system element.
 Software has characteristics that are considerably different than those of hardware:
1
2
3

Software is developed or engineered, it is not manufactured in the classical sense.
Software doesn't "wear out."
Although the industry is moving toward component-based assembly, most software continues to be
custom built.

Software is developed or engineered, it is not manufactured in the classical sense.
(Question: Justify your answer that, software is developed or engineered and not manufactured. – 3 Marks)
 Although some similarities exist between software development and hardware manufacture, the two
activities are fundamentally different.
 In both activities, high quality is achieved through good design, but the manufacturing phase for hardware
can introduce quality problems that are nonexistent (or easily corrected) for software.
 Both activities are dependent on people, but the relationship between people applied and work
accomplished is entirely different.
 Both activities require the construction of a "product" but the approaches are different.
 Software costs are concentrated in engineering. This means that software projects cannot be managed as
if they were manufacturing projects.
Software doesn't "wear out."
(Question: Justify the implication that
the software doesn’t wear out but
deteriorate. – 3 Marks)
 The relationship, called the
"bathtub curve,"
 This indicates that hardware
exhibits relatively high failure
rates early in its life; defects are
corrected and the failure rate
drops to a steady-state level,
ideally, quite low for some
period of time.
 With time the failure rate rises
again as hardware components
suffer from the cumulative
effects of dust, vibration, abuse,
temperature extremes, and many
other environmental maladies.
 Figure 1.1 explains the failure rate as a function of time for hardware.
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Stated simply, the hardware
begins to wear out.
Software is not susceptible to
the environmental maladies
that cause hardware to wear
out.
The failure rate curve for
software should take the
form of the “idealized curve”
shown in Figure 1.2.
Undiscovered defects will
cause high failure rates early
in the life of a program.
However, these are corrected
(ideally, without introducing
other errors) and the curve
flattens as shown.
The idealized curve is a gross
oversimplification of actual failure models for software.
The implication is clear—software doesn't wear out. But it does deteriorate!

Although the industry is moving toward component-based assembly, most software continues to be custom
built.



A software component should be designed and implemented so that it can be reused in many different
programs.
For example, today's graphical user interfaces are built using reusable components that enable the creation
of graphics windows, pull-down menus, and a wide variety of interaction mechanisms.
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1.2

Type / Categories of Software

1. System Software
a. System software is a collection of programs written to service other programs.
b. Few examples of system software are compilers, editors, and file management utilities, process
complex, but determinate, information structures.
c. Other systems applications are operating system components, drivers, and telecommunications.
2. Real-time Software
a. Software that monitors or analyzes or controls real-world events as they occur is called real time.
b. Elements of real-time software include a data gathering component that collects and formats
information from an external environment, an analysis component that transforms information as
required by the application.
c. A control/output component that responds to the external environment, and a monitoring
component that coordinates all other components so that real-time response can be maintained.
3. Business Software
a. Business information processing is the largest single software application area. Discrete "systems”.
b. For example: payroll, accounts receivable/payable, inventory have evolved into management
information system (MIS) software that accesses one or more large databases containing business
information.
c. Applications in this area restructure existing data in a way that facilitates business operations or
management decision making.
d. In addition to conventional data processing application, business software applications also
encompass interactive computing.
4. Engineering and Scientific Software
a. Engineering and scientific software have been characterized by "number crunching" algorithms.
b. Applications range from astronomy to volcanology, from automotive stress analysis to space
shuttle orbital dynamics, and from molecular biology to automated manufacturing.
c. However, modern applications within the engineering/scientific area are moving away from
conventional numerical algorithms.
d. Computer-aided design, system simulation, and other interactive applications have begun to take
on real-time and even system software characteristics.
5. Embedded Software
a. Intelligent products have become commonplace in nearly every consumer and industrial market.
b. Embedded software resides in read-only memory and is used to control products and systems for
the consumer and industrial markets.
c. Embedded software can perform very limited and esoteric functions, for example: keypad control
for a microwave oven.
d. To provide significant function and control capability, for example: digital functions in an
automobile such as fuel control, dashboard displays, and braking systems.
6. Personal Computer Software
a. The personal computer software market has burgeoned over the past two decades.
b. Word processing, spreadsheets, computer graphics, multimedia, entertainment, database
management, personal and business fi applications, external network, and database access are only
a few of hundreds of applications.
7. Web-based Software
a. The Web pages retrieved by a browser are software that incorporates executable instructions and
data.
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1.3

