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Objectives: 

In this lesson we will study the meaning of Software engineering, its history, role and 

importance and the Software life cycle. We will also study the relationship of Software 

Engineering to other areas of Computer science 

1.0 Introduction 

Software engineering is the field of computer science that deals with the building of 

software systems which are so large or so complex that they are built by a team or 

teams of engineers. Usually, these software systems exist in multiple versions and are 

used for many years. During their lifetime, they undergo many changes-to fix defects, 

to enhance existing features, to add new features, to remove old features, or to be 

adapted to run in a new environment. 

Software engineering is the application of principles used in the field of engineering 

which usually deals with physical systems, to the design, development, testing, 
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deployment and management of software systems. Parnas has defined software 

engineering as "multi-person construction of multi-version software." This 

definition captures the essence of software engineering and highlights the differences 

between programming and software engineering. A programmer writes a complete 

program, while a software engineer writes a software component that will be combined 

with components written by other software engineers to build a system. The 

component one writes may be modified by others; it may be used by others to build 

different versions of the system long after one has left the project. Programming is 

primarily a personal activity, while software engineering is essentially a team activity.  

Software Engineering is the use of techniques, methods and methodologies to 

develop high quality software which is  

 Reliable 

 Easy to understand 

 Useful 

 Modular 

 Efficient 

 Modifiable 

 Reusable 

 Good user interface 

 Well documented 

 Delivered in cost effective and timely manner 

Software engineering has made progress since the 1960s. There are standard 

techniques that are used in the field. But the field is still far from achieving the status 

of a classic engineering discipline. Many areas remain in the field that are still being 

taught and practiced on the basis of informal techniques. There are no generally 

accepted methods even for specifying what a software system should do. In designing 

an electrical engineering system, such as an amplifier, the system is specified precisely. 

All parameters and tolerance levels are stated clearly and are understood by the 

customer and the engineer. In software engineering, we are just beginning to define 

both what such parameters ought to be for a software system and-an apparently much 

harder task-how to specify them. 

Furthermore, in classic engineering disciplines, the engineer is equipped with tools and 

the mathematical maturity to specify the properties of the product separately from 

those of the design. For example, an electrical engineer relies on mathematical 

equations to verify that a design will not violate power requirements. In software 

engineering, such mathematical tools are not well developed. The typical software 

engineer relies much more on experience and judgment rather than mathematical 

techniques. While experience and judgment are necessary, formal analysis tools are 

also essential in the practice of engineering. 
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2.0  Software engineering goals  

Stated requirements even for small systems are frequently incomplete when 

they are originally specified. Besides accomplishing these stated requirements, a good 

software system must be able to easily support changes to these requirements over the 

system's life. Thus, a major goal of software engineering is to be able to deal with the 

effects of these changes. The most often cited software engineering goals are:  

a.  Maintainability :It should be possible to easily introduce changes to the 

software without increasing the complexity of the original system design.  

b.  Reliability : The software should prevent failure in design and construction as 

well as recover from failure in operation. Put another way, the software should 

perform its intended function with the required precision at all times.  

c.  Efficiency :The software system should use the resources that are available in 

an optimal manner.  

d.  Understandability : The software should accurately model the view the reader 

has of the real world. Since code in a large, long-lived software system is usually 

read more times than it is written, it should be easy to read at the expense of 

being easy to write, and not the other way around.  

3.0  Software engineering principles  

In order to attain a software system that satisfies the above goals, sound 

engineering principles must be applied throughout development, from the design phase 

to final fielding of the system. These include:  

a.  Abstraction : "The essence of abstraction is to extract essential properties while 

omitting inessential detail." The software should be organized as a ladder of 

abstraction in which each level of abstraction is built from lower levels. The code 

is sufficiently conceptual so the user need not have a great deal of technical 

background in the subject. The reader should be able to easily follow the logical 

path of each of the various modules. The decomposition of the code should be 

clear.  

b.  Information Hiding : The code should contain no unnecessary detail. Elements 

that do not affect other portions of the system are inaccessible to the user, so 

that only the intended operations can be performed. There are no 

"undocumented features".  

c.  Modularity : The code is purposefully structured. Components of a given 

module are logically or functionally dependent.  

d.  Localization : The breakdown and decomposition of the code is rational. 

Logically related computational units are collected together in modules.  

e.  Uniformity : The notation and use of comments, specific keywords and 

formatting is consistent and free from unnecessary differences in other parts of 

the code.  
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f.  Completeness  : Nothing is blatantly missing from any module. All important or 

relevant components are present both in the modules and in the overall system 

as appropriate.  

g.  Confirmability : The modules of the program can be tested individually with 

adequate rigor. This gives rise to a more readily alterable system and enables 

the reusability of tested components. 

4.0  The Role of Software Engineering in System Design 

A software system is often a component of a much larger system. The software 

engineering activity is therefore a part of a much larger system design activity in which 

the requirements of the software are balanced against the requirements of other parts 

of the system being designed. For example, a telephone switching system consists of 

computers, telephone lines and cables, telephones, perhaps other hardware such as 

satellites, and finally, software to control the various other components. It is the 

combination of all these components that is expected to meet the requirements of the 

whole system. 

A requirement such as "the system must not be down for more than a second in 

20 years" or "when a receiver is taken off the hook, a dial tone is played within half a 

second" can be satisfied with a combination of hardware, software and special devices. 

The decision of how best to meet the requirement can only be made by considering 

many trade-offs. Power plant or traffic monitoring systems, banking systems and 

hospital administration systems are other examples of systems that exhibit the need to 

view the software as a component of a larger system. 

To do software engineering right, then, requires a broader look at the general 

problem of system engineering. It requires the software engineer to be involved when 

the requirements are being developed initially for the whole system. It requires that the 

software engineer attempt to understand the application area rather than just what 

abstract interfaces the software must meet. For example, if the system is aimed at 

users who are going to use primarily a menu system, it is not wise to develop a 

sophisticated word processor as a component of the system. 

Above all, any engineering discipline requires the application of compromise- A 

classic compromise concerns the choice of what should be done in software and what 

should be done in hardware. Software implementation offers flexibility, while hardware 

implementation offers performance. For example, a coin-operated machine that could 

be built either with several coin slots, one for each type of coin, or a single slot, leaving 

it to software to recognize the different coins- An even more basic compromise involves 

the decision as to what should be automated and what should be done manually. 

5.0  A History of Software Engineering 

The birth and evolution of software engineering as a discipline within computer 

science can be traced to the evolving and maturing view of the programming activity. In 

the early days of computing, the problem of programming was viewed essentially as 
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how to place a sequence of instructions together to get the computer to do something 

useful. The problems being programmed were quite well understood-for example, how 

to solve a differential equation. The program was written by, say, a physicist to solve an 

equation of interest to him or her. The problem was just between the user and the 

computer-no other person was involved. 

As computers became cheaper and more common, more and more people 

started using them. Higher level languages were invented in the late 1950s to make it 

easier to communicate with the machine. But still, the activity of getting the computer 

to do something useful was essentially done by one person who was writing a program 

for a well-defined task. 

It was at this time that "programming" attained the status of a profession: you 

could ask a programmer to write a program for you instead of doing it yourself- This 

introduced a separation between the user and the computer. Now the user had to 

specify the task in a form other than the precise programming notation used before. 

The programmer then interpreted this specification and translated it into a precise set 

of machine instructions. This, of course, sometimes resulted in the programmer 

misinterpreting the user's intentions, even in these usually small tasks. 

Very few large software projects were being done at this time-the early 1960s-

and these were done by computer pioneers who were experts. For example, the CTSS 

operating system developed at MIT was indeed a large project, but it was done by 

highly knowledgeable and motivated individuals. 

In the middle to late 1960s, truly large software systems were attempted 

commercially. The best documented of these projects was the OS 360 operating system 

for the IBM 360 computer family. The large projects were the source of the realization 

that building large software systems was materially different from building smaller 

systems. There were fundamental difficulties in scaling up the techniques of small 

program development to large software development. The term "software engineering" 

was invented around this time and conferences were held to discuss the difficulties 

these projects were facing in delivering the promised products. Large software projects 

were universally over budget and behind schedule. Another term invented at this time 

was "software crisis." 

It was discovered that the problems in building large software systems were not 

a matter of putting computer instructions together. Rather, the problems being solved 

were not well understood, at least not by everyone involved in the project or by any 

single individual. People on the project had to spend a lot of time communicating with 

each other rather than writing code. People sometimes even left the project and this 

affected not only the work they had been doing but the work of the others who were 

depending on them. Replacing an individual required an extensive amount of training 

about the "folklore" of the project requirements and the system design. Any change in 

the original system requirements seemed to affect many parts of the project, further 
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delaying system delivery. These kinds of problems just did not exist in the early 

"programming" days and seemed to call for a new approach. 

Many solutions were proposed and tried. Some suggested that the solution lay 

in better management techniques. Others proposed different team organizations. Yet 

others argued for better languages and tools. Many called for organization-wide 

standards such as uniform coding conventions. There was no shortage of ideas. The 

final consensus was that the problem of building software should be approached in the 

same way that engineers had built other large complex systems such as bridges, 

refineries, factories, ships and airplanes. The point was to view the final software 

system as a complex product and the building of it as an engineering job. The 

engineering approach required management, organization, tools, theories, 

methodologies and techniques. And thus was software engineering born. 

The above history emphasizes the growth of software engineering starting from 

programming. Other technological trends have also played significant roles in the 

evolution of the field. The most important influence has been that of the change in the 

balance of hardware and software costs. Whereas the cost of a computerized system 

used to be determined largely by hardware costs and software was an insignificant 

factor, today the software component can account for far more than half of the system 

cost. The declining cost of hardware and the rising cost of software have tipped the 

balance further in the direction of software, setting in motion a new economical 

emphasis in the development of software engineering. 

Another evolutionary trend has been internal to the field itself. There has been a 

growing emphasis on viewing software engineering as dealing with more than just 

"coding." Instead, the software is viewed as having an entire life cycle, starting from 

conception and continuing through design, development, deployment and maintenance 

and evolution. The shift of emphasis away from coding has sparked the development of 

methodologies and sophisticated tools to support teams involved in the entire software 

life cycle. 

We can expect the importance of software engineering to continue to grow for 

several reasons. First is economics: in 1985, around $140 billion were spent annually 

on software worldwide. It is anticipated that software costs will grow to more than -

$450 billion worldwide by 1995. This fact alone ensures that software engineering will 

grow as a discipline. Second, software is permeating our society. More and more, 

software is used to control critical functions of various machines such as aircrafts and 

medical devices. This fact ensures the growing interest of society in dependable 

software, to the extent of legislating specific standards, requirements and certification 

procedures. No doubt, it will continue to be important to learn how to build better 

software better. 
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6.0  The Role of Software Engineer  

The evolution of the field has defined the role of the software engineer and the 

required experience and education. A software engineer must of course be a good 

programmer, be well-versed in data structures and algorithms and be fluent in one or 

more programming languages. These are requirements for "programming-in-the-small," 

roughly defined as building programs that can be written in their entirety by a single 

individual. But a software engineer is also involved in "programming-in-the-large," 

which requires more. 

The software engineer must be familiar with several design approaches, be able 

to translate vague requirements and desires into precise specifications and be able to 

converse with the user of a system in terms of the application rather than in 

"computerese.' These in turn require the flexibility and openness to grasp and become 

conversant with, the essentials of different application areas. The software engineer 

needs the ability to move among several levels of abstraction at different stages of the 

project, from specific application procedures and requirements, to abstractions for the 

software system, to a specific design for the system and finally to the detailed coding 

level. 

Modeling is another requirement. The software engineer must be able to build 

and use a model of the application to guide choices of the many trade-offs that he or 

she will face. The model is used to answer questions about both the behavior of the 

system and its performance. Preferably, the model can be used by the engineer as well 

as the user. The software engineer is a member of a team and therefore needs 

communication skills and interpersonal skills. The software engineer also needs the 

ability to schedule work, both of his or her own and that of others. 

As discussed above, a software engineer is responsible for many things. In 

practice, many organizations divide the responsibilities among several specialists with 

different titles. For example, an analyst is responsible for deriving the requirements 

and a performance analyst is responsible for analyzing the performance of a system. A 

rigid fragmentation of roles, however, is often counterproductive. 

7.0 The relationship of Software Engineering to other areas of Computer science 

Software engineering has emerged as an important field within computer 

science. Indeed, there is a synergistic relationship between it and many other areas in 

computer science: these areas both influence and are influenced by software 

engineering. In the following subsections, we explore the relationship between software 

engineering and some of the other important fields of computer science. 

7.1  Programming Languages 

The influence of software engineering on programming languages is rather 

evident. Programming languages are the central tools used in software development. As 

a result, they have a profound influence on how well we can achieve our software 
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engineering goals. In turn, these goals influence the development of programming 

languages. 

The most notable example of this influence in recent programming languages is 

the inclusion of modularity features, such as separate and independent compilation 

and the separation of specification from implementation, in order to support team 

development of large software. The Ada programming language, for example, supports 

the development of “packages”-allowing the separation of the package interface from its 

implementation-and libraries of packages that can be used as components in the 

development of independent software systems. This is a step towards making it 

possible to build software by choosing from a catalog of available components and 

combining them, similarly to the way hardware is built. 

In the opposite direction, programming languages have also influenced software 

engineering. One example is the idea that requirements and design should be 

described precisely, possibly using a language as rigorous and machine-processable as 

a programming language. As another example, consider the view that the input to a 

software system can be treated as a program coded in some "programming" language. 

The commands that a user can type into a system are not just a random collection of 

characters; rather they form a language used to communicate with the system. 

Designing an appropriate input language is a part of designing the system interface. 

Most traditional operating systems, such as OS 360, were developed before this 

view was recognized. As a result, the interface to them-the job control language (JCL) is 

generally agreed to be extremely complicated to master. On the other hand, more 

recent operating systems, such as UNIX, really do provide the user with a 

programming language interface, thus making them easier to learn and use. 

One result of viewing the software system interface as a programming language 

is that compiler development tools-which are quite well developed-can be used for 

general software development. For example, we can use grammars to specify the syntax 

of the interface and parser-generators to verify the consistency and unambiguity of the 

interface and automatically generate the front end for the system. 

User interfaces are an especially interesting case because we are now seeing an 

influence in the opposite direction. The software engineering issues revolving around 

the user interfaces made possible by the widespread use of graphical bit-mapped 

displays and mice have motivated programming language work in the area of "visual" 

or "pictorial languages. These languages attempt to capture the semantics of the 

windowing and interaction paradigms offered by the new sophisticated graphical 

display devices. 

Yet another influence of the programming language field on software 

engineering is through the implementation techniques that have been developed over 

the years for language processing. Perhaps the most important lesson learned has been 

that formalization leads to automation: stating a formal grammar for a language allows 



BCA Part-III  Paper : BCA-305 9

a parser to be produced automatically. This technique is exploited in many software 

engineering areas for formal specification and automatic software generation. 

Another implementation influence is due to the two major approaches to 

language processing-compilation and interpretation-that have been studied extensively 

by compiler designers. In general, the interpretive approach offers more run-time 

flexibility and the compilation approach offers more run-time efficiency. Either is 

generally applicable to any software system and can therefore become another tool in 

the software engineer's toolbox. An example of their application outside the 

programming language area can be seen in the data-base field. The queries posed to a 

data base may be either compiled or interpreted. Common types of queries are 

compiled to ensure their fast execution: the exact search path used by the data-base 

system is determined before any queries are made to the system. On the other hand, 

since not all types of queries can be predicted by the data-base designer, so-called ad 

hoc queries are also supported, which require the data base to select a search path at 

run time. The ad hoc queries take longer to execute but give the user more flexibility. 

7.2  Operating Systems 

The influence of operating systems on software engineering is quite strong 

primarily because operating systems were the first really large software systems built, 

and therefore they were the first instances of software that needed to be engineered. 

Many of the first software design ideas originated from early attempts at building 

operating systems. 

Virtual machines, levels of abstraction, and separation of policy from 

mechanism are all concepts developed in the operating system field with general 

applicability to any large software system. For example, the idea of separating a policy 

that an operating system wants to impose, such as assuring fairness among jobs, from 

the mechanism used to accomplish concurrency, such as time slicing, is an instance of 

separating the "what" from the "how"-or the specification from the implementation-and 

the changeable parts from what remains fixed in a design. The idea of levels of 

abstraction is just another approach to modularizing the design of a system. 

In the opposite direction, the influence of software engineering on operating 

systems can be seen in both the way operating systems are structured and the goals 

they try to satisfy. For example, the UNIX operating system attempts to provide a 

productive environment for software development. A class of tools provided in this 

environment supports software configuration management-a way to maintain and 

control the relationships among the different components and versions of a software 

system. Examples of the influence of software engineering techniques on the structure 

of operating systems can be seen in portable operating systems and operating systems 

that are structured to contain a small "protected" kernel that provides a minimum of 

functionality for interfacing with the hardware and a "nonprotected" part that provides 

the majority of the functionality previously associated with operating systems. For 
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example, the nonprotected part may allow the user to control the paging scheme, 

which has traditionally been viewed as an integral part of the operating system. 

