
  
 

 

  



  
 

 

SOFTWARE ENGINEERING 
 
 
Software engineering is an engineering approach for software development. We 

can alternatively view it as a systematic collection of past experience. The 

experience is arranged in the form of methodologies and guidelines. A small 

program can be written without using software engineering principles. But if one 

wants to develop a large software product, then software engineering principles 

are indispensable to achieve a good quality software cost effectively.  
 
Program vs Software Product 

 

Programs are developed by 

individuals for their personal 

use. They are therefore, small in 

size.  

In case of a program, a single 

developer is involved.  

The user interface may not be 

very important, because the 

programmer is the sole user.  

In case of program very little 

documentation is expected.  

A program can be developed 

according to the programmer’s 

individual style. 

Software products are 

extremely large; most users are 

not involved with the 

development.  

 

A large number of developers 

are involved.  

For a software product, user 

interface must be carefully 

designed and implemented  

Software product must be well 

documented.  

Software Product must be 

developed using the accepted 

software engineering principles 

. 
 
 
 
 

 
 



  
 

Software Development Life Cycle (SDLC) Models 
 
 
A software life cycle model (also called process model) is a descriptive and 
diagrammatic representation of the software life cycle. 
 

A life cycle model represents all the activities required to make a software 

product transit through its life cycle phases. It also captures the order in which 

these activities are to be undertaken. In other words, a life cycle model maps the 

different activities performed on a software product from its inception to 

retirement. During any life cycle phase, more than one activity may also be carried 

out. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A few important and commonly used life cycle models are as follows: 
 

 Classical Waterfall Model   
 Iterative Waterfall Model   
 Prototyping Model   
 Evolutionary Model   
 Spiral Model  

 

 
Classical waterfall Model 
 
The classical waterfall model is intuitively the most obvious way to develop 



  
 

software. This model can be considered to be a theoretical way of developing 

software. But all other life cycle models are essentially derived from the classical 

waterfall model. 

 
Classical waterfall model divides the life cycle into the following phases as shown 
in fig.2.1: 
 

o Feasibility Study   

o Requirements Analysis and Specification ƒ Design   

o Coding and Unit Testing  
 

o Integration and System Testing  
 

o Maintenance  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



  
                      
  

                                                                                                                                                     

Feasibility Study - The main aim of feasibility study is to determine whether it 

would be financially and technically feasible to develop the product. 
 
i) At first project managers or team leaders try to have a rough understanding of 

what is required to be done by visiting the client side. They study different input 

data to the system and output data to be produced by the system.  
 
ii) After they have an overall understanding of the problem they investigate the 

different solutions that are possible.  
 
iii) Based on this analysis they pick the best solution and determine whether the 

solution is feasible financially and technically. They check whether the 

customer budget would meet the cost of the product and whether they have 

sufficient technical expertise in the area of development.  

 
Analysis and Specification -The aim of the requirements analysis and 
specification phase is to understand the exact requirements of the customer and to 
document them properly.  

This phase consists of two distinct activities, namely 
o Requirements gathering and analysis, and  

 

o Requirements specification  

 
The goal of the requirements gathering activity is to collect all relevant 

information from the customer regarding the product to be developed. This is done 

to clearly understand the customer requirements so that incompleteness and 

inconsistencies are removed. 
 

The requirements analysis activity is begun by collecting all relevant data 
regarding the product to be developed from the users of the product and from the 
customer through interviews and discussions. 
 

After all ambiguities, inconsistencies, and incompleteness have been resolved 

and all the requirements properly understood, the requirements specification activity 

can start. During this activity, the user requirements are systematically organized into 

a Software Requirements Specification (SRS) document. 

 
Design- The goal of the design phase is to transform the requirements specified in 

the SRS document into a structure that is suitable for implementation in some 
programming language. 
Two distinctly different approaches are available: the traditional design approach and 
the object-oriented design approach.                      



  
                      
  

                                                                                                                                                     

i) Traditional design approach   
Traditional design consists of two different activities; first a structured analysis of the 

requirements specification is carried out where the detailed structure of the problem 

is examined. This is followed by a Structured design activity. During structured design, 

the results of structured analysis are transformed into the software design. 
 

 
ii) Object-oriented design approach  

In this technique, various objects that occur in the problem domain and the solution 

domain are first identified, and the different relationships that exist among these 

objects are identified. The object structure is further refined to obtain the detailed 

design. 