Software Engineering (Definition and Need)

1.3.1 Definition:


Software Engineering is the study and application of engineering to the design, development, and
maintenance of software.
 Software engineering can be divided into ten sub disciplines. They are:
1. Software requirements:
The elicitation, analysis, specification, and validation of requirements for software.
2. Software design:
The process of defining the architecture, components, interfaces, and other characteristics of a system or
component. It is also defined as the result of that process.
3. Software construction:
The detailed creation of working, meaningful software through a combination of coding, verification, unit
testing, integration testing, and debugging.
4. Software testing:
The dynamic verification of the behavior of a program on a finite set of test cases, suitably selected from
the usually infinite executions domain, against the expected behavior.
5. Software maintenance: The totality of activities required to provide cost-effective support to software.
6. Software configuration management: The identification of the configuration of a system at distinct
points in time for the purpose of systematically controlling changes to the configuration, and maintaining
the integrity and traceability of the configuration throughout the system life cycle.
7. Software engineering management:
The application of management activities planning, coordinating, measuring, monitoring, controlling, and
reporting to ensure that the development and maintenance of software is systematic, disciplined, and
quantified.
8. Software engineering process:
The definition, implementation, assessment, measurement, management, change, and improvement of the
software life cycle process itself.
9. Software engineering tools and methods:
The computer-based tools that are intended to assist the software life cycle processes, see Computer Aided
Software Engineering, and the methods which impose structure on the software engineering activity with
the goal of making the activity systematic and ultimately more likely to be successful.
10. Software quality:
The degree to which a set of inherent characteristics fulfills requirements.

1.3.2 Need of Software Engineering






Computer information and control systems are increasingly embedded and integrated into the fabric of
human society.
Computer systems are not standalone, but are usually just component parts of much larger, complex
systems involving hardware, software, people, and all the unpredictable events in the natural world.
Our very lives depend on these interdependent systems working reliably all the time.
Most people, even most computer science graduates, are not fully aware of both the difficulty involved
in building such complex systems and the essential need for those building them to be equipped with
advanced techniques not taught in ordinary computer programming courses.
Software Engineering is the discipline dedicated to the principles and techniques required for the sound
construction of the computer systems of today and tomorrow.
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1.4




Relationship between System Engineering and Software Engineering
System engineering concern with all the aspect of computer based system development including
hardware, software and process engineering.
Software engineering is part of this process concern with developing the software infrastructure, control,
application and database in the system.
System engineering are involved in the system specification, architecture design, integration and
deployment.
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1.5 Software Engineering – A Layered Approach
(Question: Explain software engineering as a layered approach? – 6Marks)





Software development is totally a layered technology.
That means, to develop software one will have to go from one layer to another.
The layers are related and each layer demands the fulfillment of the previous layer.
Figure below is the upward flowchart of the layers of software development.

A Quality Focus:





Software engineering must rest on an organizational commitment to quality.
The bedrock that supports software engineering is a quality focus.
Total quality management and similar philosophies is a continuous process improvement culture,
And this culture ultimately leads to the development of increasingly more mature approaches to software
engineering.

Process:




The foundation for software engineering is the process layer.
Process defines a framework for a set of Key Process Areas that must be established for effective delivery
of software engineering technology.
This establishes the context in which
1. Technical methods are applied
2. Work products such as models, documents, data, reports, forms, etc. are produced
3. Milestones are established
4. Quality is ensured
5. Change is properly managed.

Methods:




Software engineering methods provide the technical how-to's for building software.
Methods will include requirements analysis, design, program construction, testing, and support.
This relies on a set of basic principles that govern each area of the technology and include modeling
activities and other descriptive techniques.

Tools:




Software engineering tools provide automated or semi-automated support for the process and the
methods.
When tools are integrated so that information created by one tool can be used by another.
A system for the support of software development, called computer-aided software engineering is
established.
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1.6






Software Development Generic Process Framework:
A process framework establishes the foundation for a complete software process by identifying a
small number of framework activities that are applicable to all software projects, regardless of size or
complexity.
It also includes a set of umbrella activities that are applicable across the entire software process.
Some most applicable framework activities are described below.