Similarly, in early operating systems, the command language interpreter was an 

integral part of the operating system. Today, it is viewed as just another utility 

program. This allows, for example, each user to have a personalized version of the 

interpreter. On many UNIX systems, there are at least three different such interpreters. 

7.3  Data Bases 

Data bases represent another class of large software systems whose 

development has influenced software engineering through the discovery of new design 

techniques. Perhaps the most important influence of the data-base field on software 

engineering is through the notion of "data independence," which is yet another 

instance of the separation of specification from implementation. The data base allows 

applications to be written that use data without worrying about the underlying 

representation of the data. This independence allows the data base to be changed in 

certain ways-for example, to increase the performance of the system-without any need 

to change the applications. This is a perfect example of the benefit of abstraction and 

separation of Separation of concerns, two key software engineering principles. 

Another interesting impact of data-base technology on software engineering is 

that it allows data-base systems to be used as components of large software systems. 

Since data bases have solved the many problems associated with the management of 

concurrent access to large amounts of information by multiple users, there is no need 

to reinvent these solutions when we are building a software system-we can simply use 

an existing data-base system as a component. 

One interesting influence of software engineering on data-base technology has 

its roots in early attempts to use data bases to support software development 

environments. This experience showed that traditional data-base technology was 

incapable of dealing with the problems posed by software engineering processes. For 

example, the following requirements are not handled well by traditional data bases: 

storing large structured objects such as source programs or user manuals; storing 

large unstructured objects such as object code and executable code; maintaining 

different versions of the same object; and storing objects, such as a product, with 

many large structured and unstructured fields, such as source code, object code, and 

a user manual. Another difficulty dealt with the length of transactions. Traditional data 

bases support short transactions, such as a bank account deposit or withdrawal. 

Software engineers, on the other hand, need very long transactions: an engineer may 

require a long compilation to occur on a multimodule system or may check out a 

program and work on it for weeks before checking it back in. The problem posed for the 

data base is how to handle the locking of the code during these weeks. What if the 

engineer wants to work only on a small part of the program? Are all other access to the 

program forbidden? 
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There is presently considerable work going on in the data-base area to address 

such problems, ranging from introducing new models for data bases to adapting 

current database models. 

 

7.4  Artificial Intelligence 

Artificial intelligence is another field that has exerted influence on software 

engineering. The software systems built in the artificial intelligence research 

community have been among the most complex systems built. But they have been 

different from other software systems in significant ways. Typically, artificial 

intelligence systems are built with only a vague notion of how the system is going to 

work. The term "exploratory development" has been used for the process followed in 

building these systems. 

This process is the opposite of traditional software engineering, in which we go 

through well-defined steps attempting to produce a complete design before proceeding 

to coding. These developments have given rise to new techniques in dealing with 

specifications, verification, and reasoning in the presence of uncertainty. Other 

techniques advanced by artificial intelligence include the use of logic in both software 

specifications and programming languages. 

The logic orientation seems to be filling the gap between specification and 

implementation by raising the level of implementation languages higher than before. 

The logic approach to specification and programming is also called declarative. The 

idea is that we declare the specifications or requirements rather than specifying them 

procedurally; the declarative description is then executable. Logic programming 

languages such as PROLOG help us follow this methodology. 

Software engineering techniques have been used in newer artificial intelligence 

systems-for example, in expert systems. These systems are modularized, with a clear 

separation between the facts "known" by the expert system and the rules used by the 

system for processing the facts-for example, a rule to decide on a course of action. This 

separation has enabled the building and commercial availability of "expert system 

shells" that include the rules only. A user can apply the shell to an application of 

interest by supplying application-specific facts. The idea is that the expertise about the 

application is provided by the user and the general principles of how to apply expertise 

to any problem are provided by the shell. 

A different kind of symbiosis is currently taking place at the intersection of 

software engineering and artificial intelligence. Techniques of artificial intelligence are 

being applied to improve the software engineering tasks. For example, "programming 

assistants" are being developed to act as consultants to the programmer, watching for 

common programming idioms or the system requirements. Such "assistants" are also 

being developed to help in the testing activities of the software development, to debug 

the software. 
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The problem of providing interfaces for nonexpert users-for example, through 

the use of natural language-was first attacked by artificial intelligence. Cognitive 

models were also used to model the user. These works have influenced the very active 

area of user-interface design in software engineering. 

7.5  Theoretical Models 

Theoretical computer science has developed a number of models that have 

become useful tools in software engineering. For example, finite state machines have 

served both as the basis of techniques for software specifications and as models for 

software design and structure. Communication protocols and language analyzers are 

programs that have used finite state machines as their processing model. 

Pushdown automata have also been used—for example, for operational 

specifications of systems and for building processors for such specifications. 

Interestingly, pushdown automata were themselves motivated by practical attempts to 

build parsers and compilers for programming languages. 

Petri nets are yet another contribution of the theoretical computer science field 

to software engineering. While Petri nets were initially used to model hardware 

systems, in recent years they have been applied increasingly in the modeling of 

software. They are currently the subject of intensive study in many software 

engineering research organizations. 

As another example, denotational semantics-a mathematical theory developed 

for describing programming language semantics-has been the source of recent 

developments in the area of specification languages. 

Software engineering has also affected theoretical computer science. Algebraic 

specifications and abstract data type theory are motivated by the needs of software 

engineering. Also in the area of specifications, software engineering has focused more 

attention on non-first-order theories of logic, such as temporal logic. Theoreticians 

used to pay more attention to first-order theories than higher-order theories because 

the two are equivalent in power but first-order theories are more basic from a 

mathematical viewpoint. They are not as expressive as higher-order theories, however. 

A software engineer, unlike a theoretician, is interested both in the power and the 

expressiveness of a theory. For example, temporal logic provides a more compact and 

natural style for specifying the requirements of a concurrent system than do first-order 

theories. The needs of software engineering, therefore, have ignited new interest by 

theoreticians in such higher-order theories. 

8.0 The relationship of Software Engineering to Other Disciplines 

In the foregoing sections, we examined the relationship between software 

engineering and other fields of computer science. In this section, we explore how 

software engineering relates to other fields outside of computer science. 

Software engineering need not be practiced in a vacuum. There are many problems 

that are not specific to software engineering and have been solved in other fields. Their 
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solutions can be adapted to software engineering. Thus, there is no need to reinvent 

every solution. For example, the fields of psychology and industrial design can guide us 

in the development of better user interfaces. 

 

8.1  Management Science 

A large part of software engineering is involved with management issues. Such 

management has two aspects: technical management and personnel management. The 

generic issues in any kind of project management include project estimation, project 

scheduling, human resource planning, task decomposition and assignment, and 

project tracking. The personnel issues involve hiring personnel, motivating people, and 

assigning the right people to the right tasks. 

Management science studies exactly these issues. Many models have been 

developed that can be applied in software engineering. By looking to management 

science, we can exploit the results of many decades of study. 

In the opposite direction, software engineering has provided management 

science with a new domain in which to test management theories and models. The 

traditional management approaches to assembly-line production clearly do not apply to 

software engineering management, giving rise to a search for more applicable 

approaches. 

8.2  Systems Engineering 

Systems engineering is the field concerned with studying complex systems. The 

hypothesis is that certain laws govern the behavior of any complex system composed 

many components with complex relationships. Systems engineering is useful when you 

are interested in concentrating on the system as opposed to the individual 

components. Systems engineering tries to discover common themes that apply to 

diverse systems-for example, chemical plants, buildings, and bridges. 

Software is often a component of a much larger system. For example, the 

software in a factory monitoring system or the flight software on an airplane is just 

components of more complicated systems. Systems engineering techniques can be 

applied to the study of such systems. We can also consider a software system 

consisting of thousands of modules as a candidate complex system subject to systems 

engineering laws. On the other hand, system engineering has been enriched by 

expanding its set of analysis models-which were traditionally based on classical 

mathematics-to include discrete models that have been in use in software engineering. 

9.0  Summary: 

In this lesson we have discussed the meaning of Software engineering, its 

history, role and importance and the Software life cycle. We have also discussed the 

relationship of Software Engineering to other areas of Computer science 
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10.0 Self check exercise 

Q1:  What is Software Engineering? What is the role of Software Engineering in 

System Design? 

Q2:  Explain the various goals and principles of Software Engineering.  

Q3:  Write a detailed note on the history of Software Engineering. 

Q4:  Explain in detail the relationship of Software Engineering to other areas of 

Computer    science. 

11.0  Suggested readings 

“Software Engineering: A Practitioner’s Approach” by Roger Pressman, Tata McGraw 

Hill Publications. 

“Software Engineering” by David Gustafson, Schaum’s Outlines Series. 

“An Integrated Approach to Software Engineering” by Pankaj Jalote. 

“Software Engineering” by Ian Sommerville, Pearson Education, Asia. 

“Software Engineering Concepts” by Richard Fairley, Tata McGraw Hill Publications. 

“Fundamentals of software engineering”by Carlo Ghezi, Mehdi Jazayeri. 

“Software engineering: Theory and practice” by Shari Lawrence Pfleeger. 

“Fundamentals of Software Engineering” by Rajib Mall., PHI-India. 

 “Software Testing Techniques” by Boris Beizer, Dreamtech Press, New Delhi. 

 



BCA PART-III                                                                   PAPER : BCA-305

                                                                   SOFTWARE ENGINEERING 

 

LESSON No. 1.2                                                          AUTHOR: Dr. VISHAL SINGH  

 

The Software Life Cycle 
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2.0 Classification of Software Qualities 
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4.0 Summary 
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6.0 Suggested readings 
 

Objectives: 

In this lesson we will study the software life cycle, which is a very important concept in 

the field of software engineering. We will study in detail the classification of software 

qualities and the representative qualities of the software. 

1.0    The Software Life Cycle 

Software life cycle defines the steps/stages/phases in the building of 

software. From the inception of an idea for a software system, until it is 

implemented and delivered to a customer, and even after that, the system 

undergoes gradual development and evolution. The software is said to have a life 

cycle composed of several phases. Each of these phases results in the development of 

either a part of the system or something associated with the system, such as a test 

plan or a user manual. In the traditional life cycle model, called the "waterfall model," 
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each phase has well-defined starting and ending points, with clearly identifiable 

deliverables to the next phase. In practice, it is rarely so simple. A sample waterfall life 

cycle model comprises the following phases: 

Requirements analysis and specification: Requirements analysis is usually the 

first phase of a large-scale software development project. It is undertaken after a 

feasibility study has been performed to define the precise costs and benefits of a 

software system. The purpose of this phase is to identify and document the exact 

requirements for the system. Such study may be performed by the customer, the 

developer, a marketing organization, or any combination of the three. In cases where 

the requirements are not clear-e.g., for a system that has never been done before-much 

interaction is required between the user and the developer. The requirements at this 

stage are in end-user terms. Various software engineering methodologies advocate that 

this phase must also produce user manuals and system test plans. 

Design and specification: Once the requirements for a system have been 

documented, software engineers design a software system to meet them. This phase is 

sometimes split into two subphases: architectural or high-level design and detailed 

design. High-level design deals with the overall module structure and organization, 

rather than the details of the modules. The high-level design is refined by designing 

each module in detail (detailed design). 

Separating the requirements analysis phase from the design phase is an instance of a 

fundamental "what/how" dichotomy that we encounter quite often in computer 

science. The general principle involves making a clear distinction between what the 

problem is and how to solve the problem. In this case, the requirements phase 

attempts to specify what the problem is. There are usually many ways that the 

requirements may be met, including some solutions that do not involve the use of 

computers at all. The purpose of the design phase is to specify a particular software 

system that will meet the stated requirements. Again, there are usually many ways to 

build the specified system. In the coding phase, which follows the design phase, a 

particular system is coded to meet the design specification.  
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Coding and module testing: This is the phase that produces the actual code that 

will be delivered to the customer as the running system. The other Phases of the life cycle 

may also develop code, such as prototypes tests, and test drivers, but these are for use 

by the developer. Individual modules develops this phase are also tested before being 

delivered to the next phase. 

Integration and system testing: All the modules that have been developed before 

and tested individually are put together integrated-in this phase and tested as a whole 

system. 

Delivery and maintenance: Once the system passes all the tests, it is delivered to the 

customer and enters the maintenance phase. Any modifications made to the system after 

initial delivery is usually attributed to this phase. 

Figure 1.1 gives a graphical view of the software development life cycle that provides a 

visual explanation of the term "waterfall" used to denote it. Each phase results that 

"flow" into the next and the process ideally proceeds in an orderly and linear fashion. 
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A commonly used terminology distinguishes between high phases and low phases of 

the software life cycle; the feasibility study, requirements analysis, and  high level 

design contribute to the former/and implementation-oriented activities contribute to 

the latter. 

As presented here, the phases give a partial, simplified view of the conventional 

waterfall software life cycle. The process may be decomposed into a different set of 

phases, with different names, different purposes, and different granularity. Entirely 

different life cycle schemes may even be proposed, not based on a strictly phased 

waterfall development. For example, it is clear that if any tests uncover defects in the 

system, we have to go back at least to the coding phase and perhaps to the design 

phase to correct some mistakes. In general, any phase may uncover problems in 

previous phases; this will necessitate going back to the previous phases and redoing 

some earlier work. For example, if the system design phase uncovers inconsistencies or 

ambiguities in the system requirements, the requirements analysis phase must be 

revisited to determine what requirements were really intended. 

Another simplification in the above presentation is that it assumes that a phase is 

completed before the next one begins. In practice, it is often expedient to start a phase 

before a previous one is finished. This may happen, for example, if some data 

necessary for the completion of the requirements phase will not be available for some 

time. Or it might be necessary because the people ready to start the next phase are 

available and have nothing else to do. The research and experience over the past 

decade have shown that there is a variety of life cycle models and that no single one is 

appropriate for all software systems.  

The nature and qualities of Software 

The goal of any engineering activity is to build something-a product. The civil engineer 

builds a bridge, the aerospace engineer builds an airplane, and the electrical engineer 

builds a circuit. The product of software engineering is a “software system”. It is not as 

tangible as the other products, but it is a product nonetheless. It serves a function. 

In some ways software products are similar to other engineering Products and in some 

ways they are very different. The characteristic that perhaps set software apart from other 

engineering products the most is that software is malleable. We can modify the product 

itself-as opposed to its design-rather easily. This makes software quite different from 

other products such as cars or ovens. 

The malleability of software is often misused. While it is certainly possible to 

modify a bridge or an airplane to satisfy some new need-for example to make the bridge 

support more traffic or the airplane carry more cargo-such a modification is not taken  

lightly and certainly is not attempted without first making a design change and verifying the 

impact of the change extensively. Software engineers, on the other hand, are often asked to 

perform such modifications on software. Because of its malleability, we seem to think that 

changing software is easy. In practice, it is not.We may be able to change the code easily 
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with a text editor, but meeting the need for which the change was intended is not 

necessarily done so easily- Indeed we need to treat software like other engineering products in 

this regard: a change in software must be viewed as a change in the design rather than in the 

code, which is just an instance of the product. We can indeed exploit the malleability 

property, but we need to do it with discipline.Another characteristic of software is that its 

creation is human intensive: it requires mostly engineering rather than manufacturing. 

In most other engineering disciplines, the manufacturing process is considered 

carefully because it determines the final cost of the product. Also, the process has to be 

managed closely to ensure that defects are not introduced. The same considerations 

apply to computer hardware products. For software, on the other hand, 

"manufacturing" is a trivial process of duplication. The software production process 

deals with design and implementation, rather than manufacturing. This process has to 

meet certain criteria to ensure the production of high-quality software. 

Any product is expected to fulfill some need and meet some acceptance standards that 

set forth the qualities it must have. A bridge performs the function of making it easier 

to travel from one point to another; one of the qualities it is expected to have is that it 

will not collapse when the first strong wind blows or a convoy of trucks travels across 

it. In traditional engineering disciplines, the engineer has tools for describing the 

qualities of the product distinctly from the design of the product. In software 

engineering, the distinction is not yet so clear. The qualities of the software product are 

often intermixed in specifications with the qualities of the design. 

In this lesson, we examine the qualities that are pertinent to software products and 

software production processes. 

2.0 Classification of Software Qualities 

There are many desirable software qualities. Some of these apply both to the product 

and to the process used to produce the product. The user wants the software product 

to be reliable, efficient, and easy to use. The producer of the software wants it to be 

verifiable, maintainable, portable and extensible. The manager of the software project 

wants the process of software development to be productive and easy to control. 

In this section, we consider two different classifications of software-related qualities: 

internal versus external and product versus process. 

2.1  External versus Internal Qualities 

We can divide software qualities into external and internal qualities. The external 

Qualities are visible to the user of the system and the internal qualities are those that 

concern the developer of the system. In general the users of the software only care 

about the external qualities, but it is the internal qualities-which deal largely with the 

structure of the software-that help developers achieve the external qualities. For 

example, the internal quality of verifiability is necessary for achieving the external 

quality of reliability. In many cases, however, the qualities are related closely and the 

distinction between internal and external is not sharp. 
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2.2  Product and Process Qualities 

We use a process to produce the software product. We can also attribute some qualities 

to the process, although process qualities often are closely related to product qualities. 

