Software Engineering
Software:
Software is more than just a program code. A program is an executable code,
which serves some computational purpose. Software is considered to be collection of
executable programming code, associated libraries and documentations. Software, when made
for a specific requirement is called software product.
Engineering on the other hand, is all about developing products, using welldefined, scientific principles and methods.

Software characteristics:
A software product can be judged by what it offers and how well it can be used. This
software must satisfy on the following grounds:


Operational



Transitional



Maintenance

Well-engineered and crafted software is expected to have the following characteristics:
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Operational:
This tells us how well software works in operations. It can be measured on:


Budget



Usability



Efficiency



Correctness



Functionality



Dependability



Security



Safety

Transitional:
This aspect is important when the software is moved from one platform to another:


Portability



Interoperability



Reusability



Adaptability

Maintenance:
This aspect briefs about how well a software has the capabilities to maintain itself in the everchanging environment:


Modularity



Maintainability



Flexibility



Scalability
In short, Software engineering is a branch of computer science, which uses well-defined
engineering concepts required to produce efficient, durable, scalable, in-budget and ontime software.
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Software application, software engineering:
Software engineering is an engineering branch associated with development of
software product using well-defined scientific principles, methods and procedures. The outcome
of software engineering is an efficient and reliable software product.

Definitions:
IEEE defines software engineering as:
(1) The application of a systematic,disciplined,quantifiable approach to the
development,operation and maintenance of software; that is, the application of
engineering to software.
(2) The study of approaches as in the above statement
Software engineering is the establishment and use of sound engineering
principles in order to obtain economically software that is reliable and work
efficiently on real machines.

A generic view:
The principal of generic views in the study of cognition stipulates that
the interpretation made by an observer of a distal phenomenon should be such as
to not require that the observer be in a special position to, or relationship with,
the phenomenon in question. The principal is a fairly general account of the
inductive bias that allows an observer to reconstruct distal phenomena from an
impoverished proximal datum.
This principle has been advanced particularly in vision research as an
account of how, for example, three-dimensional structure is extracted from an
inadequate two-dimensional projection.

J. JAGADEESAN, ASST. PROFESSOR OF COMPUTER SCIENCE, AAGASC, KARAIKAL-609 605. (cs.aagasc.edu.in)

Software process: Software process model:
A software process model is an abstract representation of a software process. In
this section a number of general process models are introduced and they are
presented from an architectural viewpoint. These models can be used to explain
different approaches to software development. They can be considered as process
frameworks that may be extended and adapted to create more specific software
engineering processes. In this chapter the following process models will be
introduced:
1. The waterfall model. In this model of software process the fundamental
process activities of specification, development, validation and evolution are
represented as sequential process phases such as requirements specification,
software design, implementation, testing and so on.
2. Evolutionary development. This approach interleaves the activities of
specification, development and validation. An initial system is rapidly
developed from abstract specifications. Then the initial system is refined by
customer inputs to produce a system that satisfies the customer’s needs.
3. Component-based software engineering. The process models that use this
approach are based on the existence of a significant number of reusable
components. The system development process focuses on integrating these
components into a system rather than developing them.
These three generic process models are widely used in current software
engineering practice. They are not mutually exclusive and are often used together,
especially for large systems development. Sub-systems within a larger system may
be developed using different approaches. Therefore, although it is convenient to
discuss these models separately, in practice, they are often combined.

The linear sequential model:
The linear sequential model is the oldest and the most widely used paradigm for software
engineering. However, criticism of the paradigm has caused even active supporters to question its
efficacy . Among the problems that are sometimes encountered when the linear sequential model is
applied are:
1. Real projects rarely follow the sequential flow that the model proposes. Although the linear model
can accommodate iteration, it does so indirectly. As a result, changes can cause confusion as the
project

team

proceeds.

J. JAGADEESAN, ASST. PROFESSOR OF COMPUTER SCIENCE, AAGASC, KARAIKAL-609 605. (cs.aagasc.edu.in)

2. It is often difficult for the customer to state all requirements explicitly. The linear sequential model
requires this and has difficulty accommodating the natural uncertainty that exists at the beginning of
many

projects.

3. The customer must have patience. A working version of the program(s) will not be available until
late in the project time-span. A major blunder, if undetected until the working program is reviewed,
can be disastrous.
In an interesting analysis of actual projects Bradac, found that the linear nature of the classic life
cycle leads to “blocking states” in which some project team members must wait for other members of
the team to complete dependent tasks. In fact, the time spent waiting can exceed the time spent on
productive work! The blocking state tends to be more prevalent at the beginning and end of a linear
sequential process.
Each of these problems is real. However, the classic life cycle paradigm has a definiteand important
place in software engineering work. It provides a template into which methods for analysis, design,
coding, testing, and support can be placed. The classic life cycle remains a widely used procedural
model for software engineering

Prototyping model:
The prototyping model is applied when detailed information related to input and
output requirements of the system is not available. In this model, it is assumed that all
the requirements may not be known at the start of the development of the system. It is
usually used when a system does not exist or in case of a large and complex system
where there is no manual process to determine the requirements. This model allows the
users to interact and experiment with a working model of the system known as
prototype. The prototype gives the user an actual feel of the system
At any stage, if the user is not satisfied with the prototype, it can be discarded and
an entirely new system can be developed. Generally, prototype can be prepared by the
approaches listed below.
1. By creating main user interfaces without any substantial coding so that users can get
a feel of how the actual system will appear.
2. By abbreviating a version of the system that will perform limited subsets of
functions
3. By using system components to illustrate the functions that will be included in the
system to be developed
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Using the prototype, the client can get an actual feel of the system. So, this case
of model is beneficial in the case when requirements cannot be freezed initially.
This prototype is developed based on the currently known requirements.
Development of the prototype obviously undergoes design, coding, and testing, but
each of these phases is not done very formally or thoroughly.