 
 
Coding and Unit Testing: - 
 

The purpose of the coding and unit testing phase (sometimes called the 

implementation phase) of software development is to translate the software design 

into source code. Each component of the design is implemented as a program 

module. The end-product of this phase is a set of program modules that have been 

individually tested. 
 

During this phase, each module is unit tested to determine the correct working 

of all the individual modules. It involves testing each module in isolation as this is the 

most efficient way to debug the errors identified at this stage. 

 
 
Integration and System Testing: - 
 

Integration of different modules is undertaken once they have been coded and 

unit tested. During the integration and system testing phase, the modules are 

integrated in a planned manner. The different modules making up a software 

product are almost never integrated in one shot. Integration is normally carried out 

incrementally over a number of steps. Finally, when all the modules have been 

successfully integrated and tested, system testing is carried out. The goal of system 

testing is to ensure that the developed system conforms to its requirements laid out 

in the SRS document. 

 
 
 



  
                      
  

                                                                                                                                                     

 
System testing usually consists of three different kinds of testing activities 

 α – testing: It is the system testing performed by the development team.   
 β – testing: It is the system testing performed by a friendly set of 

customers.   
 Acceptance testing: It is the system testing performed by the customer 

himself after the product delivery to determine whether to accept or reject 
the delivered product.   

Maintenance: - 
 

Maintenance of a typical software product requires much more than the effort 

necessary to develop the product itself. Many studies carried out in the past confirm 

this and indicate that the relative effort of development of a typical software product 

to its maintenance effort is roughly in the 40:60 ratio.  
Maintenance involves performing any one or more of the following three kinds of 
activities: 

 
i) Correcting errors that were not discovered during the product development 

phase. This is called corrective maintenance.  

 
ii) Improving the implementation of the system, and enhancing the functionalities 

of the system according to the customer’s requirements. This is called 
perfective maintenance.  

 
iii) Porting the software to work in a new environment. For example porting may 

be required to get the software to work on a new computer platform or with a 

new operating system. This is called adaptive maintenance.  
 
 
Shortcomings of the classical waterfall model:  

 Error of any phase is detected at the end of the entire lifecycle.   
 It does not allow for very much Iteration.  

 
 Hard dates on phases. The dates set for completing Analysis and Design are 

major milestones that developers are measured against  
 
 

 
 

 
 



  
                      
  

                                                                                                                                                     

Iterative Model 
 
 
Iterative development is the heart of a cyclic  software development process 

developed in response to the weaknesses of the  waterfall model. It starts with an 

initial planning and ends with deployment with the cyclic interactions in between i.e. 

it provides feedback paths from every phase to its preceding phases. The feedback 

paths allow for correction of the errors committed during a phase. The rest of the 

phases of development are same as classical water fall model. The model is pictorially 

shown in fig 2.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Shortcomings: 

i) It cannot effectively handle the different types of risks that are in real life 
software project.  

 
ii) Once a developer completes his work, he idles waiting the phase to get over. 

i.e. wastage of time due to waiting for the job.  
 
 
 
 

Prototyping Model 
 
Prototype 
 

A prototype is a toy implementation of the system. A prototype usually exhibits 

limited functional capabilities, low reliability, and inefficient performance compared 

to the actual software. A prototype is usually built using several shortcuts. A 

prototype usually turns out to be a very crude version of the actual system. 

 

http://en.wikipedia.org/wiki/Software_development_process
http://en.wikipedia.org/wiki/Waterfall_model


  
                      
  

                                                                                                                                                     

Need for a prototype in software development 
 

There are several uses of a prototype. An important purpose is to illustrate the 

input data formats, messages, reports, and the interactive dialogues to the customer. 

This is a valuable mechanism for gaining better understanding of the customer’s 

needs i.e.  
•How the screens might look like   
•How the user interface would behave   
•How the system would produce outputs  

 
This is something similar to what the architectural designers of a building do; they 

show a prototype of the building to their customer. The customer can evaluate 

whether he likes it or not. A similar thing happens in the case of a software product 

and its prototyping model. 
 