For example, if the process requires careful planning of system test data before any 

design and development of the system starts, product reliability will increase. Some 

qualities such as efficiency, apply both to the product and to the process. 

It is interesting to examine the word product here. It usually refers to what is delivered 

to the customer. Even though this is an acceptable definition from the customer's 

perspective, it is not adequate for the developer who requires a general definition of a 

software product that encompasses not only the object code and the user manual that 

are delivered to the customer, but also the requirements, design, source code, test 

data, etc. With such a definition, all of the artifacts that are produced during the 

process constitute parts of the product. In fact, it is possible to deliver different subsets 

the same product to different customers. 

For example, a computer manufacturer might sell to a process control company the 

object code to be installed in the specialized hardware for an embedded application. It 

might sell the object code and the user's manual to software dealers. It might even sell 

the design and the source code to software vendors who modify them to build other 

products. In this case, the developers of the original system see one product, the 

salespersons in the same company see a set of related products, and the end user and 

the software vendor see still other, different products. 

3.0 Representative Qualities 

In this section, we present the most important qualities of software products and 

processes. Where appropriate, we analyze a quality with respect to the classifications 

discussed above. 

3.1  Correctness, Reliability, and Robustness 

The terms "correctness," "reliability," and "robustness" are often used 

interchangeably to characterize a quality of software that implies that the application 

performs its functions as expected. At other times, the terms are used with different 

meanings by different people, but the terminology is not standardized. This is quite 

unfortunate, because these terms deal with important issues. We will try to clarify 

these issues below, not only because we need a uniform terminology to be used 

throughout the book, but also because we believe that a clarification of the terminology 

is needed to better understand and analyze the underlying issues. 

3.1.1 Correctness 

A program is functionally correct if it behaves according to the specification of 

the functions it should provide (called functional requirements specifications). It is 

common simply to use the term "correct" rather than "functionally correct"; similarly, 

in this context, the term "specifications" implies "functional requirements 

specifications." We will follow this convention when the context is clear. 
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The definition of correctness assumes that a specification of the system is 

available and that it is possible to determine unambiguously whether or not a program 

meets the specifications. With most current software systems, no such specification 

exists. If a specification does exist, it is usually written in an informal style using 

natural language. Such a specification is likely to contain many ambiguities. 

Regardless of these difficulties with current specifications, however, the definition of 

correctness is useful. Clearly, correctness is a desirable property for software systems. 

Correctness is a mathematical property that establishes the equivalence 

between the software and its specification. Obviously, we can be more systematic and 

precise in assessing correctness depending on how rigorous we are in specifying 

functional requirements. Correctness can be assessed through a variety of methods, 

some stressing an experimental approach (e.g., testing), others stressing an analytic 

approach (e.g.. formal verification of correctness). Correctness can also be enhanced by 

using appropriate tools such as high-level languages, particularly those supporting 

extensive static analysis. Likewise, it can be improved by using standard algorithms or 

using libraries of standard modules, rather than inventing new ones. 

3.1.2 Reliability 

Informally, software is reliable if the user can depend on it. The specialized literature 

on software reliability defines reliability in terms of statistical behavior-the probability 

that the software will operate as expected over a specified time interval. 

Correctness is an absolute quality: any deviation from the requirements makes the 

system incorrect, regardless of how minor or serious is the consequence of the 

deviation. The notion of reliability is on the other hand, relative: if the consequence of a 

software error is not serious, the incorrect software may still be reliable. 

Engineering products are expected to be reliable. Unreliable products, in general, 

disappear quickly from the marketplace. Unfortunately, software products have not 

achieved this enviable status yet. Software products are commonly released along with 

a list of "Known Bugs." Users of software take it for granted that "Release 1" of a 

product is "buggy." This is one of the most striking symptoms of the immaturity of the 

software engineering field as an engineering discipline. 

In classic engineering disciplines, a product is not released if it has "bugs." You do not 

expect to take delivery of an automobile along with a list of shortcomings or a bridge 

with a warning not to use the railing. Design errors are extremely rare and worthy of 

news headlines. A bridge that collapses may even cause the designers to be prosecuted 

in court. 

On the contrary, software design errors are generally treated as unavoidable. Far from 

being surprised with the occurrence of software errors, we expect them. Whereas with 

all other products the customer receives a guarantee of reliability, with software we get 

a disclaimer that the software manufacturer is not responsible for any damages due 

product errors. Software engineering can truly be called an engineering discipline only 
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when we can achieve software reliability comparable to the reliability of other products. 

  

Figure 2.1        Relationship between correctness and reliability in the ideal case. 

3.1.3  Robustness 

A program is robust if it behaves "reasonably," even in circumstances that were not 

anticipated in the requirements specification-for example, when it encounters incorrect 

input data or some hardware malfunction (say, a disk crash). A program that assumes 

perfect input and generates an unrecoverable run-time error as soon as the user 

inadvertently types an incorrect command would not be robust. It might be correct, 

though, if the requirements specification does not state what the action should be 

upon entry of an incorrect command. Obviously, robustness is a difficult-to-define 

quality; after all, if we could state precisely what we should do to make an application 

robust, we would be able to specify -its "reasonable" behavior completely. Thus, 

robustness would become equivalent to correctness (or reliability, in the sense of 

Figure 2.1). 

3.2  Performance  

Any engineering product is expected to meet a certain level of performance. Unlike 

other disciplines, in software engineering we often equate performance with efficiency. 

We will follow this practice here. A software system is efficient if it uses computing 

resources economically. 

Performance is important because it affects the usability of the system. If a software 

system is too slow, it reduces the productivity of the users, possibly to the point of not 

meeting their needs. If a software system uses too much disk space, it may be too 

expensive to run. If a software system uses too much memory, it may affect the other 

applications that are run on the same system, or it may run slowly while the operating 

system tries to balance the memory usage of the different applications. 

Underlying all of these statements-and also what makes the efficiency issue 

difficult-are the changing limits of efficiency as technology changes. Our view of what is 

"too expensive" is constantly changing as advances in technology extend the limits. The 

computers of today cost orders of magnitude less than computers of a few years ago, 

yet they provide orders of magnitude more power. 

Performance is also important because it affects the scalability of a software 

system. An algorithm that is quadratic may work on small inputs but not work at all 

for larger inputs. So, there are several ways to evaluate the performance of a system. 
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One method is to measure efficiency by analyzing the complexity of algorithms. An 

extensive theory exists for characterizing the average or worst case behavior of 

algorithms, in terms of significant resource requirements such as time and space, or-

less traditionally-in terms of number of message exchanges (in the case of distributed 

systems). 

Analysis of the complexity of algorithms provides only average or worst case 

information, rather than specific information, about a particular implementation. For 

more specific information, we can use techniques of performance evaluation. The three 

basic approaches to evaluating the performance of a system are measurement, 

analysis, and simulation. We can measure the actual performance of a system by 

means of monitors that collect data while the system is working and allow us to 

discover bottlenecks in the system. Or we can build a model of the product and analyze 

it. Or, finally, we can even build a model that simulates the product. Analytic models-

often based on queuing theory-are usually easier to build but are less accurate while 

simulation models are more costly to build but are more accurate. We can combine the 

two techniques as follows: at the start of a large project, an analytic model can provide 

a general understanding of the performance-critical areas of the product, pointing out 

areas where more thorough study is required; then we can build simulation models of 

these particular areas. 

3.3  User Friendliness 

A software system is user friendly if its human users find it easy to use. This 

definition reflects the subjective nature of user friendliness. An application that is used 

by novice programmers qualifies as user friendly by virtue of different properties than 

an application that is used by expert programmers. For example, a novice user may 

appreciate verbose messages, while an experienced user grows to detest and ignore 

them. Similarly, a nonprogrammer may appreciate the use of menus, while a 

programmer may be more comfortable with typing a command. 

The user interface is an important component of user friendliness. A software 

system that presents the novice user with a window interface and a mouse is friendlier 

than one that requires the user to use a set of one-letter commands. On the other 

hand, an experienced user might prefer a set of commands that minimize the number 

of keystrokes rather than a fancy window interface through which he has to navigate to 

get to the command that he knew all along he wanted to execute.  

There is more to user friendliness, however, than the user interface. For 

example, an embedded software system does not have a human user interface. Instead, 

it interacts with hardware and perhaps other software systems. In this case, the user 

friendliness is reflected in the ease with which the system can be configured and 

adapted to the hardware environment. 

In general, the user friendliness of a system depends on the consistency of its 

user and operator interfaces. Clearly, however, the other qualities mentioned above-
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such as correctness and performance-also affect user friendliness. A software system 

that produces wrong answers is not friendly, regardless of how fancy its user interface 

is. Also, a software system that produces answers more slowly than the user requires 

is not friendly even if the answers are displayed in color. 

3.4 Verifiability 

Software is verifiable if its properties can be verified easily. For example, the 

correctness or the performances of a software system are properties we would be 

interested in verifying. Verification can be performed either by formal analysis methods 

or through testing. A common technique for improving verifiability is the use of 

"software monitors," that is, code inserted in the software to monitor various qualities 

such as performance or correctness. 

Modular design, disciplined coding practices and the use of an appropriate 

programming language all contribute to verifiability. 

Verifiability is usually an internal quality, although it sometimes becomes an 

external quality also. For example, in many security critical applications, the customer 

requires the verifiability of certain properties. The highest level of the security standard 

for a “trusted computer system” requires the verifiability of the operating system 

kernel. 

3.5 Maintainability 

The term “software maintenance” is commonly used to refer to the modifications 

that are made to a software system after its initial release. Maintenance used to be 

viewed as merely “bug fixing”,   and it was distressing to discover that so much effort 

was spent on fixing defects. Studies have shown, however, that the majority of time 

spent on maintenance is in fact spent on enhancing the product with features that 

were not in the original specifications or were stated incorrectly there. 

There is evidence that maintenance costs exceed 60% of the total costs of the 

software. To analyze the factors that affect such costs, it is customary to divide 

software maintenance into three categories: corrective, adaptive and perfective 

maintenance. Corrective maintenance has to do with the removal of residual errors 

present in the product when it is delivered as well as errors introduced into the 

software during its maintenance. Corrective maintenance accounts for about 20 

percent of maintenance costs. 

Adaptive and perfective maintenance are the real sources of change in software; 

they motivate the introduction of evolvability as a fundamental software quality and 

anticipation of change as a general principle that should guide the software engineer. 

Adaptive maintenance accounts for nearly another 20 percent of maintenance costs 

while over 50 percent is absorbed by perfective maintenance. 

Adaptive maintenance involves adjusting the application to changes in the 

environment, e.g., a new release of the hardware or the operating system or a new 

database system. In other words, in adaptive maintenance the need for software 
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changes cannot be attributed to a feature in the software itself, such as the presence of 

residual errors or the inability to provide some functionality required by the user. 

Rather, the software must change because the environment in which it is embedded 

changes. 

Finally, perfective maintenance involves changing the software to improve some 

of its qualities. Here, changes are due to the need to modify the functions offered by the 

application, add new functions, improve the performance of the application, make it 

easier to use, etc. The requests to perform perfective maintenance may come directly 

from the software engineer, in order to improve the status of the product on the 

market, or they may come from the customer, to meet some new requirements 

3.5.1  Repairability 

A software system is repairable if it allows the correction of its defects with a 

limited amount of work. In many engineering products, repairability is a major design 

goal. For example, automobile engines are built with the parts that are most likely to 

fail as the most accessible. In computer hardware engineering, there is a subspecialty 

called repairability, availability, and serviceability (RAS). 

An analogous situation applies to software: a software product that consists of 

well-designed modules is much easier to analyze and repair than a monolithic one. 

Merely increasing the number of modules, however, does not make a more repairable 

product. We have to choose the right module structure with the right module interfaces 

to reduce the need for module interconnections. The right modularization promotes 

repairability by allowing errors to be confined to few modules, making it easier to locate 

and remove them.  Repairability can be improved through the use of proper tools. For 

example, using a high-level language rather than an assembly language leads to better 

repairability. Also, tools such as debuggers can help in isolating and repairing errors. 

3.5.2  Evolvability 

Like other engineering products, software products are modified over time to 

provide new functions or to change existing functions. Indeed, the fact that software is 

so malleable makes modifications extremely easy to apply to an implementation. There 

is, however, a major difference between software modification and modification of other 

engineering products. In the case of other engineering products, modifications start at 

the design level and then proceed to the implementation of the product. For example, if 

one decides to add a second story to a house, first one must do a feasibility study to 

check whether this can be done safely. Then one is required to do a design, based on 

the original design of the house. Then the design must be approved, after assessing 

that it does not violate the existing regulations. And, finally, the construction of the 

new part may be commissioned. 

In the case of software, unfortunately, people seldom proceed in such an 

organized fashion. Although the change might be a radical change in the application, 

too often the implementation is started without doing any feasibility study, let alone a 
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change in the original design. Still worse, after the change is accomplished, the 

modification is not even documented a posteriori; i.e., the specifications are not 

updated to reflect the change. This makes future changes more and more difficult to 

apply. 

On the other hand, successful software products are quite long lived. Their first 

release is the beginning of a long lifetime and each successive release is the next step 

in the evolution of the system. If the software is designed with care, and if each 

modification is thought out carefully, then it can evolve gracefully. 

As the cost of software production and the complexity of applications grow, the 

evolvability of software assumes more and more importance. One reason for this is the 

need to leverage the investment made in the software as the hardware technology 

advances. Some of the earliest large systems developed in the 1960s are today taking 

advantage of new hardware, device, and network technologies.  

Most software systems start out being evolvable, but after years of evolution they 

reach a state where any major modification runs the risk of "breaking" existing 

features. In fact, evolvability is achieved by modularization and successive changes 

tend to reduce the modularity of the original system. This is even worse if modifications 

are applied without careful study of the original design and without precise description 

of changes in both the design and the requirements specification. 

Indeed, studies of large software systems show that evolvability decreases with 

each release of a software product. Each release complicates the structure of the 

software, so that future modifications become more difficult. To overcome this problem, 

the initial design of the product, as well as any succeeding changes, must be done with 

evolvability in mind. Evolvability is one of the most important software qualities, and 

the principles. Evolvability is both a product- and process-related quality. In terms of 

the latter, the process must be able to accommodate new management and 

organizational techniques. changes in engineering education, etc. 

3.6  Reusability 

Reusability is an important factor. In product evolution, we modify a product to 

build a new version of that same product; in. product reuse, we use it-perhaps with 

minor changes-to build another product. Reusability appears to be more applicable to 

software components than to whole products but it certainly seems possible to build 

products that are reusable. 

A good example of a reusable product is the UNIX shell. The UNIX shell is a 

command language interpreter; that is, it accepts user commands and executes them. 

But it is designed to be used both interactively and in "batch." The ability to start a 

new shell with a file containing a list of shell commands allows us to write programs-

scripts-in the shell command language. We can view the program as a new product 

that uses the shell as a component. By encouraging standard interfaces, the UNIX 

environment in fact supports the reuse of any of its commands, as well as the shell, in 
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building powerful utilities. 

Scientific libraries are the best known reusable components. Several large 

FORTRAN libraries have existed for many years. Users can buy these and use them to 

build their own products, without having to reinvent or recode well-known algorithms. 

Indeed, several companies are devoted to producing just such libraries. 

3.7  Portability 

Software is portable if it can run in different environments. The term "environment" 

can refer to a hardware platform or a software environment such as a particular 

operating system. With the proliferation of different processors and operating systems, 

portability has become an important issue for software engineers. 

Even within one processor family, portability can be important because of the 

variations in memory capacity and additional instructions. One way to achieve 

portability within one machine architecture is to have the software system assume a 

minimum configuration as far as memory capacity is concerned and use a subset of 

the machine facilities that are guaranteed to be available on all models of the 

architecture (such as machine instructions and operating system facilities). But this 

penalizes the larger models because, presumably, the system can perform better on 

these models if it does not make such restrictive assumptions. Accordingly, we need to 

use techniques that allow the software to determine the capabilities of the hardware 

and to adapt to them. One good example of this approach is the way that UNIX allows 

programs to interact with many different terminals without explicit assumptions in the 

programs about the terminals they are using. The X Windows system extends this 

capability to allow applications to run on any bit-mapped display. 

More generally, portability refers to the ability to run a system on different hardware 

platforms. As the ratio of money spent on software versus hardware increases, 

portability gains more importance. 

3.8 Understandability 

Some software systems are easier to understand than others. Of course, some 

tasks are inherently more complex than others. For example, a system that does 

weather forecasting, no matter how well it is written, will be harder to understand than 

one that prints a mailing list. Given tasks of inherently similar difficulty, we can follow 

certain guidelines to produce more understandable designs and to write more 

understandable programs. 

Understandability is an internal product quality, and it helps in achieving many 

of the other qualities such as evolvability and verifiability. From an external point of 

view the user considers the system understandable if it has predictable behavior. 

External understandability is a component of user friendliness. 