By using this prototype, the client can get an actual feel of the system, because the
interactions with the prototype can enable the client to better understand the
requirements of the desired system.
They provide feedback to the developers regarding the prototype: what is correct,
what needs to be modified, what is missing, what is not needed, etc. Based on the
feedback, the prototype is modified to incorporate some of the suggested changes that
can be done easily, and then the users and the clients are again allowed to use the
system.
This cycle repeats until, in the judgment of the prototypes and analyst. Based on
the feedback, the initial requirements are modified to produce that final requirements
specification, which is then used to develop the production quality system.
Figure Illustrates the steps carried out in the prototyping model. These steps are listed
below.
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1. Requirements gathering and analysis: A prototyping model begins with
requirements analysis and the requirements of the system are defined in detail. The user
is interviewed in order to know the requirements of the system.
2. Quick design: When requirements are known, a preliminary design or quick design
for the system is created. It is not a detailed design and includes only the important
aspects of the system, which gives an idea of the system to the user. A quick design helps
in developing the prototype.
3. Build prototype: Information gathered from quick design is modified to form the
first prototype, which represents the working model of the required system.
4. User evaluation: Next, the proposed system is presented to the user for thorough
evaluation of the prototype to recognize its strengths and weaknesses such as what is to
be added or removed. Comments and suggestions are collected from the users and
provided to the developer.
5. Refining prototype: Once the user evaluates the prototype and if he is not
satisfied, the current prototype is refined according to the requirements. That is, a new
prototype is developed with the additional information provided by the user. The new
prototype is evaluated just like the previous prototype. This process continues until all
the requirements specified by the user are met. Once the user is satisfied with the
developed prototype, a final system is developed on the basis of the final prototype.
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6. Engineer product: Once the requirements are completely met, the user accepts the
final prototype. The final system is evaluated thoroughly followed by the routine
maintenance on regular basis for preventing large-scale failures and minimizing
downtime.
Various advantages and disadvantages associated with the prototyping model are listed
in Table.
Table Advantages and Disadvantages of Prototyping Model
Advantages










Disadvantages

1. Provides a working model to the user

1. If the user is not satisfied by the developed

early in the process, enabling early
assessment
and
increasing
user's
confidence.
2. The developer gains experience and
insight by developing a prototype there

prototype, then a new prototype is developed.
This process goes on until a perfect prototype
is developed. Thus, this model is time
consuming and expensive.
2. The developer loses focus of the real

by resulting in better implementation of
requirements.
3. The prototyping model serves to clarify
requirements, which are not clear, hence
reducing ambiguity and improving

purpose of prototype and hence, may
compromise with the quality of the software.
For example, developers may use some
inefficient algorithms or inappropriate
programming languages while developing the

communication between the developers
and users.

4. There is a great involvement of users

prototype.
3. Prototyping can lead to false expectations.
For example, a situation may be created

in software development. Hence, the
requirements of the users are met to the
greatest extent.


where the user believes that the development
of the system is finished when it is not.
4. The primary goal of prototyping is speedy

5. Helps in reducing risks associated with
the software.

development, thus, the system design can
suffer as it is developed in series without
considering
integration
of
all
other
components.
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RAD model:
Rapid application development (RAD) is a software development methodology that
uses minimal planning in favor of rapid prototyping. A prototype is a working model
that is functionally equivalent to a component of the product.
In RAD model the functional modules are developed in parallel as prototypes and are
integrated to make the complete product for faster product delivery.
Since there is no detailed preplanning, it makes it easier to incorporate the changes
within the development process. RAD projects follow iterative and incremental model
and

have

small

teams

comprising

of

developers,

domain

experts,

customer

representatives and other IT resources working progressively on their component or
prototype.
The most important aspect for this model to be successful is to make sure that the
prototypes developed are reusable.

RAD Model Design
RAD model distributes the analysis, design, build, and test phases into a series of
short, iterative development cycles. Following are the phases of RAD Model:


Business Modeling: The business model for the product under development is
designed in terms of flow of information and the distribution of information
between various business channels. A complete business analysis is performed
to find the vital information for business, how it can be obtained, how and when
is the information processed and what are the factors driving successful flow of
information.



Data Modeling: The information gathered in the Business Modeling phase is
reviewed and analyzed to form sets of data objects vital for the business. The
attributes of all data sets is identified and defined. The relation between these
data objects are established and defined in detail in relevance to the business
model.



Process Modeling: The data object sets defined in the Data Modeling phase are
converted to establish the business information flow needed to achieve specific
business objectives as per the business model. The process model for any
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changes or enhancements to the data object sets is defined in this phase.
Process descriptions for adding , deleting, retrieving or modifying a data object
are given.


Application Generation: The actual system is built and coding is done by using
automation tools to convert process and data models into actual prototypes.



Testing and Turnover:The overall testing time is reduced in RAD model as the
prototypes are independently tested during every iteration. However the data
flow and the interfaces between all the components need to be thoroughly
tested

with

complete

test

coverage.

Since

most

of

the

programming

components have already been tested, it reduces the risk of any major issues.
Following image illustrates the RAD Model:

RAD Model Vs Traditional SDLC
The traditional SDLC follows a rigid process models with high emphasis on requirement
analysis and gathering before the coding starts. It puts a pressure on the customer to
sign off the requirements before the project starts and the customer doesn.t get the
feel of the product as there is no working build available for a long time.
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The customer may need some changes after he actually gets to see the software,
however the change process is quite rigid and it may not be feasible to incorporate
major changes in the product in traditional SDLC.
RAD model focuses on iterative and incremental delivery of working models to the
customer. This results in rapid delivery to the customer and customer involvement
during the complete development cycle of product reducing the risk of non
conformance with the actual user requirements.

RAD Model Application
RAD model can be applied successfully to the projects in which clear modularization is
possible. If the project cannot be broken into modules, RAD may fail. Following are the
typical scenarios where RAD can be used:


RAD should be used only when a system can be modularized to be delivered in
incremental manner.



It should be used if there.s high availability of designers for modeling.



It should be used only if the budget permits use of automated code generating
tools.



RAD SDLC model should be chosen only if domain experts are available with
relevant business knowledge.



Should be used where the requirements change during the course of the project
and working prototypes are to be presented to customer in small iterations of 23 months.



RAD Model Pros and Cons
RAD model enables rapid delivery as it reduces the overall development time due to
reusability of the components and parallel development.
RAD works well only if high skilled engineers are available and the customer is also
committed to achieve the targeted prototype in the given time frame. If there is
commitment lacking on either side the model may fail.
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Following table lists out the pros and cons of RAD Model:
Pros

Cons



Changing

requirements

can

be



accommodated.