Another reason for developing a prototype is that it is impossible to get the 

perfect product in the first attempt. The experience gained in developing the 

prototype can be used to develop the final product. A prototyping model can be used 

when technical solutions are unclear to the development team. 

 
Where to use Prototype Model  
A prototype of the actual product is preferred in situations such as:  

• User requirements are not complete   
• Technical issues are not clear  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Evolutionary Model 
 



  
                      
  

                                                                                                                                                     

This life cycle model is also referred to as the successive versions model and 

sometimes as the incremental model. In this lifecycle model the software is first 

broken down into several modules which can be incrementally constructed and 

delivered. The development team first develops the core modules of the system. Each 

evolutionary version may be developed using an iterative waterfall model of 

development. 

 
C 

B 
A B  

A 
A 

  

The spiral modelThe spiral model combines the idea of iterative development 

with the systematic, controlled aspects of the waterfall model. 

Spiral model is a combination of iterative development process model and sequential 
linear development model i.e. waterfall model with very high emphasis on risk 
analysis. 

It allows for incremental releases of the product, or incremental refinement through 
each iteration around the spiral.  

Based on the customer evaluation, software development process enters into the 
next iteration and subsequently follows the linear approach to implement the 
feedback suggested by the customer. The process of iterations along the spiral 
continues throughout the life of the software. 

 
 
 
 
 
 
 
 
 
 
 
Comparison of different life-cycle models 
 



  
                      
  

                                                                                                                                                     

 
The classical waterfall model can be considered as the basic model and all other 

life cycle models as embellishments of this model. However, the classical waterfall 

model can not be used in practical development projects, since this model supports 

no mechanism to handle the errors committed during any of the phases. 

 
This problem is overcome in the iterative waterfall model. The iterative 

waterfall model is probably the most widely used software development model 

evolved so far. This model is simple to understand and use. However, this model is 

suitable only for well-understood problems; it is not suitable for very large projects 

and for projects that are subject to many risks. 

 
The prototyping model is suitable for projects for which either the user requirements 

or the underlying technical aspects are not well understood. This model is especially 

popular for development of the user-interface part of the projects. 

 
The evolutionary approach is suitable for large problems which can be 

decomposed into a set of modules for incremental development and delivery. This 

model is also widely used for object-oriented development projects. Of course, this 

model can only be used if the incremental delivery of the system is acceptable to the 

customer. 

 
The spiral model is called a meta model since it encompasses all other life cycle 

models. Risk handling is inherently built into this model. The spiral model is suitable 

for development of technically challenging software products that are prone to 

several kinds of risks. However, this model is much more complex than the other 

models – this is probably a factor deterring its use in ordinary projects. 

Cohesion 
 
Most researchers and engineers agree that a good software design implies clean 

decomposition of the problem into modules, and the neat arrangement of these 

modules in a hierarchy. The primary characteristics of neat module decomposition 

are high cohesion and low coupling. Cohesion is a measure of functional strength of 

a module. A module having high cohesion and low coupling is said to be functionally 

independent of other modules. By the term functional independence, we mean that 

a cohesive module performs a single task or function. A functionally independent 

module has minimal interaction with other modules. 

  
The different classes of cohesion that a module may possess are as follows 



  
                      
  

                                                                                                                                                     

 
 
 

 

Coupling 
 

Coupling between two modules is a measure of the degree of 

interdependence or interaction between the two modules. A module having high 

cohesion and low coupling is said to be functionally independent of other modules. If 

two modules interchange large amounts of data, then they are highly 

interdependent. The degree of coupling between two modules depends on their 

interface complexity. 
 
The interface complexity is basically determined by the number of types of 
parameters that are interchanged while invoking the functions of the module. 
 
Five types of coupling can occur between any two modules.  
 
 
 
 

 
 

 
Testing  
The aim of the testing process is to identify all defects existing in a software product. 
However, for most practical systems, even after satisfactorily carrying out the testing 
phase, it is not possible to guarantee that the software is error free. This is because 
of the fact that the input data domain of most software products is very large. It is 
not practical to test the software exhaustively with respect to each value that the 
input data may assume.  
 