Communication:
 This activity involves heavy communication with
customers and other stakeholders in order to gather
requirements and other related activities.
Planning:
 Here a plan to be followed will be created which will
describe the technical tasks to be conducted, risks that
can occur, required resources, work schedule etc.
Modeling:
 A model will be created to better understand the
requirements and design to achieve these
requirements.
Construction:
 Here the code will be generated and tested.
Deployment:
 Here, a complete or partially complete version of the
software is represented to the customers to evaluate
and they give feedbacks based on the evaluation.
These above described five generic activities can be used
in any kind of software development. The details of the
software development process may become a little different,
but the framework activities remain the same.
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1.8









Perspective Process Models
A software process model is a simplified representation of a software process.
Each model represents a process from a specific perspective.
We are going to take a quick glance about very general process models.
Generic models are abstractions of the process that can be used to explain different approaches to the
software development.
They can be adapted and extended to create more specific processes.
Some methodologies are sometimes known as software development life cycle (SDLC) methodologies,
though this term could also be used more generally to refer to any methodology.
Type of Software Development Life Cycle or Software process model:
o Waterfall Model
o Incremental Model
o RAD Model
o Prototyping Model
o Spiral Model

Waterfall Model
(Question: Describe various phases of waterfall process model with neat diagram, - 6 Marks) (Nature,
Advantages, Disadvantages and Application)







Also known as the classic life cycle or the waterfall model, the linear sequential model suggests a
systematic, sequential approach to software development that begins at the system level and progresses
through analysis, design, coding, testing, and support.
Figure 1.6 illustrates the linear sequential model for software engineering.
Modeled after a conventional engineering cycle, the linear sequential model encompasses the following
activities:

System/information engineering and modeling. Because software is always part of a larger system (or
business), work begins by establishing requirements for all system elements and then allocating some
subset of these requirements to software.
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Phases of waterfall model:
o Software requirements analysis: The requirements gathering process is intensified and focused
specifically on software.
o Design Software: Design is actually a multistep process that focuses on four
Distinct attributes of a program: data structure, software architecture, interface representations, and
procedural (algorithmic) detail. The design process translates requirements into a representation of the
software that can be assessed for quality before coding begins. Like requirements, the design is
documented and becomes part of the software configuration.
o Code generation: The design must be translated into a machine-readable form. The code generation
step performs this task. If design is performed in a detailed manner, code generation can be
accomplished mechanistically.
o Testing: Once code has been generated, program testing begins. The testing process focuses on the
logical internals of the software, ensuring that all statements have been tested, and on the functional
externals; that is, conducting tests to uncover errors and ensure that defined input will produce actual
results that agree with required results.



Advantages
o Organized approach, provides robust separation of phases.
o Reflects common engineering practice.
Disadvantages
o Doesn’t cope well with changes the client.
o Development required by teams might wait for each other.
o A working version of the product is available only late.
Applicability
o When requirements are well known and few changes are likely to be needed.
o Can be used also for parts of larger software systems.





Incremental Model
(Question: Describe various phases of Incremental process model with neat diagram. - 6 Marks)










The incremental model combines elements of the linear sequential model with the iterative philosophy of
prototyping.
Figure 1.7, the incremental model applies linear sequences in a staggered fashion as calendar time
progresses.
Each linear sequence produces a deliverable “INCREMENT” of the software.
For example, word-processing software developed using the incremental paradigm might deliver basic
file management, editing, and document production functions in the first increment; more sophisticated
editing and document production capabilities in the second increment; spelling and grammar checking in
the third increment; and advanced page layout capability in the fourth increment.
It should be noted that the process flow for any increment can incorporate the prototyping paradigm.
The incremental process model, like prototyping and other evolutionary approaches, is iterative in nature.
But unlike prototyping, the incremental model focuses on the delivery of an operational product with each
increment.
Early increments are stripped down versions of the final product, but they do provide capability that serves
the user and also provide a platform for evaluation by the user.
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Advantages:
o Provides better support for process iteration.
o Reduces rework in the software construction process.
o Some decisions on requirements may be delayed.
o Allows early delivery of parts of the system.
o Supports easier integration of sub-systems.
o Lower risk of project failure.
o Delivery priorities can be more easily set.