Dependency on technically strong team
members

for

identifying

business

requirements.



Progress can be measured.



Iteration time can be short with use of



Only system that can be modularized can be
built using RAD.

powerful RAD tools.


Productivity with fewer people in short time.



Reduced development time.



Increases reusability of components



Quick initial reviews occur



Encourages customer feedback



Integration from very beginning solves a lot



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.



Management complexity is more.



Suitable for systems that are component based
and scalable.

of integration issues.


Requires user involvement throughout the life
cycle.



Suitable

for

project

requiring

shorter

development times.

Fourth generation techniques:
The term fourth generation techniques (4GT) encompasses a broad array of software tools that have
one thing in common: each enables the software engineer to specify some characteristic of software
at a high level. The tool then automatically generates source code based on the developer's
specification. There is little debate that the higher the level at which software can be specified to a
machine, the faster a program can be built. The 4GT paradigm for software engineering focuses on
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the ability to specify software using specialized language forms or a graphic notation that describes
the problem to be solved in terms that the customer can understand.
Currently, a software development environment that supports the 4GT paradigm includes some or all
of the following tools: nonprocedural languages for database query, report generation, data
manipulation, screen interaction and definition, code generation; high-level graphics capability;
spreadsheet capability, and automated generation of HTML and similar languages used for Web-site
creation using advanced software tools. Initially, many of the tools noted previously were available
only for very specific application domains, but today 4GT environments have been extended to
address most software application categories.
Like other paradigms, 4GT begins with a requirements gathering step. Ideally, the customer would
describe requirements and these would be directly translated into an operational prototype. But this
is unworkable. The customer may be unsure of what is required, may be ambiguous in specifying
facts that are known, and may be unable or unwilling to specify information in a manner that a 4GT
tool can consume.For this reason, the customer/developer dialog described for other process
models remains an essential part of the 4GT approach.
For small applications, it may be possible to move directly from the requirements gathering step to
implementation using a nonprocedural fourth generation language (4GL) or a model composed of a
network of graphical icons. However, for larger efforts, it is necessary to develop a design strategy
for the system, even if a 4GL is to be used. The use of 4GT without design (for large projects) will
cause the same difficulties (poor quality, poor maintainability, poor customer acceptance) that have
been encountered when developing software using conventional approaches.
Implementation using a 4GL enables the software developer to represent desired results in a
manner that leads to automatic generation of code to create those results. Obviously, a data
structure with relevant information must exist and be readily accessible by the 4GL. To transform a
4GT implementation into a product, the developer must conduct thorough testing, develop
meaningful documentation, and perform all other solution integration activities that are required in
other software engineering paradigms. In addition, the 4GT developed software must be built in a
manner that enables maintenance to be performed expeditiously.
Like all software engineering paradigms, the 4GT model has advantages and disadvantages.
Proponents claim dramatic reduction in software development time and greatly improved productivity
for people who build software. Opponents claim that current 4GT tools are not all that much easier to
use than programming languages, that the resultant source code produced by such tools is
"inefficient," and that the maintainability of large software systems developed using 4GT is open to
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question. There is some merit in the claims of both sides and it is possible to summarize the current
state of 4GT approaches:
1. The use of 4GT is a viable approach for many different application areas. Coupled with computeraided software engineering tools and code generators, 4GT offers a credible solution to many
software

problems.

2. Data collected from companies that use 4GT indicate that the time required to produce software is
greatly reduced for small and intermediate applications and that the amount of design and analysis
for

small

applications

is

also

reduced.

3. However, the use of 4GT for large software development efforts demands as much or more
analysis, design, and testing (software engineering activities) to achieve substantial time savings
that result from the elimination of coding.
To summarize, fourth generation techniques have already become an important part of software
engineering. When coupled with component-based development approaches (Section 2.8), the 4GT
paradigm may become the dominant approach to software development.

Metrics and indicators:
Measurement is done by metrics. Three parameters are measured: process measurement
through process metrics, product measurement through product metrics, and project
measurement through project metrics
Process metrics assess the effectiveness and quality of software process, determine maturity of
the process, effort required in the process, effectiveness of defect removal during development,
and so on. Product metrics is the measurement of work product produced during different
phases of software development. Project metrics illustrate the project characteristics and their
execution.

Process Metrics:
Using software process metrics, software engineers are able to assess the efficiency of the
software process that is performed using the process as a framework. Process is placed at the
centre of the triangle connecting three factors (product, people, and technology), which have an
important influence on software quality and organization performance. The skill and motivation
of the people, the complexity of the product and the level of technology used in the software
development have an important influence on the quality and team performance. The process
triangle exists within the circle of environmental conditions, which includes development
environment, business conditions, and customer /user characteristics.
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software metrics:
Software metric is a measurement that relates to any quality attributes of the
software system or process. It is often impossible to measure the external software
quality attributes, such as maintainability, understandability, etc., directly. In such
cases, the external attribute is related to some internal attribute assuming a
relationship between them and the internal attribute is measured to predict the
external software characteristic. Three conditions must be hold in this case:
1. The internal attribute must be measured accurately.
2. A relationship must exist between what we can measure and the external
behavioural attribute.
3. This relationship has to be well understood, has been validated and can be
expressed in terms of a mathematical formula.

Project metrics:
is defined as “Standard of measurement by which efficiency,
progress, performance, productivity, quality of a deliverable, process,
project or product can be assessed”.
'Metric'

Project Metrics
These are metrics that pertain to Project Quality. They are used to q uantify
defects, cost, schedule, productivity and estimation of various project
resources and deliverables.

Software measurement:
Software measurement provides a numeric value for some quality attribute
of a software product or a software process. Comparison of these numerical values
to each other or to standards draws conclusions about the quality of software or
software processes. Software product measurements can be used to make general
predictions about a software system and identify anomalous software component.