 

3.9 Interoperability 

Interoperability refers to the ability of a system to coexist and cooperate with 
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other systems-for example, a word-processor's ability to incorporate a chart produced 

by a graphing package, or the graphics package's ability to graph the data produced by 

a spreadsheet, or the spreadsheet's ability to process an image scanned by a scanner. 

While rare in software products, interoperability abounds in other engineering 

products. For example, stereo systems from various manufacturers work together and 

can be connected to television sets and recorders. In fact, stereo systems produced 

decades ago accommodate new technologies such as compact discs, while virtually 

every operating system has to be modified-sometimes significantly before it can work 

with the new optical disks. 

Once again, the UNIX environment, with its standard interfaces, offers a limited 

example of interoperability within a single environment: UNIX encourages applications 

to have a simple, standard interface, which allows the output of one application to be 

used as the input to another. 

3.10  Productivity 

Productivity is a quality of the software production process: it measures the 

efficiency of the process and, as we said before, is the performance quality applied to 

the process. An efficient process results in faster delivery of the product. 

Individual engineers produce software at a certain rate, although there are great 

variations among individuals of different ability. When individuals are part of a team, 

the productivity of the team is some function of the productivity of the individuals. Very 

often, the combined productivity is much less than the sum of the parts. Process 

organizations and techniques are attempts at capitalizing on the individual 

productivity of team members. 

Productivity offers many trade-offs in the choice of a process. For example, a 

process that requires specialization of individual team members may lead to 

productivity in producing a certain product, but not in producing a variety of products. 

Software reuse is a technique that leads to the overall productivity of an organization 

that is involved in developing many products, but developing reusable modules is 

harder than developing modules for one's own use. thus reducing the productivity of 

the group that is developing reusable modules as part of their product development. 

3.11  Timeliness 

Timeliness is a process-related quality that refers to the ability to deliver a 

product on time. Historically, timeliness has been lacking in software production 

processes leading to the "software crisis," which in turn led to the need for-and birth of 

software engineering itself. Even now, many current processes fail to result in a timely 

product. 

Timeliness by itself is not a useful quality, although being late may preclude 

market opportunities. Delivering on time a product that is lacking in other qualities, 

such as reliability or performance is pointless. 

Timeliness requires careful scheduling, accurate work estimation and clearly 
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specified and verifiable milestones. All other engineering disciplines use standard 

project management techniques to achieve timeliness. There are even many computer 

supported project management tools. 

Standard project management techniques are difficult to apply in software 

engineering because of the difficulty in measuring the amount of work required for 

producing a given piece of software, the difficulty in measuring the productivity of 

engineers or even having a dependable metric for productivity and the use of imprecise 

and unverifiable milestones. Another reason for the difficulty in achieving timeliness in 

the software process is continuously changing user requirements. 

One technique for achieving timeliness is through incremental delivery of the 

product. Incremental delivery allows the product to become available earlier; and the 

use of the product helps in refining the requirements incrementally. Outside of 

software engineering, a classic example of the difficulty in dealing with the 

requirements of complex systems is offered by modern weapons systems. In several 

well-publicized cases, the weapons have been obsolete by the time they have been 

delivered, or they have not met the requirements, or, in many cases, both. But after ten 

years of development, it is difficult to decide what to do with a product that does not 

meet a requirement stated ten years ago. The problem is exacerbated by the fact that 

requirements cannot be formulated precisely in these cases because the need is for the 

most advanced system possible at the time of delivery, not at the time the requirements 

are defined. 

Obviously, incremental delivery depends on the ability to break down the set of 

required system functions into subsets that can be delivered in increments. If such 

subsets cannot be defined, no process can make the product available incrementally. 

But a non-incremental process prevents the production of product subsets even if such 

subsets can be identified. Timeliness can be achieved by a product that can be broken 

down into subsets and an incremental process. 

3.12  Visibility 

A software development process is visible if all of its steps and its current status 

are documented clearly. The idea is that the steps and the status of the project are 

available and easily accessible for external examination. In many software projects, 

most engineers and even managers are unaware of the exact status of the project. 

Some may be designing, others coding, and still others testing, all at the same time. 

This, by itself, is not bad. Yet, if an engineer starts to redesign a major part of the code 

just before the software is supposed to be delivered for integration testing, the risk of 

serious problems and delays will be high. 

Visibility allows engineers to weigh the impact of their actions and thus guides 

them in making decisions. It allows the members of the team to work in the same 

direction, rather than, as are often the case currently, in cross directions. The most 

common example of the latter situation is, as mentioned above, when the integration 
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test group has been testing a version of the software assuming that the next version 

will involve fixing defects and will be only minimally different from the current version, 

while an engineer decides to do a major redesign to correct a minor defect. The tension 

between one group trying to stabilize the software while another person or group is 

destabilizing lt-unintentionally, of course-is common. The process must encourage a 

consistent view of the status and current goals among all participants. 

Visibility is not only an internal quality; it is also external. During the course of 

a long project, there are many requests about the status of the project. Sometimes 

these require formal presentations on the status, and at other times the requests are 

informal. Sometimes the requests come from the organization's management for future 

planning, and at other times they come from the outside, perhaps from the customer. If 

the software development process has low visibility, either these status reports will not 

be accurate, or they will require a lot of effort to prepare each time. 

So, visibility of the process requires not only that all process steps be 

documented, but also that the current status of the intermediate products, such as 

requirements specifications and design specifications, be maintained accurately; that 

is, visibility of the product is required also. Intuitively, a product is visible if it is clearly 

structured as a collection of modules, with clearly understandable functions and easily 

accessible documentation. 

4.0  Summary 

 In this lesson we have studied the software life cycle, which is a very important 

concept in the field of software engineering. We have also studied the classification of 

software qualities and the representative qualities of the software. 

5.0  Self Check Exercise 

Q1:  Explain in detail the software life cycle. 

Q2:  What are the various classifications of Software Qualities? 

Q3:  What are the various representative qualities of the software? 

6.0  Suggested readings 

“Software Engineering: A Practitioner’s Approach” by Roger Pressman, Tata McGraw 

Hill Publications. 

“Software Engineering” by David Gustafson, Schaum’s Outlines Series. 

“An Integrated Approach to Software Engineering” by Pankaj Jalote. 

“Software Engineering” by Ian Sommerville, Pearson Education, Asia. 

“Software Engineering Concepts” by Richard Fairley, Tata McGraw Hill Publications. 

“Fundamentals of software engineering”by Carlo Ghezi, Mehdi Jazayeri. 

“Software engineering: Theory and practice” by Shari Lawrence Pfleeger. 

“Fundamentals of Software Engineering” by Rajib Mall., PHI-India. 
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Objectives: 

In this lesson we will study the various process models such as Waterfall model, Spiral 

model, Prototyping model etc.  

 

1.0  Introduction: SDLC Models 

There exists various software development approaches defined and designed which are 

used/employed during development process of software, these approaches are also 

referred as "Software Development Process Models".  

Each process model follows a particular life cycle in order to ensure success in process 

of software development. 

Some of the most commonly used Software developments models are the following: 

 Waterfall model  

 Spiral model 

 Prototyping model 

 

2.0  Waterfall Model 

The waterfall model is a popular version of the system development life cycle modes for 

software-engineering. Waterfall approach was first Process Model to be introduced and 

followed widely in Software Engineering to ensure success of the project. In "The 

Waterfall" approach, the whole process of software development is divided into separate 

process phases. The phases in Waterfall model are: Requirement Specifications phase, 

Software Design, Implementation and Testing & Maintenance. All these phases are 

cascaded to each other so that second phase is started as and when defined set of 



BCA Part-III  Paper :BCA-305 32

goals are achieved for first phase and it is signed off, so the name "Waterfall Model". All 

the methods and processes undertaken in Waterfall Model are more visible. 

 
 

The stages of "The Waterfall Model" are:  

Requirement Analysis & Definition: All possible requirements of the system to be 

developed are captured in this phase. Requirements are set of functionalities and 

constraints that the end-user (who will be using the system) expects from the system. 

The requirements are gathered from the end-user by consultation, these requirements 

are analyzed for their validity and the possibility of incorporating the requirements in 

the system to be development is also studied. Finally, a Requirement Specification 

document is created which serves the purpose of guideline for the next phase of the 

model.  

System & Software Design: Before a starting for actual coding, it is highly important 

to understand what we are going to create and what it should look like? The 

requirement specifications from first phase are studied in this phase and system 

design is prepared. System Design helps in specifying hardware and system 

requirements and also helps in defining overall system architecture. The system design 

specifications serve as input for the next phase of the model. 

Implementation & Unit Testing: On receiving system design documents, the work is 

divided in modules/units and actual coding is started. The system is first developed in 

small programs called units, which are integrated in the next phase. Each unit is 
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developed and tested for its functionality; this is referred to as Unit Testing. Unit 

testing mainly verifies if the modules/units meet their specifications. 

Integration & System Testing: As specified above, the system is first divided in units 

which are developed and tested for their functionalities. These units are integrated into 

a complete system during Integration phase and tested to check if all modules/units 

coordinate between each other and the system as a whole behaves as per the 

specifications. After successfully testing the software, it is delivered to the customer. 

Operations & Maintenance: This phase of "The Waterfall Model" is virtually never 

ending phase (Very long). Generally, problems with the system developed (which are 

not found during the development life cycle) come up after its practical use starts, so 

the issues related to the system are solved after deployment of the system. Not all the 

problems come in picture directly but they arise time to time and needs to be solved; 

hence this process is referred as Maintenance. 

Advantages of waterfall model 

The advantage of waterfall development is that it allows for departmentalization and 

managerial control. A schedule can be set with deadlines for each stage of development 

and a product can proceed through the development process like a car in a carwash, 

and theoretically, be delivered on time. Development moves from concept, through 

design, implementation, testing, installation, troubleshooting, and ends up at 

operation and maintenance. Each phase of development proceeds in strict order, 

without any overlapping or iterative steps. 

Disadvantages of waterfall model 

The disadvantage of waterfall development is that it does not allow for much reflection 

or revision. Once an application is in the testing stage, it is very difficult to go back and 

change something that was not well-thought out in the concept stage. Alternatives to 

the waterfall model include joint application development (JAD), rapid application 

development (RAD), synch and stabilize, build and fix, and the spiral model. 

Waterfall Model Common Error 

Common Errors in Requirements Analysis 

In the traditional waterfall model of software development, the first phase of 

requirements analysis is also the most important one. This is the phase which involves 

gathering information about the customer's needs and defining, in the clearest possible 

terms, the problem that the product is expected to solve. This analysis includes 

understanding the customer's business context and constraints, the functions the 

product must perform, the performance levels it must adhere to, and the external 

systems it must be compatible with. Techniques used to obtain this understanding 

include customer interviews, use cases, and "shopping lists" of software features. The 

results of the analysis are typically captured in a formal requirements specification, 

which serves as input to the next step. Well, at least that's the way it's supposed to 

work theoretically. In reality, there are a number of problems with this theoretical 



BCA Part-III  Paper :BCA-305 34

model and these can cause delays and knock-on errors in the rest of the process. This 

part discusses some of the more common problems that project managers  

Experience during this phase, and suggests possible solutions. 

Problem 1: Customers don't (really) know what they want  

Possibly the most common problem in the requirements analysis phase is that 

customers have only a vague idea of what they need, and it's up to you to ask the right 

questions and perform the analysis necessary to turn this amorphous vision into a 

formally-documented software requirements specification that can, in turn, be used as 

the basis for both a project plan and an engineering architecture. 

To solve this problem, you should: 

 Ensure that you spend sufficient time at the start of the project on 

understanding the objectives, deliverables and scope of the project.  

 Make visible any assumptions that the customer is using, and critically evaluate 

both the likely end-user benefits and risks of the project.  

 Attempt to write a concrete vision statement for the project, which encompasses 

both the specific functions or user benefits it provides and the overall business 

problem it is expected to solve.  

 Get your customer to read, think about and sign off on the completed software 

requirements specification, to align expectations and ensure that both parties 

have a clear understanding of the deliverable.  

Problem 2: Requirements change during the course of the project  

The second most common problem with software projects is that the requirements 

defined in the first phase change as the project progresses. This may occur because as 

development progresses and prototypes are developed, customers are able to more 

clearly see problems with the original plan and make necessary course corrections; it 

may also occur because changes in the external environment require reshaping of the 

original business problem and hence necessitates a different solution than the one 

originally proposed. 

Good project managers are aware of these possibilities and typically already have 

backup plans in place to deal with these changes.  

To solve this problem, you should: 

 Have a clearly defined process for receiving, analyzing and incorporating change 

requests, and make your customer aware of his/her entry point into this 

process.  

 Set milestones for each development phase beyond which certain changes are 

not permissible -- for example, disallowing major changes once a module 

reaches 75 percent completion.  

 Ensure that change requests (and approvals) are clearly communicated to all 

stakeholders, together with their rationale, and that the master project plan is 

updated accordingly.  
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Problem 3: Customers have unreasonable timelines  

It's quite common to hear a customer say something like "it's an emergency job and we 

need this project completed in X weeks". A common mistake is to agree to such 

timelines before actually performing a detailed analysis and understanding both of the 

scope of the project and the resources necessary to execute it. In accepting an 

unreasonable timeline without discussion, you are, in fact, doing your customer a 

disservice: it's quite likely that the project will either get delayed (because it wasn't 

possible to execute it in time) or suffer from quality defects (because it was rushed 

through without proper inspection). 

To solve this problem, you should: 

 Convert the software requirements specification into a project plan, detailing 

tasks and resources needed at each stage and modeling best-case, middle-case 

and worst-case scenarios.  

 Ensure that the project plan takes account of available resource constraints and 

keeps sufficient time for testing and quality inspection.  

 Enter into a conversation about deadlines with your customer, using the figures 

in your draft plan as supporting evidence for your statements. Assuming that 

your plan is reasonable, it's quite likely that the ensuing negotiation will be both 

productive and result in a favorable outcome for both parties.  

Problem 4: Communication gaps exist between customers, engineers and project 

managers  

Often, customers and engineers fail to communicate clearly with each other because 

they come from different worlds and do not understand technical terms in the same 

way. This can lead to confusion and severe miscommunication, and an important task 

of a project manager, especially during the requirements analysis phase, is to ensure 

that both parties have a precise understanding of the deliverable and the tasks needed 

to achieve it. 

To solve this problem, you should: 

 Take notes at every meeting and disseminate these throughout the project team.  

 Be consistent in your use of words. Make yourself a glossary of the terms that 

you're going to use right at the start, ensure all stakeholders have a copy, and 

stick to them consistently.  

Problem 5: The development team doesn't understand the politics of the 

customer's organization  

The scholars Bolman and Deal suggest that an effective manager is one who views the 

organization as a "contested arena" and understands the importance of power, conflict, 

negotiation and coalitions. Such a manager is not only skilled at operational and 

functional tasks, but he or she also understands the importance of framing agendas 

for common purposes, building coalitions that are united in their perspective, and 

persuading resistant managers of the validity of a particular position.  
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These skills are critical when dealing with large projects in large organizations, as 

information is often fragmented and requirements analysis is hence stymied by 

problems of trust, internal conflicts of interest and information inefficiencies. 

To solve this problem, you should: 

 Review your existing network and identify both the information you need and 

who is likely to have it.  

 Cultivate allies, build relationships and think systematically about your social 

capital in the organization.  

 Persuade opponents within your customer's organization by framing issues in a 

way that is relevant to their own experience.  

 Use initial points of access/leverage to move your agenda forward.  

3.0  Spiral Model 

History 

The spiral model was defined by Barry Boehm in his 1988 article A Spiral Model of 

Software Development and Enhancement. This model was not the first model to 

discuss iterative development, but it was the first model to explain why the iteration 

matters. As originally envisioned, the iterations were typically 6 months to 2 years 

long. Each phase starts with a design goal and ends with the client (who may be 

internal) reviewing the progress thus far. Analysis and engineering efforts are applied 

at each phase of the project, with an eye toward the end goal of the project. 

The Spiral Model 

The spiral model, also known as the spiral lifecycle model, is a systems 

development method (SDM) used in information technology (IT). This model of 

development combines the features of the prototyping model and the waterfall model. 

The spiral model is intended for large, expensive and complicated projects. The steps in 

the spiral model can be generalized as follows: 

1. The new system requirements are defined in as much detail as possible. This 

usually involves interviewing a number of users representing all the external or 

internal users and other aspects of the existing system. 

2. A preliminary design is created for the new system.  

3. A first prototype of the new system is constructed from the preliminary design. 

This is usually a scaled-down system, and represents an approximation of the 

characteristics of the final product. 

4. A second prototype is evolved by a fourfold procedure: (1) evaluating the first 

prototype in terms of its strengths, weaknesses, and risks; (2) defining the 

requirements of the second prototype; (3) planning and designing the second 

prototype; (4) constructing and testing the second prototype. 

5. At the customer's option, the entire project can be aborted if the risk is deemed 

too great. Risk factors might involve development cost overruns, operating-cost 
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miscalculation, or any other factor that could, in the customer's judgment, 

result in a less-than-satisfactory final product. 

6. The existing prototype is evaluated in the same manner as was the previous 

prototype, and, if necessary, another prototype is developed from it according to 

the fourfold procedure outlined above. 