Disadvantages:
o Increments need be relatively small
o Mapping requirements to increments may not be easy.
o Common software facilities may be difficult to identify.



Applicability:
o When it is possible to deliver the system “part-by-part”.
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RAD Model





















RAD model is Rapid Application
Development model.
It is a type of incremental model.
In RAD model the components or
functions are developed in parallel as if
they were mini projects.
The developments are time boxed,
delivered and then assembled into a
working prototype.
This can quickly give the customer
something to see and use and to provide
feedback regarding the delivery and
their requirements.
The phases in the rapid application
development (RAD) model are:
Business modeling: The information
flow is identified between various
business functions.
Data modeling: Information gathered
from business modeling is used to define
data objects that are needed for the
business.
Process modeling: Data objects defined
in data modeling are converted to
achieve the business information flow to achieve some specific business objective. Description are
identified and created for CRUD of data objects.
Application generation: Automated tools are used to convert process models into code and the actual
system.
Testing and turnover: Test new components and all the interfaces.
Advantages of the RAD model:
Reduced development time.
Increases reusability of
components
Quick initial reviews occur
Encourages customer feedback
Integration from very beginning
solves a lot of integration issues.







Disadvantages of RAD model:
Depends on strong team and individual performances for
identifying business requirements.
Only system that can be modularized can be built using
RAD
Requires highly skilled developers/designers.
High dependency on modeling skills
Inapplicable to cheaper projects as cost of modeling and
automated code generation is very high.

When to use RAD model (Application):




RAD should be used when there is a need to create a system that can be modularized in 2-3 months of
time.
It should be used if there’s high availability of designers for modeling and the budget is high enough to
afford their cost along with the cost of automated code generating tools.
RAD SDLC model should be chosen only if resources with high business knowledge are available and
there is a need to produce the system in a short span of time (2-3 months).
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Prototyping Model










The basic idea in Prototype model is
that instead of freezing the
requirements before a design or coding
can proceed, a throwaway prototype is
built to understand the requirements.
This prototype is developed based on
the currently known requirements.
By using this prototype, the client can
get an “actual feel” of the system,
since the interactions with prototype
can enable the client to better
understand the requirements of the
desired system.
Prototyping is an attractive idea for
complicated and large systems for
which there is no manual process or
existing system to help determining
the requirements.
The prototype are usually not complete systems and many of the details are not built in the prototype.
The goal is to provide a system with overall functionality.

Advantages of Prototype model:
 Users are actively involved in the development
 Since in this methodology a working model of the system is provided, the users get a better understanding
of the system being developed.
 Errors can be detected much earlier.
 Quicker user feedback is available leading to better solutions.
 Missing functionality can be identified easily
 Confusing or difficult functions can be identified, requirements validation, quick implementation of
incomplete, but functional, application.
Disadvantages of Prototype model:
 Leads to implementing and then repairing way of building systems.
 Practically, this methodology may increase the complexity of the system as scope of the system may
expand beyond original plans.
 Incomplete application may cause application not to be used as the full system was designed incomplete
or inadequate problem analysis.
When to use Prototype model: (Application)
 Prototype model should be used when the desired system needs to have a lot of interaction with the end
users.
 Typically, online systems, web interfaces have a very high amount of interaction with end users, are best
suited for Prototype model. It might take a while for a system to be built that allows ease of use and needs
minimal training for the end user.
 Prototyping ensures that the end users constantly work with the system and provide a feedback which is
incorporated in the prototype to result in a useable system. They are excellent for designing good human
computer interface systems.
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Spiral Model













The spiral model is similar to
the incremental model, with
more emphasis placed on
risk analysis.
The spiral model has four
phases: Planning, Risk
Analysis, Engineering and
Evaluation.
A
software
project
repeatedly passes through
these phases in iterations
(called Spirals in this
model).
The baseline spiral, starting in the planning phase, requirements are gathered and risk is assessed.
Each subsequent spirals builds on the baseline spiral.
Planning Phase: Requirements are gathered during the planning phase. Requirements like ‘BRS’ that is
‘Business Requirement Specifications’ and ‘SRS’ that is ‘System Requirement specifications’.
Risk Analysis: In the risk analysis phase, a process is undertaken to identify risk and alternate
solutions. A prototype is produced at the end of the risk analysis phase. If any risk is found during the
risk analysis then alternate solutions are suggested and implemented.
Engineering Phase: In this phase software is developed, along with testing at the end of the phase. Hence
in this phase the development and testing is done.
Evaluation phase: This phase allows the customer to evaluate the output of the project to date before the
project continues to the next spiral.