Size oriented metrics:
Attempt to quantify software projects by using the size of the project to normalize
other quality measures
 Possible data to collect:
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number of lines of code
number of person-months to complete
cost of the project
number of pages of documentation
number of errors corrected before release
number of bugs found post release

Function oriented metrics:
Function-Oriented Metrics










Attempt to measure the functionality of a software system
Use a unit of measure called function point
Some possible function points:
Internal data structures
External data structures
User inputs
User outputs
Transformations
Transitions

Issues with Using Function-Oriented Metrics
 Requires that analysis and design of a project are completed before workload
estimation can occur
 Validity of the workload estimation is limited to the accuracy of the analysis and
design
 Complexity determination of function points is subjective

Measuring quality:
The measurement of Quality, whether Product or Process, requires the
collection and analysis of information, usually stated in terms of
measurements and metrics. Measurements are made primarily to gain
control of a project, and therefore be able to manage it. They are also used
to evaluate how close or far we are from the objectives set in the plan in
terms of completion, quality, compliance to requirements, etc.
Metrics are used to attain two goals, knowledge and change (or
achievement)
Knowledge goals: they are expressed by the use of verbs like
evaluate, predict, monitor. You want to better understand your development
process. For example, you may want to assess product quality, obtain data
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to predict testing effort, monitor test coverage, or track requirements
changes.
Change or achievement goals: these are expressed by the use of
verbs such as increase, reduce, improve, or achieve. You are usually
interested in seeing how things change or improve over time, from an
iteration to another, from a project to another.
Metrics for both goals are used for measuring Process and Product Quality.
All metrics require criteria to identify and to determine the
degree or level at which of acceptable quality is attained. The level of
acceptable quality is negotiable and variable, and needs to be determined
and agreed upon early in the development lifecycle. For example, in the
early iterations, a high number of application defects are acceptable, but not
architectural ones. In late iterations, only aesthetic defects are acceptable in
the application

Metrics for small organization:
Abstract:
Literature reports indicate that software companies with less than 50
employees may represent up to 85% of the software organizations in several
countries, including the United States. While the well-known process models may
not be ideal in a relatively small setting, there is good news. Some of the large
process models are being scaled down at the same time that new models are being
developed specifically for smaller software organizations. The best news is that
software process research metrics have been studied for years, and there are many
options available for metrics utilization, either within or outside of a process
improvement framework, regardless of the size of the setting.
This work explores the challenges and benefits of using software metrics
in small organizations, and outlines a practical framework, based on the
Goal/Question/Metric paradigm, for instituting metrics programs in small
organizations. This approach is motivated by industrial experiences reported in the
literature and contributes to improving software development practices.
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Establishing a software metrics program:
A software metric is a standard of measure of a degree to which a software
system or process possesses some property. Even if a metric is not a measurement
(metrics are functions, while measurements are the numbers obtained by the
application of metrics), often the two terms are used as synonyms. Since
quantitative measurements are essential in all sciences, there is a continuous effort
by computer science practitioners and theoreticians to bring similar approaches to
software development.
The goal is obtaining objective, reproducible and quantifiable
measurements, which may have numerous valuable applications in schedule and
budget planning, cost estimation, quality assurance testing, software debugging,
software performance optimization, and optimal personnel task assignments.

Software project planning:
The effective management of a software project greatly depends on
careful planning the progress of the project. The plan prepared at the start of a
project is considered an initial plan and it should be used as the driver for the entire
project. The initial plan should be the best possible plan given by the available
information. It evolves as the project progresses and more information becomes
available.
The subsection 11.2.1. discusses the structure of the software project
plan. In addition to the project plan managers have to prepare other types of plans
such as quality plan, maintenance plan, etc. The planning is an iterative process.
Effectively, the project plan can only be considered to be completed when the
project has finished. As more information becomes available during the project, the
project plan should be revised.
The planning process starts by defining constraints affecting the project
(required delivery time, availability of labour, the total budget, etc.). In conjunction
with this, project parameters such as its structure, size and project deliverables are
defined. The process then enters a loop. Milestones and project schedule are
defined and the scheduled activities are started. After a certain time the progress of
project is reviewed and the deviation from the planned schedule are noted.
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Project manager has to revise his assumptions related to project plan as more
information becomes available. If the project is delayed, project has to be
rescheduled and the project constraints and deliverables have to be negotiated with
the customer
The project plan

The project plan sets out the resources available to the project, the work
breakdown and a schedule for carrying out the work. Most project plans includes
the following sections:
1. Introduction. This summarizes the objectives of the project and sets out the
budget, time and other constraints.
2. Project organization. This defines the development team, its members and
the roles in the team.
3. Hardware and software resource requirements. This specifies the hardware
and the support software allocated to development activities.
4. Work breakdown. This sets out the breakdown of the project into activities
and identifies the milestones and deliverables associated with each activity.
5. Project schedule. Project schedule shows the dependencies between
activities, the estimated time required to complete activities and the
allocation of people to activities.
6. Risk analysis. This describes the possible project risks and the strategies to
manage them.
7. Monitoring and reporting mechanisms. This defines the management reports
that should be produced, when these should be produced and the project
monitoring mechanisms used.
Software project planning is task, which is performed before the production of
software actually starts. It is there for the software production but involves no
concrete activity that has any direction connection with software production; rather
it is a set of multiple processes, which facilitates software production. Project
planning may include the following:

Objectives:
A specific result that a person or system aims to achieve within a time
frame and with available resources.
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In general, objectives are more specific and easier to measure than goals.
Objectives are basic tools that underlie all planning and strategic activities. They
serve as the basis for creating policy and evaluating performance. Some examples
of business objectives include minimizing expenses, expanding internationally, or
making a profit.
Neutral (bias free), relating to, or based on verifiable evidence or facts
instead of on attitude, belief, or opinion. Opposite of subjective.
For further explanation, see Goals vs.

Use 'objective' in a Sentence
An important objective of personal financial planning is to ensure that
unnecessary expenses are eliminated and that necessary expenditures are dealt
with in a timely manner, so as not to generate late fees or other penalties.