7. The preceding steps are iterated until the customer is satisfied that the refined 

prototype represents the final product desired. 

8. The final system is constructed, based on the refined prototype. 

9. The final system is thoroughly evaluated and tested. Routine maintenance is 

carried out on a continuing basis to prevent large-scale failures and to minimize 

downtime. 

Applications  

For a typical shrink-wrap application, the spiral model might mean that you 

have a rough-cut of user elements (without the polished / pretty graphics) as an 

operable application, add features in phases, and, at some point, add the final 

graphics. The spiral model is used most often in large projects. For smaller projects, 

the concept of agile software development is becoming a viable alternative. The US 

military has adopted the spiral model for its Future Combat Systems program. 

Advantages of Spiral model 

1. Estimates (i.e. budget, schedule, etc.) become more realistic as work progresses, 

because important issues are discovered earlier. 

2. It is more able to cope with the (nearly inevitable) changes that software 

development generally entails. 

3. Software engineers (who can get restless with protracted design processes) can 

get their hands in and start working on a project earlier. 

Disadvantages of Spiral model 

1. Highly customized limiting re-usability  

2. Applied differently for each application 

3. Risk of not meeting budget or schedule 

4.0 Prototype Model 

A prototype is a working model that is functionally equivalent to a component of 

the product. In many instances the client only has a general view of what is expected 

from the software product. In such a scenario where there is an absence of detailed 

information regarding the input to the system, the processing needs and the output 

requirements, the prototyping model may be employed. 

This model reflects an attempt to increase the flexibility of the development process by 

allowing the client to interact and experiment with a working representation of the 

product. The developmental process only continues once the client is satisfied with the 

functioning of the prototype. At that stage the developer determines the specifications 

of the client’s real needs. 
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The process of prototyping involves the following steps: 

1. Identify basic requirements  

Determine basic requirements including the input and output information 

desired. Details, such as security, can typically be ignored.  

2. Develop Initial Prototype  

The initial prototype is developed that includes only user interfaces.  

3. Review  

The customers, including end-users, examine the prototype and provide 

feedback on additions or changes.  

4. Revise and Enhancing the Prototype  

Using the feedback both the specifications and the prototype can be improved. 

Negotiation about what is within the scope of the contract/product may be 

necessary. If changes are introduced then a repeat of steps #3 ands #4 may be 

needed.  

Advantages of Prototyping 

There are many advantages to using prototyping in software development, some 

tangible some abstract. 

Reduced time and costs: Prototyping can improve the quality of requirements and 

specifications provided to developers. Because changes cost exponentially more to 

implement as they are detected later in development, the early determination of what 

the user really wants can result in faster and less expensive software. 

Improved and increased user involvement: Prototyping requires user involvement 

and allows them to see and interact with a prototype allowing them to provide better 

and more complete feedback and specifications. The presence of the prototype being 

examined by the user prevents many misunderstandings and miscommunications that 

occur when each side believe the other understands what they said. Since users know 

the problem domain better than anyone on the development team does, increased 

interaction can result in final product that has greater tangible and intangible quality. 

The final product is more likely to satisfy the users desire for look, feel and 

performance. 

Disadvantages of Prototyping 

Using, or perhaps misusing, prototyping can also have disadvantages. 

Insufficient analysis: The focus on a limited prototype can distract developers from 

properly analyzing the complete project. This can lead to overlooking better solutions, 

preparation of incomplete specifications or the conversion of limited prototypes into 

poorly engineered final projects that are hard to maintain. Further, since a prototype is 

limited in functionality it may not scale well if the prototype is used as the basis of a 

final deliverable, which may not be noticed if developers are too focused on building a 

prototype as a model. 
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User confusion of prototype and finished system: Users can begin to think that a 

prototype, intended to be thrown away, is actually a final system that merely needs to 

be finished or polished. (They are, for example, often unaware of the effort needed to 

add error-checking and security features which a prototype may not have.) This can 

lead them to expect the prototype to accurately model the performance of the final 

system when this is not the intent of the developers. Users can also become attached to 

features that were included in a prototype for consideration and then removed from the 

specification for a final system. If users are able to require all proposed features be 

included in the final system this can lead to feature creep. 

Developer attachment to prototype: Developers can also become attached to 

prototypes they have spent a great deal of effort producing; this can lead to problems 

like attempting to convert a limited prototype into a final system when it does not have 

an appropriate underlying architecture. (This may suggest that throwaway prototyping, 

rather than evolutionary prototyping, should be used.) 

Excessive development time of the prototype: A key property to prototyping is the 

fact that it is supposed to be done quickly. If the developers lose sight of this fact, they 

very well may try to develop a prototype that is too complex. When the prototype is 

thrown away the precisely developed requirements that it provides may not yield a 

sufficient increase in productivity to make up for the time spent developing the 

prototype. Users can become stuck in debates over details of the prototype, holding up 

the development team and delaying the final product. 

Expense of implementing prototyping: the start up costs for building a development 

team focused on prototyping may be high. Many companies have development 

methodologies in place, and changing them can mean retraining, retooling, or both. 

Many companies tend to just jump into the prototyping without bothering to retrain 

their workers as much as they should. 

A common problem with adopting prototyping technology is high expectations 

for productivity with insufficient effort behind the learning curve. In addition to 

training for the use of a prototyping technique, there is an often overlooked need for 

developing corporate and project specific underlying structure to support the 

technology. When this underlying structure is omitted, lower productivity can often 

result.  

Best projects to use Prototyping 

It has been argued that prototyping, in some form or another, should be used 

all the time. However, prototyping is most beneficial in systems that will have many 

interactions with the users. 

It has been found that prototyping is very effective in the analysis and design of 

on-line systems, especially for transaction processing, where the use of screen dialogs 

is much more in evidence. The greater the interaction between the computer and the 
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user, the greater the benefit is that can be obtained from building a quick system and 

letting the user play with it.  

Systems with little user interaction, such as batch processing or systems that 

mostly do calculations, benefit little from prototyping. Sometimes, the coding needed to 

perform the system functions may be too intensive and the potential gains that 

prototyping could provide are too small. 

Prototyping is especially good for designing good human-computer interfaces. 

"One of the most productive uses of rapid prototyping to date has been as a tool for 

iterative user requirements engineering and human-computer interface design." 

Some other process models: 

Iterative Model 

An iterative lifecycle model does not attempt to start with a full specification of 

requirements. Instead, development begins by specifying and implementing just part of 

the software, which can then be reviewed in order to identify further requirements. 

This process is then repeated, producing a new version of the software for each cycle of 

the model. Consider an iterative lifecycle model which consists of repeating the 

following four phases in sequence:  

 

 
 

 A Requirements phase, in which the requirements for the software are gathered 

and analyzed. Iteration should eventually result in a requirements phase that produces 

a complete and final specification of requirements.  

A Design phase, in which a software solution to meet the requirements is 

designed. This may be a new design, or an extension of an earlier design. 

 An Implementation and Test phase, when the software is coded, Integrated 

and tested. 
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 A Review phase, in which the software is evaluated, the current requirements 

are reviewed, and changes and additions to requirements proposed. For each cycle of 

the model, a decision has to be made as to whether the software produced by the cycle 

will be discarded, or kept as a starting point for the next cycle (sometimes referred to 

as incremental prototyping). Eventually a point will be reached where the requirements 

are complete and the software can be delivered, or it becomes impossible to enhance 

the software as required, and a fresh start has to be made. The iterative lifecycle model 

can be likened to producing software by successive approximation. Drawing an analogy 

with mathematical methods that use successive approximation to arrive at a final 

solution, the benefit of such methods depends on how rapidly they converge on a 

solution. 

The key to successful use of an iterative software development lifecycle is 

rigorous validation of requirements, and verification (including testing) of each version 

of the software against those requirements within each cycle of the model. The first 

three phases of the example iterative model is in fact an abbreviated form of a 

sequential V or waterfall lifecycle model. Each cycle of the model produces software 

that requires testing at the unit level, for software integration, for system integration 

and for acceptance. As the software evolves through successive cycles, tests have to be 

repeated and extended to verify each version of the software.  

RAD Model 

RAD is a linear sequential software development process model that emphasis 

an extremely short development cycle using a component based construction 

approach. If the requirements are well understood and defines, and the project scope is 

constraint, the RAD process enables a development team to create a fully functional 

system with in very short time period. 

What is RAD? 

RAD (rapid application development) is a concept that products can be developed 

faster and of higher quality through: 

 Gathering requirements using workshops or focus groups  

 Prototyping and early, reiterative user testing of designs  

 The re-use of software components  

 A rigidly paced schedule that defers design improvements to the next product 

version  

 Less formality in reviews and other team communication  

Some companies offer products that provide some or all of the tools for RAD software 

development. (The concept can be applied to hardware development as well.) These 

products include requirements gathering tools, prototyping tools, computer-aided 

software engineering tools, language development environments such as those for the 

Java platform, groupware for communication among development members, and 

testing tools. RAD usually embraces object-oriented programming methodology, which 
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inherently fosters software re-use. The most popular object-oriented programming 

languages, C++ and Java, are offered in visual programming packages often described 

as providing rapid application development.  

5.0 Error and Effort Distribution 

Error Distribution: 

 The notion that programming is the central of activity during software 

development is largely because normally programming has been considered to be 

difficult task and sometimes an "art". Another consequence of this kind of thinking is 

the belief that errors largely occur during programming, as it is the oldest activity in 

software development and offers many opportunities for committing errors. It is now 

realized that errors can occur at any stage during development. A typical distribution 

of error occurrences by is: 

Requirement Analysis - 20% 

Design - 30% 

Coding - 50% 

 As we can see, errors occur throughout the development process. However the 

cost of correcting different phases is not the same and depends on when the error is 

detected and corrected. As one old expect, the greater the delay in detecting an error 

after it occurs, the more expensive it is to correct it. Error that occur during the 

requirements phase, if corrected after coding is completed, can cost many times more 

than correcting the error during the requirements phase itself. The reason for this is 

fairly obvious. If there is an error in the requirements, then the design and the code 

will get affected. 

 To correct the error, the coding that is done would require both the design and 

the code to be changed there by increasing the correction. So we should attempt to 

detect errors in the previous phase and should not wait until testing to detect errors. 

This is not often practiced. In reality, sometimes testing is the sole point where errors 

are detected. Besides the cost factor, reliance on testing as the primary source for error 

detection, due to the limitations of testing, will also result in unreliable software. Error 

detection and correction should be a continuous process that is done throughout 

software development. In terms of the development phases what this means is that we 

should try to validate each phase before starting with the next. 

Effort Distribution: 

In small software development project a single person can analyze requirements, 

perform design, generate code, and conduct tests. As the size of a project increases, 

more people must become involved.There are different software project estimation 

techniques which leads to estimates of work units (e.g., person-months) required to 

complete software development. A recommended distribution of effort across the 

definition and development phases is often referred to as the 40–20–40 rule.7 Forty 

percent of all effort is allocated to front-end analysis and design. A similar percentage 
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is applied to back-end testing. You can correctly infer that coding (20 percent of effort) 

is de-emphasized. This effort distribution should be used as a guideline only. The 

characteristics of each project must dictate the distribution of effort. Work expended on 

project planning rarely accounts for more than 2–3 percent of effort, unless the plan 

commits an organization to large expenditures with high risk. Requirements analysis 

may comprise 10–25 percent of project effort. Effort expended on analysis or 

prototyping should increase in direct proportion with project size and complexity. A 

range of 20 to 25 percent of effort is normally applied to software design. Time 

expended for design review and subsequent iteration must also be considered. Because 

of the effort applied to software design, code should follow with relatively little 

difficulty. A range of 15–20 percent of overall effort can be achieved. Testing and 

subsequent debugging can account for 30–40 percent of software development effort. 

The criticality of the software often dictates the amount of testing that is required. If 

software is human rated (i.e., software failure can result in loss of life), even higher 

percentages are typical.  

6.0  Role of Metrics 

 Software Metric is a quantative measure fo the degree to which a system, 

component or a process possess a given attribute. The basic purpose of metrics at any 

point during a development project is to provide quantitative information to the 

management process so that the information can be used to effectively control the 

development process. Unless the metric is useful in some form to monitor or control 

the cost, schedule, or quality of the project, it is of little use for a project. There are 

very few metrics that have been defined for requirements, and little work has been 

done to study the relationship between the metric values and the project properties of 

interest. This says more about the state of the art of software metrics, rather than the 

usefulness of having such metrics. Let us now discuss some of the metrics and how 

they can be used. 

6.1 Size-Function Points 

 A major problem after requirements are done is to estimate the effort and 

schedule for the project. For this, some metrics are needed that can be extracted from 

the requirements and used to estimate cost and schedule (through the use of some 

model). As the primary factor that determines the cost (and schedule) of a software 

project is its size, a metric that can help get an idea of the size of the project will be 

useful for estimating cost. This implies that during the requirement phase measuring 

the size of the requirement specification itself is pointless, unless the size of the SRS 

reflects the effort required for the project. This also requires that relationships of any 

proposed size measure with the ultimate effort of the project be established before 

making general use of the metric.  

 A commonly used size metric for requirements is the size of the text of the SRS. 

The size could be in number of pages, number of paragraphs, number of functional 
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requirements, etc. As can be imagined, these measures are highly dependent on the 

authors of the document. A verbose analyst who likes to make heavy use of 

illustrations may produce an SRS that is many times the size of the SRS of a terse 

analyst. Similarly, how much an analyst refines the requirements has an impact on the 

size of the document. Generally, such metrics cannot be accurate indicators of the size 

of the project. They are used mostly to convey a general sense about the size of the 

project. " 

 Function points are one of the most widely used measures of software size. The 

basis of function points is that the "functionality" of a system, that is, what the system 

performs, is the measure of the system size. As functionality is independent of how the 

requirements of the system are specified, or even how they are eventually implemented, 

such a-measure has a nice property of being dependent solely on the system 

capabilities. In function points, the system functionality is calculated in terms of the 

number of functions it implements, the number of inputs, the number of outputs, etc. 

parameters that can be obtained after requirements analysis and that are independent 

of the specification (and implementation) language. 

 The original formulation for computing the function points uses the count of five 

different parameters, namely, external input types, external output types, logical in-

ternal file types, external interface file types and external inquiry types. According to 

the function point approach, these five parameters capture the entire functionality of a 

system. However, two elements of the same type may differ in their complexity and 

hence should not contribute the same amount to the "functionality" of the system. To 

account for complexity, each parameter in a type is classified as simple, average, or 

complex. 

 Each unique input (data or control) type that is given as input to the application 

from outside is considered of external input type and is counted. An external input type 

is considered unique if the format is different from others or if the specifications 

require a different processing for this type from other inputs of the same format. The 

source of the external input can be the user, or some other application, files. An 

external input type is considered simple if it has a few data elements and affects only a 

few internal files of the application. It is considered complex if it has many data items 

and many internal logical files are needed for processing them. The complexity is 

average if it is in between. Note that files needed by the operating system or the 

hardware (e.g., configuration files) are not counted as external input files because they 

do not belong to the application but are needed due to the underlying technology. 

 Similarly, each unique output that leaves the system boundary is counted as an 

external output type. Again, an external output type is considered unique if its format 

or processing is different. Reports or messages to the users or other applications are 

counted as external input types. The complexity criteria are similar to those of the 

external input type. For a report, if it contains a few columns it is considered simple, if 
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it has multiple columns it is considered average, and if it contains complex structure of 

data and references many files for production, it is considered complex. 

 Each application maintains information internally for performing its functions. 

Each logical group of data or control information that is generated, used, and 

maintained by the application is counted as a logical internal file type. A logical internal 

file is simple if it contains a few record types, complex if it has many record types and 

average if it is in between. 

 Files that are passed or shared between applications are counted as external 

interface file type. Note that each such file is counted for all the applications sharing it. 

The complexity levels are defined as for logical internal file type. 

 A system may have queries also, where a query is defined as an input-output 

combination where the input causes the output to be generated almost immediately. 

Each, unique input-output pair is counted as an external inquiry type. A query is 

unique if it differs from others in format of input or output or if it requires different 

processing. For classifying the query type, the input and output are classified as for 

external input type and external output type, respectively. The query complexity is the 

larger of the two. 

 Each element of the same type and complexity contributes a fixed and same 

amount to the overall function point count of the system (which is a measure of the 

functionality of the system), but the contribution is different for the different types, and 

for a type, it is different for different complexity levels. The amount of contribution of 

an element is shown in Table 1.1:    

 

Table 1.1 

Function Type Simple Average Complex 

External input 3 4 6 

External output 4 5 7 

LOgical internal file 7 10 15 

External interface file 5 7 10 

External inquiry 3 4 6 

 

 Once the counts for all five different types are known for all three different 

complexity classes, the raw or unadjusted function point (UFP) can be computed as a 

weighted sum as follows: 

          i=5    j=3 

UFP = ∑ ∑ wij Cij 

          i=1  j=1 

    

 Where i reflects the row and j reflects the column in Table 1.1; Wij is the entry in 

the ith row and jth column of the table (i.e., it represents the contribution of an 
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element of the type i and complexity j); and Cij is the count of the number of elements 

of type i that have been classified as having the complexity corresponding to column j. 