Advantages of Spiral model:






High amount of risk analysis hence, avoidance of Risk is enhanced.
Good for large and mission-critical projects.
Strong approval and documentation control.
Additional Functionality can be added at a later date.
Software is produced early in the software life cycle.

Disadvantages of Spiral model:





Can be a costly model to use.
Risk analysis requires highly specific expertise.
Project’s success is highly dependent on the risk analysis phase.
Doesn’t work well for smaller projects.

When to use Spiral model:








When costs and risk evaluation is important
For medium to high-risk projects
Long-term project commitment unwise because of potential changes to economic priorities
Users are unsure of their needs
Requirements are complex
New product line
Significant changes are expected (research and exploration)
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1.9










Agile Software Development
Agile software development methodology is an process for developing software (like other software
development methodologies – Waterfall model, V-Model, Iterative model etc.).
However, agile methodology differs significantly from other methodologies.
In English, Agile means ‘Ability to Move Quickly and Easily’ and responding swiftly to change – this is
a key aspect of agile software development as well.
In traditional software development methodologies like Waterfall model, a project can take several months
or years to complete and the customer may not get to see the end product until the completion of the
project.
At a high level, non-Agile projects allocate extensive periods of time for Requirements gathering, design,
development, testing and User Acceptance Testing, before finally deploying the project.
In contrast to this, agile projects have Sprints or iterations which are shorter in duration (Sprints/iterations
can vary from 2 weeks to 2 months) during which pre-determined features are developed and delivered.
Agile projects can have one or more iterations and deliver the complete product at the end of the final
iteration.

Advantages of Agile Methodology








In Agile methodology the delivery of software is unremitting.
The customers are satisfied because after every Sprint working feature of the software is delivered to them.
Customers can have a look of the working feature which fulfilled their expectations.
If the customers has any feedback or any change in the feature then it can be accommodated in the current
release of the product.
In Agile methodology the daily interactions are required between the business people and the developers.
In this methodology attention is paid to the good design of the product.
Changes in the requirements are accepted even in the later stages of the development.

Disadvantages of the Agile Methodology





In Agile methodology the documentation is less.
Sometimes in Agile methodology the requirement is not very clear hence it’s difficult to predict the
expected result.
In few of the projects at the starting of the software development life cycle it’s difficult to estimate the
actual effort required.
The projects following the agile methodology may have to face some unknown risks which can affect the
development of the project.
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Difference between Prescriptive (traditional methodology) and agile process model.
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1.9

Extreme Programming


Extreme Programming is a way to handle the common shortcomings.




Extreme Programming builds on software engineering phases and codding.
It is the detailed (not the only) design activity with multiple tight feedback loops through effective
implementation, testing and refactoring continuously.
Extreme Programming is based on the following values:
o Communication
o Simplicity
o Feedback
o Courage









o Respect
XP is a lightweight, efficient, low-risk, flexible, predictable, scientific, and fun way to develop a
software.
Extreme Programming is one of the agile software development methodologies.
It provides values and principles to guide the team behavior. The team is expected to self-organize.
A key assumption of Extreme Programming is that the cost of changing a program can be held mostly
constant over time.
Iterating facilitates the accommodating changes as the software evolves with the changing
requirements.

Advantages








Slipped schedules − and achievable
development cycles ensure timely
deliveries.
Staff turnover − Intensive team
collaboration ensures enthusiasm and
good will. Cohesion of multidisciplines fosters the team spirit.
Business changes − Changes are
considered to be inevitable and are
accommodated at any point of time.
Costs incurred in changes −
Extensive and ongoing testing makes
sure the changes do not break the
existing functionality. A running working system always ensures sufficient time for accommodating
changes such that the current operations are not affected.
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