Feasibility:
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 made to fulfill all
requirements of the user and if there is any possibility of software being no more
useful. It is found out, 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

Software project estimation:
Project Estimation:
For an effective management accurate estimation of various measures is a must. With correct
estimation managers can manage and control the project more efficiently and effectively.
Project estimation may involve the following:


Software size estimation :
Software size may be estimated either in terms of KLOC (Kilo Line of Code) or by
calculating number of function points in the software. Lines of code depend upon coding
practices and Function points vary according to the user or software requirement.
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Effort estimation :



The managers estimate efforts in terms of personnel requirement and man-hour
required to produce the software. For effort estimation software size should be known.
This can either be derived by managers’ experience, organization’s historical data or
software size can be converted into efforts by using some standard formulae.
Time estimation:



Once size and efforts are estimated, the time required to produce the software can be
estimated. Efforts required is segregated into sub categories as per the requirement
specifications and interdependency of various components of software. Software tasks
are divided into smaller tasks, activities or events by Work Breakthrough Structure
(WBS). The tasks are scheduled on day-to-day basis or in calendar months.
The sum of time required to complete all tasks in hours or days is the total time invested
to complete the project.
Cost estimation :



This might be considered as the most difficult of all because it depends on more
elements than any of the previous ones. For estimating project cost, it is required to
consider o

Size of software

o

Software quality

o

Hardware

o

Additional software or tools, licenses etc.

o

Skilled personnel with task-specific skills

o

Travel involved

o

Communication

o

Training and support

Empirical estimation model:
In this model, empirically derived formulas are used to predict data that are a
required part of the software project-planning step. The empirical data are derived
from a limited sample of projects.
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Resource models consist of one or more empirically derived equations. These
equations are used to predict effort (in person-month), project duration, or other
pertinent project data. There are four classes of resource models:
• Static single-variable models
• Static multivariable models
• Dynamic multivariable models
• Theoretical models
Static single-variable model has the following form
Resource = c1 X (estimated characteristics c2)
Where,
Resource could be effort, project duration, staff size, or lines of software
documentation.
c1 and c2 are constants derived from data of past projects.
Estimated characteristics is line of code, effort (if estimated), or other software
characteristics.
The basic version of the Constructive Cost Model, or COCOMO, presented in the
next section is an example of a static-variable model.
Static multivariable models also use historical data to derive empirical
relationships. A typical model of this category takes the form
Resource = c11e1 + c12e2+ .................
Where ei is the ith software characteristics and ci1,ci2 are empirically derived
constants for the ith characteristics.
In dynamic multivariable models, resource requirements are projected as a
function of time. If the model is derived empirically, resources are defined in a
series of time steps that allocate some percentage of effort (or other resource) to
each step in the software engineering process. Further, each step may be divided
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into tasks. A theoretical approach to dynamic multivariable modeling hypothesizes
a continuous "resource expenditure curve" and from it, derives equations that
model behavior of the resource

The structure of estimation model:
Structural estimation is a technique for estimating deep "structural" parameters
of theoretical economic models. The term is inherited from the simultaneous
equations model. In this sense, "structural estimation" is contrasted with "reducedform estimation," which is the statistical relationship between observed variables.
The difference between a structural parameter and a reduced-form parameter
was formalized in the work of the Cowles Foundation. A structural parameter is also
said to be "policy invariant" whereas the value of reduced-form parameter can
depend on exogenously determined parameters set by public policy makers. The
distinction
between
structural
and
reduced-form
estimation
within
"microeconometrics" is related
macroeconomic policy predictions.

to

the

Lucas

critique

of

reduced-form

The original distinction between structure and reduced-form was between the
underlying system and the direct relationship between observables implied by the
system. Different combinations of structural parameters can imply the same
reduced-form parameters, so structural estimation must go beyond the direct
relationship between variables.
Many economists now use the term "reduced form" to mean statistical
estimation without reference to a specific economic model. For example, a
regression is often called a reduced-form equation even when no standard
economic model would generate it as the reduced form relationship between
variables.
These conflicting distinctions between structural and reduced form estimation
arose from the increasing complexity of economic theory since the formalization of
simultaneous equations estimation. A structural model often involves sequential
decisions making under uncertainty or strategic environments where beliefs about
other agents' actions matter. Parameters of such models are estimated not with
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regression analysis but non-linear techniques such as generalized method of
moments, maximum likelihood, and indirect inference. The reduced-form of such
models may result in a regression relationship but often only for special or trivial
cases of the structural parameters.
Structural estimation is used by economists, econometricians, and statisticians.

COCOMO model:
The Constructive Cost Model (COCOMO) is a procedural software cost estimation
model developed by Barry W. Boehm. The model parameters are derived from
fitting a regression formula using data from historical projects

Basic COCOMO
Basic COCOMO compute software development effort (and cost) as a
function of program size. Program size is expressed in estimated thousands of
source lines of code (SLOC, KLOC).

COCOMO applies to three classes of software projects:




Organic projects - "small" teams with "good" experience working with "less
than rigid" requirements
Semi-detached projects - "medium" teams with mixed experience working
with a mix of rigid and less than rigid requirements
Embedded projects - developed within a set of "tight" constraints. It is also
combination of organic and semi-detached projects.(hardware, software,
operational, ...)

The basic COCOMO equations take the form
Effort Applied (E) = ab(KLOC)bb [ man-months ]
Development Time (D) = cb(Effort Applied)db [months]
People required (P) = Effort Applied / Development Time [count]
where, KLOC is the estimated number of delivered lines (expressed in thousands )
of code for project. The coefficients ab, bb, cb and db are given in the following
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table (note: the values listed below are from the original analysis, with a modern
reanalysis[4] producing different values):
Software project ab bb cb db
Organic

2.4 1.05 2.5 0.38

Semi-detached

3.0 1.12 2.5 0.35

Embedded

3.6 1.20 2.5 0.32

Basic COCOMO is good for quick estimate of software costs. However it does not
account for differences in hardware constraints, personnel quality and experience,
use of modern tools and techniques, and so on.