 Once the UFP is obtained, it is adjusted for the environment complexity. For 

this, 14 different characteristics of the system are given. These are data 

communications, distributed processing, performance objectives, operation 

configuration load, transaction rate, on-line data entry, end user efficiency, on-line 

update, complex processing logic, re-usability, installation ease, operational ease, 

multiple sites, and desire to facilitate change. The degree of influence of each of these 

factors is taken to be from 0 to 5, representing the six different levels: not present (0), 

insignificant influence (1), moderate influence (2), average influence (3), significant 

influence (4), and strong influence (5). The 14 degrees of influence for the system are 

then summed, giving a total N (N ranges from 0 to 14*5=70). This N is used to obtain a 

complexity adjustment factor (CAF) as follows: 

CAF = 0.5 + 0.01N. 

 With this equation, the value of CAF ranges between 0.65 and 1.35. The 

delivered function points (DFP) are simply computed by, multiplying the UFP by CAP. 

That is, 

Delivered Function Points = CAF* Unadjusted Function Points. 

 As we can see, by adjustment for environment complexity, the DFP can differ 

from the UFP by at most 35%. The final function point count for an application is the 

computed DFP. 

 Function points have been used as a size measure extensively and have been 

used for cost estimation. Studies have also been done to establish correlation between 

DFP and the final size of the software (measured in lines of code.) 

 As can be seen from the manner in which the functionality of the system is 

defined, the function point approach has been designed for the data processing type of 

applications. For data processing applications, function points generally perform very 

well and have now gained a widespread acceptance. For such applications, function 

points are used as an effective means of estimating cost and evaluating productivity. 

However, its utility as a size measure for nondata processing types of applications (e.g., 

real-time software, operating systems, and scientific applications) has not been well 

established, and it is generally believed that for such applications function points are 

not very well suited. 

 A major drawback of the function point approach is that the process of 

computing the function points involves subjective evaluation at various points and the 

final computed function point for a given SRS may not be unique and ca14depend on 

the analyst. Some of the places where subjectivity enters are: (1) different 

interpretations of the SRS (e.g., whether something should count as an external input 

type or an external interface type; whether or not something constitutes a logical 

internal file; if two reports differ in a very minor way should they be counted as two or 



BCA Part-III  Paper :BCA-305 47

one); (2) complexity estimation of a user function is totally subjective and depends 

entirely on the analyst (analyst may classify something as complex while someone else 

may classify it as average) and complexity can have a substantial impact on the final 

count as the weighs for simple and complex frequently differ by a factor of 2; and (3) 

value judgments for the environment complexity. These factors make the process of 

function point counting somewhat subjective. Organizations that use function points 

try to specify a more precise set of counting rules in an effort to reduce this 

subjectivity. It has also been found that with experience this subjectivity is reduced. 

Overall, despite this subjectivity, use of function points for data processing 

applications continues to grow. 

 The main advantage of function points over the size metric of KLOC, the other 

commonly used approach, is that the definition of DFP depends only on information 

available from the specifications, whereas the size in KLOC cannot be directly deter-

mined from specifications. Furthermore, the DFP count is independent of the language 

in which the project is implemented. Though these are major advantages, another 

drawback of the function point approach is that even when the project is finished, the 

DFP is not uniquely known and has subjectivity. This makes building of models for 

cost estimation hard, as these models are based on information about completed 

projects (cost models are discussed further in the next-chapter). In addition, 

determining the DFP from either the requirements or a completed project cannot be 

automated. That is, considerable effort is required to obtain the size, even for a 

completed project. This is a drawback compared to KLOC measure, as KLOC can be 

determined uniquely by automated tools once the project is completed. 

6.2 Quality Metrics 

 The quality of the SRS has direct impact on the cost of the project. Hence, it is 

important to ensure that the SRS is of good quality. For this, some quality metrics are 

needed that can be used to assess the quality of the SRS. Quality of an SRS can be 

assessed either directly by evaluating the quality of the document by estimating the 

value of one or more of the quality attributes of the SRS, or indirectly, by assessing the 

effectiveness of the quality control measures used in the development process during 

the requirements phase. Quality attributes of the SRS are generally hard to quantify, 

and little work has been done in quantifying these attributes and determining 

correlation with project parameters. Hence, the use of these metrics is still limited. 

However, process-based metrics are better understood and used more widely for 

monitoring and controlling the requirements phase of a project. . 

 Number of errors found is a process metric that is useful for assessing the 

quality of requirement specifications. Once the number of errors of different categories 

found during the requirement review of the project is known, some assessment can be 

made about the SRS from the size of-the. project and historical data. This assessment 

is possible if the development process is under statistical control. In this situation, the 
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error distribution during requirement reviews of a project will show a pattern similar to 

other projects executed following the same development process. From the pattern of 

errors to be expected for this process and the size of the current project (say, in 

function points), the volume and distribution of errors expected to be found during 

requirement reviews of this project can be estimated. These estimates can be used for 

evaluation. 

 For example, if much fewer than expected' errors were detected, it means that 

either the SRS was of very high quality or the requirement reviews were not careful. 

Further analysis can reveal the true situation. If too many clerical errors were detected 

and too few omission type errors were detected, it might mean that the SRS was 

written poorly or that the requirements review meeting could not focus on "larger 

issues" and spent too much effort on "minor" issues. Again, further analysis will reveal 

the true situation. Similarly, a large number of errors that reflect ambiguities in the 

SRS can imply that the problem analysis has not been done properly and many more 

ambiguities may still exist in the SRS. Some project management decision to control 

this can then be taken (e.g., build a prototype or do further analysis). 

 Clearly, review data about the number of errors and their distribution can be 

used effectively by the project manager to control quality of the requirements. From the 

historical data, a rough estimate of the number of errors that remain in the SRS after 

the reviews can also be estimated. This can be useful in, the rest of the development 

process as it gives some handle on how many requirement errors should be revealed by 

later quality assurance activities. 

 Requirements rarely stay unchanged. 'Change requests come from the clients 

(requesting added functionality, a new report, or a report in a different format, for 

example) or from the developers (infeasibility, difficulty in implementing, etc. Change 

request frequency can be used as a metric to assess the stability of the requirements 

and how many changes in requirements to expect during the later stages. 

 Many organizations have formal methods for requesting and incorporating 

changes in requirements. We have earlier seen a requirements change management 

process. Change data can be easily extracted from these formal change approval 

procedures. The frequency of changes can also be plotted against time. For most 

projects, the frequency decreases with time. This is to be expected; most of the changes 

will occur early, when the requirements are being analyzed and understood. During the 

later phases, requests for changes should decrease. 

 For a project, if the change requests are not decreasing with time, it could mean 

that the requirements analysis has not been done properly. Frequency of change 

requests can also be used to "freeze" the requirements-when the frequency goes below 

an acceptable threshold, the requirements can be considered frozen and the design can 

proceed. The threshold has to be determined based on experience and historical data. 
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7.0  Summary: 

In this lesson we have studied the various process models which are used 

during the development process of software, such as Waterfall model, Spiral model, 

Prototyping model etc. We have also studied the tools and techniques for process 

modeling. 

 

8.0  Self Check Exercise: 

Q: Write detailed notes on the following: 

 Waterfall model 

 Spiral model 

 Prototyping model 

 

9.0  Suggested readings 
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1.  Management Functions 

Management can be defined informally as the art of getting work done through other 

people. But a more classic definition that allows a systematic study of the subject is 

the following from Koontz: 

The creation and maintenance of an internal environment in an 

enterprise where individuals, working together in groups, can perform 

efficiently and effectively toward the attainment of group goals. 

Thus, the main job of management is to enable a group of people to work towards a 

common goal. Management is not an exact science and the many activities involved 

in it may be classified according to many different schemes. It is standard, however, 

to consider management as consisting of the following five interrelated activities, the 

goal of which is to achieve effective group work: 

 Planning. A manager must decide what objectives are to be achieved, what 

resources are required to achieve the objectives, how and when the resources 

are to be acquired, and how the goals are to be achieved. Planning basically 

involves determining the flow of information, people, and products within the 

organization. 
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 Organizing. Organizing involves the establishment of clear lines of authority 

and responsibility for groups of activities that achieve the goals of the 

enterprise. Organizing is necessary at the level of a small group, such as a 

five-person team of software engineers, all the way up to a large corporation 

composed of several independent divisions. The choice of the organizational 

structure affects the efficiency of the enterprise. Clearly, the best 

organizational structure can be devised only when the goals of the enterprise 

are clear, and this depends on effective planning. 

 Staffing. Staffing deals with hiring personnel for the positions that are 

identified by the organizational structure. It involves defining requirements for 

personnel; recruiting (identifying, interviewing, and selecting candidates); 

compensating, developing, and promoting employees.  

 Directing. Directing involves leading subordinates. The goal of directing is to 

guide the subordinates to understand and identify with the organizational 

structure and the goals of the enterprise. This understanding must be 

continuously refined by effective and exemplary leadership. Setting examples 

is especially important in software engineering, where measures of good 

engineering are lacking. The best training for a beginning engineer is to work 

alongside a good engineer. 

 Controlling. Controlling consists of measuring and correcting activities to 

ensure that goals are achieved. Controlling requires the measurement of 

performance against plans and taking corrective action when deviations occur.  

These general functions of management apply to any management activity, 

whether in a software engineering organization, an automobile manufacturing plant, 

or a boy scout group. 

2.  Project planning 

The first component of software engineering project management is effective planning 

of the development of the software. The first step in planning a project is to define 

and document the assumptions, goals and constraints of the project. A project needs 

a clear statement of goals to guide the engineers in their daily decision making. Many 

engineers on typical projects spend many hours discussing alternatives that are 

known clearly to the project manager, but have not been documented or 

disseminated properly. The goal of the project planning stage is to identify all the 

external requirements for and constraints on the project. 

Once the external constraints have been identified, the project manager must come 

up with a plan for how best to meet the requirements within the given constraints. 

One of the questions at this stage is what process model will serve the project best. 

Another critical decision is to determine the resources required for the project. The 

resources include the number and skill level of the people, the amount of computing 
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resources (e.g. workstations, personal computers, and data-base software). Unlike 

traditional engineering disciplines, where one has to budget for material, the "raw 

material" used in software is mainly the engineer's brain power. Thus, the cost of a 

software project is directly proportional to the number of engineers needed for the 

project. The problem of predicting how many engineers and other resources are 

needed for a given software project is known as software cost estimation. 

Forecasting how many engineers will be needed is a difficult problem that is 

intimately tied to the problem of how to estimate the productivity of software 

engineers. There are two parts to the forecasting problem: estimating the difficulty of 

the task and estimating how much of the task each engineer can solve. Clearly, to 

estimate the difficulty of the task, one must know what the task is-that is, it is often 

difficult to specify the software requirement completely. 

Incomplete and imprecise requirements hinder accurate cost estimation. The clearer 

and more complete the requirements are, the easier it is to determine the resources 

required. But even when the requirements are clear, estimating the number of 

engineers needed is a formidable task with inherent difficulties. The best approach is 

to develop the resource requirements incrementally, revising current estimates as 

more information becomes available. We have seen that an appropriate adaptation of 

the spiral model allows one to start with an estimate in the early planning stages and 

revise the estimate for the remaining tasks at the conclusion of each iteration of the 

particular phase of the life cycle. 

How long it will take a software engineer to accomplish a given task is primarily a 

function of the complexity of the problem, the engineer's ability, the design of the 

software, and the tools that are available. For example, adding an undo facility to an 

editor may require adding a new module or a complete redesign, depending on the 

current design of the editor. Similarly, writing a front-end parser for a system may be 

a simple task for an engineer who is familiar with parsing technology, but an 

extremely difficult task for an engineer who is unaware of, and thus tries to reinvent, 

the parsing technology. Finally, writing a compiler with compiler development tools is 

a lot easier than writing it without them. 

We have already observed that management decisions have a strong impact on the 

technical aspects of a project. We can see another example of this in the interplay 

between management planning and the entire software life cycle. For example, the 

choice of an evolutionary process model will impose a different kind of resource 

planning from a waterfall model. While an evolutionary model allows the manager to 

do resource planning incrementally as more information becomes available, it also 

requires more flexibility from the manager. Similarly, an incremental model will affect 

the resource loading for the different phases of the project, such as design and 

testing, because the phases are iterated incrementally. In general, there is a strong 
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interplay between management functions and the technical aspects of a software 

engineering project. 

2.1  Software Productivity 

One of the basic requirements of management in any engineering discipline is to 

measure the productivity of the people and processes involved in production. The 

measurements obtained are used during the planning phase of a project as the basis 

for estimating resource requirements; they also form the basis for evaluating the 

performance of individuals, processes, and tools, the benefits of automation, etc. The 

ability to quantify the impact of various factors on productivity is important if we 

want to evaluate the many claims made for various "productivity improvement" tools. 

Indeed, there is an economic need for continued improvements in productivity. Of 

course, we can be sure that we are making improvements only if we can measure 

productivity quantitatively. Unfortunately, few, if any, claims made about tools that 

improve software productivity are based on quantitative measurements. 

2.1.1  Productivity metrics 

We clearly need a metric for measuring software productivity. In manufacturing-

dominated disciplines such as automobile or television production, there are simple 

and obvious metrics to use. For instance, a new manufacturing process that doubles 

the number of television sets produced per day has doubled the productivity of the 

factory. By taking into account the costs of the new process, we can determine 

whether adopting the new process was cost effective. 

The situation is not so simple in a design-dominated discipline like software 

engineering. To begin with, there is the problem that software does not scale up. For 

example, the typical productivity figure reported for professional software engineers is 

a few tens of lines of code per day. If we compare this number with the productivity 

exhibited on a student project, even beginning students appear to be much more 

productive than professionals if we simply extrapolate from what they produce on a 

simple homework project. 

There are, however, several obvious reasons why a professional's productivity 

appears to be less than a student's. First, students work longer hours, especially 

when a project is due. Second, professionals don't spend the majority of their time in 

strictly engineering activities: up to half their time may be taken up by meetings, 

administrative matters, communication with team members, etc. One study showed 

that up to 40% of a typical workweek is spent on nontechnical work. This implies 

that the larger a programming team becomes, the lower the individual productivity 

figures will be. Third, the professional has to meet more quality requirements than 

the student: reliability, maintainability, performance, etc. Fourth, the inherent 

complexity of the application affects the programmer's productivity. For example, 

experience has shown that programmers developing application programs produce as 
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much as three times as many lines per day as programmers working on systems 

programs. 

An ideal productivity metric measure not lines of code but the amount of 

functionality produced per unit time. The problem, however, is that we have no good 

way of quantifying the concept of functionality. For example, how can we relate the 

functionality offered by a payroll system to that offered by an air-traffic monitoring 

system? We need to either find a measure that somehow takes into account the 

inherent complexities of the different application areas or develop metrics that are 

specialized to different application areas. One such metric, developed for information 

systems, is called function points and is described in the next subsection. 

Because of the difficulty of quantifying functionality, the search for productivity 

metric has for the most part concentrated on the most tangible product of software 

engineering: the actual code produced by the engineer. Various metrics based on 

code size have been developed. These will be discussed below, following our 

discussion of function points. 

Function points 

Function points attempt to quantify the functionality of a software system. The goal 

is to arrive at a single number that completely characterizes the system and 

correlates with observed programmer productivity figures. Actually, the function 

point characterizes the complexity of the software system and thus can be used to 

forecast how long it will take to develop the system and how many people will be 

needed to do it. 

The function point method was derived empirically, and the limited amount of 

experimentation to date shows that it applies well in business applications, e.g., 

information systems. For example, using the function point as productivity metric, it 

has been possible to quantify improvements in productivity due to such factors as 

the use of structured programming and high-level languages. We can measure 

programmer productivity in terms of the number of function points produced per unit 

time. 

According to the function point method, five items determine the complexity of an 

application and the function point of given software is the weighted sum of these five 

items. The weights for these items have been derived empirically and validated by 

observation on many projects. The items and their weights are shown in Table 1. 

The number of inputs and outputs count the distinct number of items that the user 

Provides to the system and the system provides to user, respectively. In counting the 

number of outputs, a group of items such as a screen or a file counts as one item-

that is, the individual items in the group are not counted separately. The number of 

inquiries is the number of distinct interactive queries made by the user that require 

specific action by the system. Files are any group of related information that is 



BCA Part-III  Paper : BCA-305 55

maintained by the application on behalf of the user or for organizing the application. 

This item reveals the bias of the method towards business data processing. Finally, 

the number of interfaces is the number of external interfaces to other systems, e.g., 

the number of files to be read or written to disk or transmitted or received from other 

systems. Therefore, if the application reads a file that is produced by another 

application, the file is counted twice, once as input and once as an interface. If a file 

is maintained by two different applications, it is counted as an interface for each 

application. The focus of function point analysis is to measure the complexity of an 

application based only on the function the application is supposed to provide to 

users. Therefore, any temporary files produced by the application are not counted in 

the measure; only those files that are visible or required by the user are so counted. 