Testing a program consists of providing the program with a set of test inputs (or test 
cases) and observing if the program behaves as expected. If the program fails to 
behave as expected, then the conditions under which failure occurs are noted for 
later debugging and correction. 

 
 
 
 
Approaches to Testing 



  
                      
  

                                                                                                                                                     

There are essentially two main approaches to systematically designing test cases. 
They are 

 Black-box Testing  

 White-box Testing   
 

Black Box Testing 

Also known as Behavioural Testing, is a software testing method in which the internal 
structure/ design/ implementation of the item being tested is not known to the 
tester. These tests can be functional or non-functional, though usually functional. 

 
 
 
 
 
 
 
 
 
 
White Box Testing  
Is also known as Clear Box Testing, Open Box Testing, Glass Box Testing, Transparent 
Box Testing, Code-Based Testing or Structural Testing. 
It is a software testing method in which the internal structure/ design/ 
implementation of the item being tested is known to the tester. 
This method is named so because the software program, in the eyes of the tester, is 
like a white/ transparent box; inside which one clearly sees. 

 

Gray Box Testing 
Is a software testing method which is a combination of Black Box Testing method and 
White Box Testing method. 

 

Unit testing 
Unit testing is undertaken after a module has been coded and successfully reviewed. 
Unit testing (or module testing) is the testing of different units (or modules) of a 
system in isolation. 
 
 
 
Software reliability  



  
                      
  

                                                                                                                                                     

Reliability of a software product essentially denotes its trustworthiness or 
dependability. Alternatively, reliability of a software product can also be defined as 
the probability of the product working “correctly” over a given period of time. 
 
Why software reliability is difficult to measure? 

 The reliability improvement due to fixing a single bug depends on where the 
bug is located in the code.  

 The perceived reliability of a software product is highly observer-dependent.   
 The reliability of a product keeps changing as errors are detected and fixed  

 
Classification of software failures 
 

A possible classification of failures of software products into five different types 
is as follows: 

 
 Transient. Transient failures occur only for certain input values while invoking 

a function of the system.  
 Permanent.   Permanent failures occur for all input values while invoking a 

function of the system.   
 Recoverable. When recoverable failures occur, the system recovers with or 

without operator intervention.  
 Unrecoverable. In unrecoverable failures, the system may need to be 

restarted.   
 Cosmetic. These classes of failures cause only minor irritations, and do not lead 

to incorrect results. An example of a cosmetic failure is the case where the 
mouse button has to be clicked twice instead of once to invoke a given function 
through the graphical user interface.  

 
 
CASE tool and its scope  

 
A CASE (Computer Aided Software Engineering) tool is a generic term used to 

denote any form of automated support for software engineering. In a more restrictive 
sense, a CASE tool means any tool used to automate some activity associated with 
software development. Many CASE tools are available.  

Some of these CASE tools assist in phase related tasks such as specification, 
structured analysis, design, coding, testing, etc.; and others to non-phase activities 
such as project management and configuration management. 
 
 
Why Use CASE tools? 
 



  
                      
  

                                                                                                                                                     

The primary reasons for using a CASE tool are: 
 

•To increase productivity   
•To help produce better quality software at lower cost  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Software Maintenance  
Software maintenance is becoming an important activity of a large number of 
software organizations. Software maintenance is needed to correct errors, enhance 
features, port the software to new platforms, etc. 
 
Types of software maintenance 
There are basically three types of software maintenance.  
 

 Corrective: Corrective maintenance of a software product is necessary to 
rectify the bugs observed while the system is in use.  

 
 Adaptive: A software product might need maintenance when the customers 

need the product to run on new platforms, on new operating systems, or when 
they need the product to interface with new hardware or software.  

 
 Perfective: A software product needs maintenance to support the new 

features that users want it to support, to change different functionalities of the 



  
                      
  

                                                                                                                                                     

system according to customer demands, or to enhance the performance of the 
system.  

 
Software reverse engineering  
Software reverse engineering is the process of recovering the design and the 
requirements specification of a product from an analysis of its code. The purpose of 
reverse engineering is to facilitate maintenance work by improving the understand 
ability of a system and to produce the necessary documents for a legacy system.  
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 