Software risks:
In software testing Risks are the possible problems that might
endanger the objectives of the project stakeholders. It is the possibility of a
negative or undesirable outcome. A risk is something that has not happened yet
and it may never happen; it is a potential problem.
In the future, a risk has some probability between 0% and 100%; it is a possibility,
not a certainty.
The chance of a risk becoming an outcome is dependent on the level of risk
associated with its possible negative consequences.
For example, most people are expected to catch a cold in the course of their lives,
usually more than once. But the healthy individual suffers no serious
consequences. Therefore, the overall level of risk associated with colds is low for
this person. In other hand the risk of a cold for an elderly person with breathing
difficulties would be high. So, in his case the overall level of risk associated with
cold is high.
We can classify risks into following categories:
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1. Product risk (factors relating to what is produced by the work, i.e. the thing
we are testing).
2. Project risk (factors relating to the way the work is carried out, i.e. the test
project)

Software quality assurance:
Quality assurance is the process of defining how software quality can be
achieved and how the development organization knows that the software has the
required level of quality. The main activity of the quality assurance process is the
selection and definition of standards that are applied to the software development
process or software product. There are two main types of standards. The product
standards are applied to the software product, i.e. output of the software process.
The process standards define the processes that should be followed during software
development. The software standards are based on best practices and they provide
a framework for implementing the quality assurance process.
The development of software engineering project standards is a difficult and
time consuming process. National and international bodies such as ANSI and the
IEEE develop standards that can be applied to software development projects.
Organizational standards, developed by quality assurance teams, should be based
on these national and international standards. Table 12.1. shows examples of
product and process standards.

Software testing technique:
Test Design Techniques. They are:
1. Static Techniques
2. Dynamic Techniques
Below is the tree structure of the testing techniques:
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Static testing is the testing of the software work products manually, or with a set
of tools, but they are not executed.


It starts early in the Life cycle and so it is done during the verification
process.
It does not need computer as the testing of program is done without
executing the program. For example: reviewing, walk through, inspection,
etc.
Most static testing techniques can be used to ‘test’ any form of document
including source code, design documents and models, functional
specifications and requirement specifications.





Dynamic testing:





This testing technique needs computer for testing.
It is done during Validation process.
The software is tested by executing it on computer.
Example of this Dynamic Testing Technique: Unit testing, integration
testing, system testing.
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Testing principles:
Software testing is an extremely creative and intellectually challenging
task. When testing follows the principles given below, the creative element of test
design and execution rivals any of the preceding software development steps.

1. Testing shows the presence of bugs
Testing an application can only reveal that one or more defects exist in the
application, however, testing alone cannot prove that the application is error free.
Therefore, it is important to design test cases which find as many defects as
possible.

2. Exhaustive testing is impossible
Unless the application under test (AUT) has a very simple logical structure and
limited input, it is not possible to test all possible combinations of data and
scenarios. For this reason, risk and priorities are used to concentrate on the most
important aspects to test.

3. Early testing
The sooner we start the testing activities the better we can utilize the available
time. As soon as the initial products, such the requirement or design documents are
available, we can start testing. It is common for the testing phase to get squeezed
at the end of the development lifecycle, i.e. when development has finished, so by
starting testing early, we can prepare testing for each level of the development
lifecycle.
Another important point about early testing is that when defects are found earlier in
the lifecycle, they are much easier and cheaper to fix. It is much cheaper to change
an incorrect requirement than having to change a functionality in a large system
that is not working as requested or as designed!

4. Defect clustering
During testing, it can be observed that most of the reported defects are related to
small number of modules within a system. i.e. small number of modules contain
most of the defects in the system. This is the application of the Pareto Principle to
software testing: approximately 80% of the problems are found in 20% of the
modules.
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5. The pesticide paradox
If you keep running the same set of tests over and over again, chances are no
more new defects will be discovered by those test cases. Because as the system
evolves, many of the previously reported defects will have been fixed and the old
test cases do not apply anymore. Anytime a fault is fixed or a new functionality
added, we need to do regression testing to make sure the new changed software
has not broken any other part of the software. However, those regression test
cases also need to change to reflect the changes made in the software to be
applicable and hopefully fine new defects.

6. Testing is context dependent
Different methodologies, techniques and types of testing is related to the type and
nature of the application. For example, a software application in a medical device
needs more testing than a games software. More importantly a medical device
software requires risk based testing, be compliant with medical industry regulators
and possibly specific test design techniques. By the same token, a very popular
website, needs to go through rigorous performance testing as well as functionality
testing to make sure the performance is not affected by the load on the servers.

7. Absence of errors fallacy
Just because testing didn’t find any defects in the software, it doesn’t mean that the
software is ready to be shipped. Were the executed tests really designed to catch
the most defects? or where they designed to see if the software matched the user’s
requirements? There are many other factors to be considered before making a
decision to ship the software.

Testability:
Testability, a property applying to an empirical hypothesis, involves two
components:
1. The logical property that is variously described as contingency, defeasibility,
or falsifiability, which means that counterexamples to the hypothesis are
logically possible.
2. The practical feasibility of observing a reproducible series of such
counterexamples if they do exist.

J. JAGADEESAN, ASST. PROFESSOR OF COMPUTER SCIENCE, AAGASC, KARAIKAL-609 605. (cs.aagasc.edu.in)

In short, a hypothesis is testable if there is some real hope of deciding whether it is
true or false of real experience. Upon this property of its constituent hypotheses
rests the ability to decide whether a theory can be supported or falsified by the data
of actual experience. If hypotheses are tested, initial results may also be labeled
inconclusive.

Test case design:
1. Deriving test cases directly from a requirement specification or black box test design

technique. The Techniques include:


Boundary Value Analysis (BVA)



Equivalence Partitioning (EP)



Decision Table Testing



State Transition Diagrams



Use Case Testing

2. Deriving test cases directly from the structure of a component or system:


Statement Coverage



Branch Coverage



Path Coverage



LCSAJ Testing

3. Deriving test cases based on tester's experience on similar systems or testers intuition:


Error Guessing



Exploratory Testing
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White box testing:
White-box testing is the detailed investigation of internal logic and structure of the
code. White-box testing is also called glass testing or open-box testing. In order to
perform white-box testing on an application, a tester needs to know the internal workings
of the code.
The tester needs to have a look inside the source code and find out which unit/chunk of
the code is behaving inappropriately.
The following table lists the advantages and disadvantages of white-box testing.
Advantages


As the tester has knowledge of the source

Disadvantages


Due to the fact that a skilled tester is needed

code, it becomes very easy to find out which

to perform white-box testing, the costs are

type of data can help in testing the

increased.

application effectively.