Item Weight 

Number of inputs  

Number of outputs  

Number of inquiries  

Number of files  

Number of interface 

4 

5 

4 

10 

7 
 

Table 1 Function point items and weights. 
 

Once we have a metric, we can use it in many ways. For example, we can compute 

the productivity of an engineer or a team per month by dividing the function point for 

an existing software by the number of months it took to develop the software. Or we 

can divide the amount of money spent to produce the software by the function point 

to compute how much each function point costs. Or again, we can measure the error 

rate per function point by dividing the number of errors found by the function point. 

These function point-related numbers can be recorded and used as bases for future 

planning or interproject comparisons. If the function point is an accurate description 

of product complexity, the numbers should be similar across different projects. 

Code size 

Since software engineers are supposed to produce software, the most tangible 

product of software engineering is the running software that they deliver to their 

clients. This has led many people to use the size of the software as a measure of 

productivity. Of course the size of the software is not necessarily an indication of how 

much effort went into producing it, and a programmer that produces twice as many 

statements as another is not necessarily twice as productive. In general, the size of 

code is not a measure of any quality: a program that is twice as big as another is not 

necessarily twice as good in any sense. Nevertheless, the most commonly used 

metrics to measure productivity are based on code size, for example, in terms of 

number of source lines produced per unit time 
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Of course, a code size metric has to be qualified immediately by considering the same 

issues: Should we count comment lines? Should we count programming language 

"statements" or simply the number of line feeds? How many times should we count 

the lines in a file that is "included" several times? And should we count declarations 

or just executable statements? By choosing answers to these questions, we arrive at a 

particular productivity metric based on code size. 

Two of the most common code size metrics are DSI (delivered source instructions) in 

which only lines of code delivered to the customer are counted, and NCSS (non-

commented source statements), in which comment lines are not counted. We will use 

the generic unit, KLOC (thousands of lines of code), when we do not want to 

distinguish between the specific metrics. 

Lines of code have been used as productivity metric in many organizations. The 

acceptance of this metric is due to the ease of measuring it and probably also due to 

the fact that using any metric is better than using nothing at all. But at the same 

time, we must be cognizant of the many problems associated with the measure. At 

the heart of the problem is that there is no semantic content to code size; rather, it is 

merely a function of the form of software. The following observations show some of 

the deficiencies inherent in the metric. 

Consider two programmers faced with the task of programming a module that needs 

a sort operation internally. One programmer writes his own sort routine, and the 

other uses her time to find out how to use an existing sort routine in the system 

library. Even though both accomplish the same task, the use of the library routine is 

generally a better idea for many reasons: over the life of the software, the library 

routine has less chances of containing errors and is better tested; it allows the 

programmer to concentrate on the real problems she is trying to solve and perhaps 

gain better insight into the application rather than code a sorting routine, etc. Yet, 

the size metric penalizes the use of the library routine because it recognizes the other 

programmer as more productive! In general, the size-based metric has the 

unfortunate effect of equating software reuse with lower productivity. 

When using lines of code as productivity metric, it is important to know what lines 

are being counted in order to be able to make accurate comparisons between 

individuals, projects, or organizations. For example, an organization may produce 

many software tools to support the development of a particular project. These tools 

may become useful to many other projects in the organization, but are not delivered 

to the customer as part of the product. Should these programs be counted in the 

measurements? A commonly adopted convention is to count only the lines of code 

that are delivered to the customer. To emphasize this decision, the models that use 

the convention refer to the measure as KDSI-thousands of delivered source 

instructions. 
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Using DSI as a measure does not mean that producing internal tools is a worthless 

activity. In any engineering activity, investments in tools and a support infrastructure 

are needed to improve productivity. The DSI measure focuses on the objective of the 

engineering organization and separates the effort involved in building internal tools 

from that involved in building the product itself. In other engineering disciplines, too, 

productivity is measured in terms of the final product, not the intermediate "mock-

ups." 

Another point to consider when comparing the productivity figures reported by 

different organizations is whether the reported figures include the effect of cancelled 

projects. For various reasons, many projects are cancelled in organizations before 

they produce and deliver a product. Whether the lines of code of these cancelled 

projects are counted in the overall productivity of the organization has a material 

effect on the productivity figure. Such cancellations also have a secondary impact on 

the motivational attitude of engineers in the organization and thus affect overall 

productivity. Whatever criteria are used for measurement, comparison of figures is 

possible only if the criteria are applied consistently. Since there are no standard 

metrics, the use and interpretation of available productivity data in the literature 

must be examined with-care. 

Finally, lines of code are tied to line-oriented languages and are inherently incapable 

of dealing with the emerging visual languages in which the programmer uses 

diagrams or screen panels rather than statements. 

2.1.2  Factors affecting productivity 

Regardless of what metric we use for productivity, even if we simply have an intuitive 

notion, there are factors that affect engineering productivity. One of the important 

effects of productivity metric is that it allows the benefits of the various factors to be 

quantified. By identifying the major contributors to productivity, organizations can 

determine quantitatively whether they can afford to change their practices, that is, 

whether the improvements in productivity are worth the expenses. For example, will 

changing to a new programming language, or adopting a new development process, 

or hiring an efficiency expert, or giving the engineers a private office, or allowing them 

to work at home increase productivity sufficiently to justify the expenses? 

In one study that used lines of code as a metric, it was found that the single most 

important factor affecting productivity was the capability of the personnel; half as 

important, but second on the list, was the complexity of the product, followed by 

required reliability and timing constraints (i.e., as in real-time software). The least 

important items on the list were schedule constraints and language experience. The 

effects of these various factors on productivity are reflected in the "cost driver 

functions" used in cost estimation models, such as the COCOMO model which we 

will see later. 
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Many managers believe that an aggressive schedule motivates the engineers to do a 

better, faster job. However, experiments have shown that unrealistically aggressive 

schedules not only cause the engineers to compromise on intangible quality aspects, 

but also cause schedule delays. A surprising finding was that in a controlled 

experiment, the subjects who had no schedule at all finished their project first, 

beating out both the group that had an aggressive schedule and the one that had a 

relaxed schedule. It has been shown that engineers, in general, are good at achieving 

the one tangible goal that they have been given: if the primary goal is to finish 

according to a given time schedule, they usually will-but at the cost of other goals 

such as clarity of documentation and structure.          

A specific example of the effect of overly aggressive scheduling can be seen when 

design reviews are scheduled far too early in the development cycle. While the 

manager may want to motivate the engineers to do the job in a shorter time, such 

premature design reviews force the designer to document only issues that are well 

understood and deny the reviewers an opportunity to provide useful feedback 

There are many intangible factors that affect productivity and reduce the credibility of 

the published numbers. Examples of these intangible factors are personnel turnover, 

cancelled projects, reorganizations, and restructuring of systems for better quality. 

2.2  People and Productivity 

Because software engineering is predominantly an intellectual activity, the most 

important ingredient for producing high-quality software efficiently is people. As we 

mentioned in the last section, experimental evidence shows that the most 

determinative factor of productivity is the capability of the engineers. Despite the 

intuitive appeal of this notion and strong supporting empirical evidence, however, 

many managers and organizations consistently behave as if they did not believe it. 

Considering the main difference in software engineering competence between the best 

and the worst engineers and the critical importance of engineering competence in 

attaining high software productivity, the costs of hiring, retaining, and motivating the 

best engineers can be justified on economic ground. 

Yet, a common misconception held by managers, as evidenced in their staffing, 

planning, and scheduling practices, is that software engineers are interchangeable 

that is that one software engineer is as productive as another. In fact experiments 

have revealed a large variability in productivity between the best, the average, and 

the worst engineers. The worst engineers even reduce the productivity of the team. 

Apart from engineering capability, however, because of the strong amount of 

interaction required among team members, the personalities of the members also 

should be taken into account. Some engineers function better on centrally controlled 

teams while others are better suited for teams with decentralized control. In short, 

engineers are simply not interchangeable, due to underlying reasons that have to do 
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with both technical ability and personality.  

Another common management practice that fails to recognize the importance of 

people in the software engineering process is that managers often staff a project with 

the best available people rather than attempt to find the best people per se. 

considering the   strong impact of personnel capability on software costs; this is a 

foolish thing to do. In  effect, by assigning ill-prepared engineers to a project, the 

manager is committing the organization to a training period for these engineers. 

Since this commitment is unintentional and the training haphazard, there is a strong 

risk that the training will be ineffective and the project unsuccessful or at least late. 

The way to solve the Problem of finding appropriate people must be faced 

deliberately: one must schedule the training period as a required task and train the 

people appropriately, hire outside consultants and control the project closely, 

perhaps by scheduling frequent incremental deliveries. The point is to recognize the 

utter importance of key personnel to an intellectual project such as software 

engineering. 

2.3  Cost Estimation  

Cost estimation is part of the planning stage of any engineering activity. The 

difference in cost estimation between software engineering and other disciplines is 

that in software engineering the primary cost is for people. In other engineering 

disciplines the cost of materials-chips, bricks, or aluminum, depending on the 

activity-is a major component of the cost that must be estimated. In software 

engineering, to estimate the cost we only have to estimate how many engineers are 

needed.  

Software cost estimation has two uses in software project management. First during 

the planning stage, one needs to decide how many engineers are needed for the 

project and develop a schedule. Second, in monitoring the project's progress, one 

need to access whether the project is progressing according to schedule and take 

corrective action if necessary. In monitoring progress, the manager needs to ascertain 

how much work has already been accomplished and how much is left to do. Both of 

these tasks require a metric for measuring "software work accomplishment." 

 

Group      Factor 
 

Size Attributes    Source Instruction 

      Object Instruction 

      Number of routines 

      Number of data items 

      Number of output formats 

      Documentation   

      Number of personnel 
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Programme Attributes   Type 

      Complexity 

      Language 

      Reuse 

      Required reliability 

      Display requirements 

 

Computer attributes    Time Constraint 

      Storage constraint 

Hardware configuration 

      Concurrent h/w development 

      Interfacing equipment, s/w 

 

Personal attributes    Personnel capability 

      Personnel continuity 

      Hardware experience 

      Application experience 

      Language experience 

 

Project attributes    Tools and techniques 

      Customer interface 

      Requirements definition 

      Requirements volatility 

      Schedule 

      Security 

      Computer access 

      Travel/rehosting/multi-site 

      Support software maturity 
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Table : 2 Factors used in cost estimation models 

 
2.3.1  Predictive models of software cost 

While lines of code are not an ideal metric of productivity, they do seem like an 

appropriate metric for the total life cycle costs of software. That is, the size of an 

existing piece of software is a good measure of how hard it is to understand and 

modify that software during its maintenance phase. Furthermore, if we could predict 

how large a software system was going to be before developing it, that size could be 
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used as a basis for determining how much effort would be required, how many 

engineers would be needed, and how long it would take to develop the software. That 

is, the size of the software can help us infer not just the initial development cost, but 

also the costs associated with the later stages of the life cycle. 

The majority of software cost estimation methods thus start by predicting the 

size of the software and using that as input for deriving the total effort required, the 

required effort during each phase of the life cycle, personnel requirements, etc. The 

size estimate drives the entire estimation process. Inferring this initial estimate and 

assessing its reliability can be considerably simpler if the organization maintains a 

data base of information about past projects. 

We can also base the initial estimate on an analytical technique such as 

function point analysis. We first compute the function point for the desired software 

and then divide it by the number FP/LOC for the project's programming language to 

arrive-at a size estimate. 

 

 

Besides basing the estimation of effort on code size, most cost estimation 

models share certain other concepts. The purpose of a software cost model is to 

predict the total development effort required to produce a given piece of software in 

terms of the number of engineers and length of time it will take to develop the 

software. The general formula used to arrive at the nominal development effort is 

 
That is, the nominal number of programmer-months is derived on the basis of the 

number of lines of code. The constants c and k are given by the model. The exponent 

k is greater than 1, causing the estimated effort to grow nonlinearly with the code 

size. To take into account the many variables that can affect the productivity of the 

project, so-called cost drivers are used to scale this initial estimate of effort. For 

example, if modern programming practices are being used, the estimate is scaled 

downward; if there are realtime reliability requirements, the estimate is scaled 

upward. The particular cost-driver items are determined and validated empirically. In 

general, the cost drivers can be classified as being attributes of the following items: 

 Product. For example, reliability requirements or inherent complexity.  
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 Computer. For example, are there execution time or storage constraints? 

 Personnel. For example, are the personnel experienced in the application area 

or the programming language being used? 

 Project. For example, are sophisticated software tools being used? 

 

Table 5: Efforts multipliers used by COCOMO intermediate model 

 

 The particular attributes in each class differ from model to model. For 

example some models use object code for the size estimate, others use source code, 

and some both object code and source code. Personnel attributes that can be 

considered include the capability and continuity (lack of turnover) of the personnel. 

Table 2 shows the set of factors considered by different models, classified into five 

different groups of attributes. Size is separated into its own group because of its 

importance and the different ways in which it is treated in the different models. 
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The basic steps for arriving at the cost of a proposed software system are the 

following: 

1. Estimate the software's eventual size, and use it in the model's formula to 

arrive at an initial estimate of effort; 

2. Revise the estimate by using the cost driver or other scaling factors given by 

the model; 

3. Apply the model's tools to the estimate derived in step 2 to determine the total 

effort, activity distribution, etc. 

The best known model for cost estimation today is the Constructive Cost Model, 

known by its acronym, COCOMO. COCOMO is actually three different models of 

increasing complexity and level of detail. We next give an overview of the intermediate 

COCOMO model and the steps and details involved in the use of such a model. 

COCOMO 

The following fleshes out how the general estimation steps described above apply 

in the case of COCOMO: 

1. The code size estimate is based on delivered source instructions, KDSI. The 

initial (nominal) development effort is based on the project's development 

"mode." COCOMO categorizes the software being developed according to 

three modes; organic, semidetached, and embedded. Table 3 shows how to 

determine which mode each project falls in. The estimator arrives at the 

development mode by deciding which entries in the table best characterize the 

project's features as listed in column 1. The heading on the column that best 

matches the project is the development mode for the project. For example, 

flight control software for a new fighter airplane falls into the embedded class, 

and a standard payroll application falls into the organic class. Study the table 

carefully to see the effect of the various features on the mode and, therefore, on 

the development effort. 

 Each development mode has an associated formula for determining the nominal 

development effort based on the estimated code size. The formulas are shown in 

Table 4. Tables 3 and 4 together can be considered a quantitative summary of a 

considerable amount of experimental data collected by Boehm over the years. 

2. The estimator determines the effort multiplier for the particular project, based 

on cost-driver attributes. COCOMO uses 15 cost-driver attributes to scale the 

nominal development effort. These attributes are a subset of the general factors 

listed in Table 2 and are given in Table 5, along with the multiplier used for 

each, based on rating the driver for the particular project. There is a guideline for 

determining how to rate each attribute for the project at hand. The rating ranges 

from very low to extra high. The multipliers are multiplied together and with the 

nominal effort derived in step 1 to arrive at the estimate of total effort for the 
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project. 

 Table 5 contains a wealth of information. For example, the range of the 

multipliers for each factor shows the impact of that factor and how much control 

the manager has over the factor. As an example, the range of analyst capability 

shows that the difference between using an analyst of very high capability and 

one of very low capability is a factor of two in the cost estimate. The product 

attributes, in general, are fixed by the inherent complexity of the product and are 

not within the control of the manager.  

3.  Given the estimate of the total effort in step 2, COCOMO allows the derivation of 

various other important numbers and analyses. For example, Table 4 shows the 

formulas, again based on the development mode, for deriving, a recommended 

length for the project schedule, based on the estimate of the total effort for the 

project. 

The COCOMO model allows sensitivity analyses based on changing the parameters. 

For example, one can model the change in development time as a function of relaxing 

the reliability constraints or improving the software development environment. Or 

one can analyze the cost and impact of unstable hardware on a project's software 

schedule. 

Software cost estimation models such as COCOMO are required for an engineering 

approach to software management. Without such models, one has only judgment to 

rely on, which makes decisions hard to trust and justify. Worse, one can never be 

sure whether improvements are being made to the software. While current models 

still lack a full scientific justification, they can be used and validated against an 

organization's project data base. 

A software development organization should maintain a project data base which 

stores information about the progress of projects. Such a data base can be used in 

many ways: to validate a particular cost estimation model against past projects; to 

calibrate cost-driver or scaling factors for a model, based on an organization's 

particular environment; as a basis for arriving at an initial size estimate; or to 

calibrate estimates of effort that are derived from a model. 

With the current state of the art of cost estimation modelling, it is not wise to have 

complete and blind trust in the results of the models, but a project manager would be 

equally unwise to ignore the value of such tools for a software development 

organization as a whole. They can be used to complement expert judgment and 

intuition. 

3.  Project Control 

As we said before, the purpose of controlling a project is to monitor the progress of 

the activities against the plans, to ensure that the goals are being approached and, 

eventually, achieved. Another aspect of control is to detect, as soon as possible, when 
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deviations from the plan are occurring so that corrective action may be taken. In 

software engineering, as in any design-dominated discipline, it is especially 

important to plan realistically-even conservatively-so as to minimize the need for 

corrective action. For example, while in a manufacturing-dominated discipline it may 

be justifiable to hire the minimum number of workers necessary and add more 

employees if production falls below the required level, it has been observed in 

software engineering that adding people to a project that is late can delay the project 

even further. This underscores the importance of not only planning, but also 

controlling, in software engineering. The sooner deviations from the plan are 

detected, the more it is possible to cope with them. 