Sometimes it is impossible to look into



It helps in optimizing the code.

every nook and corner to find out hidden



Extra lines of code can be removed which

errors that may create problems, as many

can bring in hidden defects.

paths will go untested.



Due to the tester's knowledge about the



It is difficult to maintain white-box testing,

code, maximum coverage is attained during

as it requires specialized tools like code

test scenario writing.

analyzers and debugging tools.

Basic path testing:
Basis path testing, a structured testing or white box testing technique
used for designing test cases intended to examine all possible paths of execution at
least once. Creating and executing tests for all possible paths results in 100%
statement coverage and 100% branch coverage.
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Control structure testing:
Control structure testing is a group of white-box testing methods.





1.0 Branch Testing
1.1 Condition Testing
1.2 Data Flow Testing
1.3 Loop Testing

1.0 Branch Testing

















also called Decision Testing
definition: "For every decision, each branch needs to be executed at least once."
shortcoming - ignores implicit paths that result from compound conditionals.
Treats a compound conditional as a single statement. (We count each branch taken out of
the decision, regardless which condition lead to the branch.)
This example has two branches to be executed
IF ( a equals b) THEN
statement 1
ELSE
statement 2
END IF
This examples also has just two branches to be executed, despite the compound
conditional:
IF ( a equals b AND c less than d ) THEN
statement 1
ELSE
statement 2
END IF
This example has four branches to be executed:
IF ( a equals b) THEN
statement 1
ELSE
IF ( c equals d) THEN
statement 2
ELSE
statement 3
END IF
END IF
Obvious decision statements are if, for, while, switch.
Subtle decisions are return boolean expression, ternary expressions, try-catch.
For this course you don't need to write test cases for IOException and OutOfMemory
exception.
See this problem and solution.
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1.1 Condition Testing
Condition testing is a test construction method that focuses on exercising the logical conditions
in a program module.
Errors in conditions can be due to:






Boolean operator error
Boolean variable error
Boolean parenthesis error
Relational operator error
Arithmetic expression error

definition: "For a compound condition C, the true and false branches of C and every simple
condition in C need to be executed at least once."

Multiple-condition testing requires that all true-false combinations of simple conditions be
exercised at least once. Therefore, all statements, branches, and conditions are necessarily
covered.
1.2 Data Flow Testing
Selects test paths according to the location of definitions and use of variables. This is a
somewhat sophisticated technique and is not practical for extensive use. Its use should be
targeted to modules with nested if and loop statements.
1.3 Loop Testing
Loops are fundamental to many algorithms and need thorough testing.
There are four different classes of loops: simple, concatenated, nested, and unstructured.
Examples:
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Create a set of tests that force the following situations:








Simple Loops, where n is the maximum number of allowable passes through the loop.
o Skip loop entirely
o Only one pass through loop
o Two passes through loop
o m passes through loop where m<n.
o (n-1), n, and (n+1) passes through the loop.
Nested Loops
o Start with inner loop. Set all other loops to minimum values.
o Conduct simple loop testing on inner loop.
o Work outwards
o Continue until all loops tested.
Concatenated Loops
o If independent loops, use simple loop testing.
o If dependent, treat as nested loops.
Unstructured loops
o Don't test - redesign

Block box testing:
The technique of testing without having any knowledge of the interior workings of the
application is called black-box testing. The tester is oblivious to the system architecture and
does not have access to the source code. Typically, while performing a black-box test, a tester
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will interact with the system's user interface by providing inputs and examining outputs without
knowing how and where the inputs are worked upon.
The following table lists the advantages and disadvantages of black-box testing.

Advantages


Well suited and efficient for large code

Disadvantages


Limited coverage, since only a selected

segments.

number of test scenarios is actually



Code access is not required.

performed.



Clearly separates user's perspective from the





Inefficient testing, due to the fact that the

developer's perspective through visibly

tester only has limited knowledge about an

defined roles.

application.

Large numbers of moderately skilled testers



Blind coverage, since the tester cannot

can test the application with no knowledge

target specific code segments or error-prone

of implementation, programming language,

areas.

or operating systems.



The test cases are difficult to design

Software testing strategies :
A version of the failure model, called a logarithmic Poisson execution-time
model, takes the form
f(t) = (1/p) ln [l0 pt + 1]
Where
f(t) = cumulative number of failures that are expected to occur once the software has
been tested for a certain amount of execution time, t,
l0 = the initial software failure intensity (failures per time unit) at the begining of
testing,
p = the exponential reduction in failure intensity as errors are uncovered and repairs
are made.
The instantaneous failure intensity, l(t) can be derived by taking the derivative of
l(t)=l0 /(l0 pt+1)
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Verification &validation
Verification: "Are we building the product right?"
Validation: "Are we building the right product?"
Verification and validation encompasses a wide array of SQA activities that include
formal
technical reviews, quality and configuration audits, performance monitoring,
simulation,
feasibility study, documentation review, database review, algorithm analysis,
development testing, qualification testing, and installation testing [WAL89].
Although testing plays an extremely important role in V&V, many other activities are
also necessary.
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Organizing for Software Testing
From a psychological point of view, software analysis and design (along with
coding) are constructive tasks. The software engineer creates a computer program, its
documentation, and related data structures.
Like any builder, the software engineer is proud of the edifice that has been
built and looks askance at anyone who attempts to tear it down.
When testing commences, there is a subtle, yet definite, attempt to "break" the
thing that the software engineer has built.
From the point of view of the builder, testing can be considered to be (psych
ologically) destructive.
So the builder treads lightly, designing and executing tests that will
demonstrate that the program works, rather than uncovering errors.
Unfortunately, errors will be present. And, if the software engineer doesn't
find them, the customer will!

preceding discussion:


That the developer of software should do no testing at all,



That the software should be "tossed over the wall" to strangers who will
test it mercilessly,



That testers get involved with the project only when the testing steps
are about to begin. Each of these statements is incorrect.

The role of an independent test group (ITG) is to remove the inherent
problems associated with letting the builder test the thing that has been built.
Independent testing removes the conflict of interest that may
otherwise be present.
After all, personnel in the independent group team are paid to find errors.
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A strategic approach to software testing:
A number of software testing strategies have been proposed in the literature.
All provide the software developer with a template for testing and all have the following generic characteristics:


Testing begins at the component level2 and works "outward" toward the
integration of the entire computer-based system.



Different testing techniques are appropriate at different points in time.



Testing is conducted by the developer of the software and (for large projects)
an independent test group.



Testing and debugging are different activities, but debugging must be
accommodated
in any testing strategy.

Verification and validation:
Software Validation
Software validation or, more generally, verification and validation (V & V) is
intended to show that a system conforms to its specification and that the system
meets the expectations of the customer buying the system. It involves checking the
processes at each stage of the software process. The majority of validation costs
are incurred after implementation when the operation of system is tested.
The software is tested in the usual three-stage testing process. The system
components, the integrated system and finally the entire system are tested.
Component defects are generally discovered early in the process and the interface
problems during the system integration. The stages in the testing process are:
1. Component (or unit) testing. Individual components are tested to ensure that
they operate correctly. Each component is tested independently, without
other system components.
2. System testing. The components are integrated to make up the system. This
testing process is concerned with finding errors that result from interactions
between components and component interface problems. It is also concerned
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with validating that the system meets its functional and non-functional
requirements.
3. Acceptance testing. It is considered a functional testing of system. The
system is tested with data supplied by the system customer.
Usually, component development and testing are interleaved. Programmers make
up their own test data and test the code as it is developed. However in many
process model, such as in V-model, Test Driven Development, Extreme
Programming, etc., the design of the test cases starts before the implementation
phase of development. If an incremental approach to development is used, each
increment should be tested as it is developed, with these tests based on the
requirements for that increment
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.


Validation ensures the product under development is as per the user
requirements.



Validation answers the question – "Are we developing the product
which attempts all that user needs from this software ?".



Validation emphasizes on user requirements.

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


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



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



Verifications concentrates on the design and system specifications.

Target of the test are -
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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.



Fault - When error exists fault occurs. A fault, also known as a bug, is a result
of an error which can cause system to fail.



Failure - failure is said to be the inability of the system to perform the desired
task. Failure occurs when fault exists in the system.

UNIT testing:
Unit testing tests the individual components in the system. It is a defect
testing process so its purpose is to locate faults in these components. In most cases,
the developers of components are responsible for component testing. The
components may be tested at unit testing are the followings:
1. Object classes, functions or methods within an object.
2. Composite components that are consist of several different objects or
functions. The composite components have a defined interface that can be
used to access their functionality.
Functions or methods are tested by a set of calls to these routines with different
input parameters. In the case of testing object classes the tests have to cover all of
the features of the object. Object class testing includes the following tests:
1. The testing all operations associated with the object
2. The testing adjustability of all attributes associated with the object
3. The testing all possible states of the object. This means that all events that
cause a state change in the object have to be simulated.
In the case of inheritance the tests of object classes are more difficult. Where a
superclass provides operations that are inherited by a number of subclasses, all of
these subclasses should be tested with all inherited operations.
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Integration testing:
Integration Testing

The process of system integration involves building a system from its
components and testing the resultant system for problems that arise from
component interactions. Integration testing checks how these components work
together across their interfaces.
System integration integrates clusters of components that deliver some
system functionality and integrating these by adding code that makes them work
together. Sometimes, the overall skeleton of the system is developed first, and
components are added to it. This is called top-down integration. Alternatively, the
infrastructure components are integrated first providing common services, such as
network and database access, and functional components added after. This is
bottom-up integration.
In order to locate errors easier an incremental approach to the system
integration and testing is suggested. Initially, a minimal system .configuration
should be integrated and tested. Then the new components are added to this
minimal configuration and tested after each added increment. If any problem arises
in these tests, this probably means that they are due to interactions with the new
component.
Before the process of integration, it is necessary to decide the order of
integration of components. Usually, system integration is driven by customer
priorities. When the customer is not involved in the developments, the components
that have the most frequently used functionality are integrated first. Integrating and
testing a new component can change the already tested component interactions.
Errors may occur that were not exposed in the tests of the simpler configuration.
This means that when a new increment is integrated, it is important to rerun the
tests for previous increments as well. Rerunning an existing set of tests is called
regression 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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Software may need to be integrated with the libraries, databases and other
program(s). This stage of SDLC is involved in the integration of software with
outer world entities.

Validation testing:
The process of evaluating software during the development process or at the end of the
development process to determine whether it satisfies specified business requirements.
Validation Testing ensures that the product actually meets the client's needs. It can also be
defined as to demonstrate that the product fulfills its intended use when deployed on
appropriate environment.

Validation Testing - Workflow:
Validation testing can be best demonstrated using V-Model. The Software/product under
test is evaluated during this type of testing.

System testing:
The software is compiled as product and then it is tested as a whole. This can be
accomplished using one or more of the following tests:


Functionality testing - Tests all functionalities of the software against the
requirement.



Performance testing - This test proves how efficient the software is. It tests
the effectiveness and average time taken by the software to do desired task.
Performance testing is done by means of load testing and stress testing where
the software is put under high user and data load under various environment
conditions.



Security & Portability - These tests are done when the software is meant to
work on various platforms and accessed by number of persons.
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The Art of debugging:
The Art of Debugging illustrates the use three of the most popular
debugging tools on Linux/Unix platforms: GDB, DDD, and Eclipse. The textcommand based GDB (the GNU Project Debugger) is included with most
distributions. DDD is a popular GUI front end for GDB, while Eclipse provides a
complete integrated development environment.
In addition to offering specific advice for debugging with each tool, authors Norm
Matloff and Pete Salzman cover general strategies for improving the process of
finding and fixing coding errors, including how to:


Inspect variables and data structures



Understand segmentation faults and core dumps



Know why your program crashes or throws exceptions



Use features like catchpoints, convenience variables, and artificial arrays



Avoid common debugging pitfalls

Real world examples of coding errors help to clarify the authors’ guiding
principles, and coverage of complex topics like thread, client-server, GUI, and
parallel programming debugging will make you even more proficient. You'll also
learn how to prevent errors in the first place with text editors, compilers, error
reporting, and static code checkers.
Whether you dread the thought of debugging your programs or simply want
to improve your current debugging efforts, you'll find a valuable ally in The Art of
Debugging.
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