3.1  Work Breakdown Structures 

Most project control techniques are based on breaking down the goal of the project 

into several intermediate goals. Each intermediate goal can in turn be broken down 

further. This process can be repeated until each goal is small enough to be well 

understood. We can then plan for each goal individually-its resource requirements, 

assignment of responsibility, scheduling, etc. 

A semiformal way of breaking down the goal is called the work breakdown 

structure (WBS). In this technique, one builds a tree whose root is labelled by the 

major activity of the project such as "build a compiler." Each node of the tree can be 

broken down into smaller components that are designated the children of the node. 

This "work breakdown" can be repeated until each leaf node in the tree is small 

enough to allow the manager to estimate its size, difficulty, and resource 

requirements. Figure 1 shows the work breakdown structure for a simple compiler 

development project. 

The goal of a work breakdown structure is to identify all the activities that a project 

must undertake. The tasks can be broken down into as fine a level of detail as is 

desired or necessary. For example, we might have shown the substructure of a node 

labelled "design" as consisting of the three different activities of designing the 

scanner, parser, and code generator. The structure can be used as a basis for 

estimating the amount of resources necessary for the project as a whole by 

estimating the resources required for each leaf node. 

The work breakdown structure is a simple tool that gives the manager a 

framework for breaking down large tasks into more manageable pieces. Once these 

manageable pieces have been identified, they can be used as units of work 

assignment. The structure can be refined and extended easily by labeling the nodes 

with appropriate information, such as the planned length of the activity, the name of 

the person responsible for the activity, and the starting and ending date of the 

activity. In this way, the structure can summarize the project plans. 

        The work breakdown structure can also be an input into the scheduling 
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process, we will see in the following subsections. In breaking down the work, we are 

trying decide which tasks need to be done. In scheduling, we decide the order in 

which to do these tasks. Each work item in the work breakdown structure is 

associated with an activity to perform that item. A schedule tries to order the 

activities to ensure their timely completion. 

 
 

Figure 1: Work breakdown structure for a complier project 
 

Two general scheduling techniques are Gantt charts and PERT charts. We will 

present these in the next two subsections. 

3.2  Gantt Charts 

Gantt charts (developed by Henry L. Gantt) are a project control technique that can 

be used for several purposes, including scheduling, budgeting, and resource 

planning. A Gantt chart is a bar chart, with each bar representing an activity. The 

bars are drawn against a time line. The length of each bar is proportional to the 

length of time planned for the activity. 

Let us draw a Gantt chart for the tasks identified in the WBS of Figure 1. We 

estimate the number of days required for each of the six tasks as follows: initial 

design, 45; scanner, 20; parser, 60; code generator, 180; integration and testing, 90; 

and writing the manual, 90. Using these estimates, we can draw the Gantt chart of 

Figure 2 for the compiler project. 

A Gantt chart helps in scheduling the activities of a project, but it does not help in 

identifying them. One can begin with the activities identified in the work breakdown 

structure, as we did for the compiler example. During the scheduling activity, and 

also during implementation of the project, new activities may be identified that were 

not envisioned during the initial planning. The manager must then go back and 

revise the Breakdown structure and the schedules to deal with these new activities. 

 The Gantt chart in the figure is actually an enhanced version of standard 
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Gantt charts.  The white part of the bar shows the length of time each task is 

estimated to take. The gray part shows the "slack" time, that is, the latest time by 

which a task must be finished. One way to view the slack time is that, if necessary, 

we can slide the white area over the gray area without forcing the start of the next 

activity to be delayed. For example, we have the freedom to delay the start of building 

the scanner to as late as October 17, 1994 and still have it finished in time to avoid 

delaying the integration and testing activity. The chart shows clearly that the results 

of the scanner and parser tasks can be used only after the code generator task is 

completed (in the integration and testing task). A bar that is all white, such as that 

representing the code generator task, has no slack and must be started and 

completed on the scheduled dates if the schedule is to be maintained. From the 

figure, we can see that the three tasks, "design," "code generator," and "integration 

and testing" have no slack. It is these tasks, then, that determine the total length of 

time the project is expected to take. 

 This example shows that the Gantt chart can be used for resource allocation 

and staff planning. For example, from Figure 2, we can conclude that the same 

engineer can be assigned to do the scanner and the parser while another engineer is 

working on the code generator. Even so, the first engineer will have some slack time 

that we may plan to use to help the second engineer or to get a head start on the 

integration and testing activity 

 
Gantt charts can take different forms depending on their intended use. They are 

best for resource scheduling. For example, if we are trying to schedule the activities of 
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six engineers, we might use a Gantt chart in which each bar represents one of the 

engineers. In such a chart, the engineers are our resources and the chart shows the 

resource loading during the project. It can help, for example, in scheduling vacation time, 

or in ensuring that the right number of engineers will be available during each desired 

period. Figure 3 shows an example. We could label appropriate sections of the bars to 

show how much time we expect each engineer to spend on each activity (e.g., design 

and building scanner). 

Gantt charts are useful for resource planning and scheduling. While they 

show the tasks and their durations clearly, however, they do not show intertask 

dependencies plainly. PERT charts, the subject of the next section, show task 

dependencies directly. 

 
3.3  PERT Charts 

A PERT (Program Evaluation and Review Technique) chart is a network of boxes (or 

circles) and arrows. There are different variations of PERT charts. Some use the 

boxes to represent activities, and some use the arrows to do so. We will use the first 

approach here. Each box thus represents an activity. The arrows are used to show 

the dependencies of activities on one another. The activity at the head of an arrow 

cannot start until the activity at the tail of the arrow is finished. Just as with the 

nodes in the work breakdown structure, the boxes in a PERT chart can be decorated 

with starting and ending dates for activities; the arrows help in computing the 

earliest possible starting dates for the boxes at their heads. Some boxes can be 

designated as milestones- A milestone is an activity whose completion signals an 

important accomplishment in the life of the project. On the other hand, failure to 

make a milestone signals trouble to the manager and requires an explicit action to 
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deal with the deviation from the schedule. 

As with Gantt charts, to build a PERT chart for a project, one must first list all the 

activities required for completion of the project and estimate how long each will take, 

then one must determine the dependence of the activities on each other. The PERT 

chart gives a graphical representation of this information. Clearly, the technique does 

not help in deciding which activities are necessary or how long each will take, but it 

does force the Manager to take the necessary planning steps to answer these 

questions. 

Figure 4 shows a PERT chart for the previous compiler project. The information from 

the work breakdown structure of figure 1 is used to decide what boxes we need. The 

arrows show the new information that was not available in the work breakdown 

structure. The chart shows clearly that the project consists of the activities of initial 

design, building a scanner, building a parser, building a code generator, integrating 

and testing these, and writing a manual. Recall that the previous estimates for these 

six tasks were, respectively, 45, 20, 60, 180, 90, and 90 days. 

The figure assumes that the project will start on January 1, 1994 (shown 

underlined). Taking holidays into account (January 1 and 2 are holidays in 1994), 

the design work will start on January 3, 1994. Since the design activity is estimated 

to take 45 days, any activity that follows the design may start on March 7, 1994 at 

the earliest. The dependency arrows help us compute these earliest start dates based 

on our estimates of the duration of each activity. These dates are shown in the figure. 

We could also compute the earliest finish dates or latest start dates or latest finish 

dates, depending on the kind of analysis we want to perform. 

The chart shows that the path through the project that consists of the "design," 

"build code generator," and "integration and testing" activities is the critical path for 

the project. Any delay in any activity in this path will cause a delay in the entire 

project. The manager will clearly want to monitor the activities on the critical path 

much more closely than the other activities. 
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Some of the advantages of PERT are as follows: 

 It forces the manager to plan. 

 It shows the interrelationships among the tasks in the project and, in 

particular. clearly identifies the critical path of the project, thus helping to 

focus on it. For example, in the figure, the code generator is clearly the most 

critical activity in terms of the schedule. The critical path is shown by a dark 

solid line. We may decide to build a separate subproject for this activity alone, 

or put our best people on the project, or monitor the critical activity very 

closely. The fact that the PERT chart has exposed the critical path allows us 

the opportunity to consider alternative approaches to cope with a potential 

problem. 

 It exposes all possible parallelism in the activities and thus helps in allocating 

resources. 

 It allows scheduling and simulation of alternative schedules. 

 It enables the manager to monitor and control the project. 

4.  Organization 

The organizing function of management deals with devising roles for 

individuals and assigning responsibility for accomplishing the project goals. 

Organization is basically motivated by the need for cooperation when the goals are 

not achievable by a single human being in a reasonable amount of time. The aim of 

an organizational structure is to facilitate cooperation towards a common goal. An 

organizational structure is necessary at any level of an enterprise, whether it is to 

coordinate the efforts of a group of vice presidents who report to the president of the 
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corporation or to orchestrate the interactions among programmers who report to a 

common project manager. 

Management theorists and practitioners have studied the effects of different 

organizational structures on the productivity and effectiveness of groups. Because 

the goal of organization is to encourage cooperation, and because cooperation 

depends substantially on human characteristics, many general organizational rules 

apply to any endeavor, whether it deals with software production or automobile 

production. 

The task of organizing can be viewed as building a team: given a group of people and 

a common goal, what is the best role for each individual, and how should 

responsibilities be divided? Analogies with sports teams are illuminating. A 

basketball team consists of five players on the floor who are playing the game and 

another perhaps five players who are substitutes. Each player knows his role. There 

is one ball, and at any one time, only one player can have it. All other players must 

know their responsibilities and what to expect from the player with the ball. On well-

organized teams, the patterns of cooperation and their effects are clearly visible. In 

poorly organized teams or teams with novice players, the lack of patterns of 

cooperation is just as clearly visible: when one player has the ball, the other four 

scream to be passed the ball. The player with the ball, of course, shoots the ball 

instead of passing it to anyone!  

Some of the considerations that affect the choice of an organization are similar to the 

factors that are used in cost estimation models that we have seen earlier. For example 

what constitutes an appropriate organization for a project depends on the length of 

the project. Is it a long-term project or a short, one-shot project? If it is a long-term 

project, it is important to ensure job satisfaction for individuals, leading to high 

morale and thus reducing turnover. Sometimes, the best composition for a team is a 

mix of junior and senior engineers. This allows the junior engineers to do the less 

challenging tasks and learn from the senior engineers, who are busy doing the more 

challenging tasks and overseeing the progress of the junior engineers. 

Because of the nature of large software systems, changing requirements, and 

the difficulties of software specification, it has been observed that adding people to a 

project late in the development cycle leads to further delays in the schedule. Thus, 

the issue of personnel turnover is a serious one that must be minimized. On a short-

term project, personnel turnover is not as important an issue. On a long-term 

project, it is important to enable junior personnel to develop their skills and gain 

more responsibility as senior personnel move on to other responsibilities. The trade-

offs involved in organizing for a short-term or a long-term project are similar to those 

involved in organizing a basketball team to win a single game, to be a winner over a 

single season, or to be a consistent winner over many years.  
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Another issue affecting the appropriate project organization is the nature of 

the task and how much communication the different team members need to have 

among themselves. For example, in a well-defined task such as a payroll system in 

which modules and their interfaces have been specified clearly, there is not much 

need for project members to communicate among each other, and excessive 

communication will probably lead to a delay in accomplishing their individual tasks. 

On the other hand, in a project where the task is not clearly understood, 

communication among team members is beneficial and can lead to a better solution. 

Strictly hierarchical organizations minimize and discourage communication among 

team members; more democratic organizations encourage it.  

Software engineering requires not only the application of systematic 

techniques to routine aspects of the software but also invention and ingenuity when 

standard techniques are not adequate. Balancing these requirements is one of the 

most difficult aspects of software engineering management  

We can categorize software development team organizations according to 

where decision-making control lies. A team can have centralized control, where a 

recognized leader is responsible for and authorized to produce a design and resolve 

all technical issues. Alternatively, a team organization can be based on distributing 

decision-making control and emphasizing group consensus. Both of these types of 

organization, as well as combinations of the two, have been used in practice 

successfully. The following subsections discuss the two kinds of organization in more 

detail. 

4.1  Centralized control team organization 

Centralized-control team organization is a standard management technique in 

well understood disciplines. In this mode of organization, several workers report to a 

supervisor who directly controls their tasks and is responsible for their performance. 

Centralized control is based on a hierarchical organizational structure in which 

several supervisors report to a "second-level" manager and so on up the chain to the 

president of the enterprise. In general, centralized control works well with tasks that 

are simple enough that the one person responsible for control of the project can 

grasp the problem and its solution.  

One way to centralize the control of a software development team is through a 

chief programmer team. In this kind of organization, one engineer, known as the 

chief programmer, is responsible for the design and all the technical details of the 

project. The chief programmer reports to a peer project manager who is responsible 

for the administrative aspects of the project. Other members of the team are a 

software librarian and other programmers who report to the chief programmer and 

are added to the team on a temporary basis when needed. Specialists may be used by 

the team as consultants when the need arises. The need for programmers and 
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consultants, as well as what tasks they perform, is determined by the chief 

programmer, who initiates and controls all decisions. The software library maintained 

by the librarian is the central repository for all the software, documentation, and 

decisions made by the team. Figure 5 is a graphical representation of patterns of 

control and communication supported by this kind of organization.  

Chief programmer team organization has been likened to a surgical team 

performing an operation. During an operation, one person must be clearly in control, 

and all other people involved must be in total support of the "chief' surgeon; there is 

no place or time for individual creativity or group consensus. This analogy highlights 

the strengths of the chief programmer team organization, as well as its weaknesses. 

The chief programmer team organization works well when the task is well 

understood, is within the intellectual grasp of one individual, and is such that the 

importance of finishing the project outweighs other factors (such as team morale, 

personnel development, and life cycle costs).  

On the negative side, a chief programmer team has a "single point of failure." 

Since all communication must go through, and all decisions must be made by, the 

chief programmer, the chief programmer may become overloaded or, indeed, 

saturated. The success of the chief programmer team clearly depends on the skill and 

ability of the chief programmer and the size and complexity of the problem. The 

choice of chief programmer is the most important determinant of success of the chief 

programmer team. On the other hand, since there is a great variability in people's 

abilities-as much as a 10-to-1 ratio in productivity-a chief programmer position may 

be the best way to use the rare highly productive engineers. 

4.2  Decentralized control team organization 

In a decentralized-control team organization, decisions are made by consensus 

and all work is considered group work. Team members review each other's work and 

are responsible as a group for what every member produces. Figure 6 shows the 

patterns of control and communication among team members in a decentralized-

control organization. The ring like management structure is intended to show the 

lack of a hierarchy and that all team members are at the same level.  

Such a "democratic" organization leads to higher morale and job satisfaction 

and, therefore, to less turnover. The engineers feel more ownership of the project and 

responsibility for the problem, leading to higher quality in their work. A decentralized 

control organization is more suited for long-term projects because the amount of 

intragroup communication that it encourages leads to a longer development time, 

presumably accompanied by lower life cycle costs. The proponents of this kind of 

team organization claim that it is more appropriate for less understood and more 

complicated problems because a group can invent better solutions than a single 

individual. Such an organization is based on a technique referred to as "ego less 
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programming" because it encourages programmers to share and review one another's 

work.  

On the negative side, decentralized-control team organization is not appropriate 

for large teams, where the communication overhead can overwhelm all the engineers, 

reducing individual productivity.  

 

4.3  Mixed control team organization 

A mixed control team organization attempts to combine the benefits of 

centralized and decentralized control, while minimizing or avoiding their 

disadvantages. Rather than treating all members the same as in a decentralized 

organization or treating a single individual as the chief as in a decentralized 

organization the mixed organization distinguishes the engineers into senior and 

junior engineers. Each senior engineer leads a group of junior engineers. The senior 

engineers in turn report to a project manager. 

Control is vested in the project manager and senior programmers, while 

communication is decentralized among each set of individuals, peers, and their 

immediate supervisors. The patterns of control and communication in mixed-control 

organizations are shown in Figure 7.  
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A mixed-mode organization tries to limit communication to within a small 

group that is most likely to benefit from it. It also tries to realize the benefits of group 

decision making by vesting authority in a group of senior programmers. The mixed-

control organization is an example of the use of a hierarchy to master the complexity 

of software development as well as organizational structure.  

4.4  An assessment of team organization 

In the previous subsections, we have presented different ways of organizing 

software development teams. Each kind of organization discussed in the previous 

three subsections has its proponents and detractors. Each also has its appropriate 

place. Experimental assessment of different organizational structures is difficult. It is 

clearly impractical to run large software development projects using two different 

types of organization, just for the purpose of comparing the effectiveness of the two 

structures. While cost estimation models can be assessed on the basis of how well 

they predict actual software costs, an organizational structure cannot be assessed so 

easily, because one cannot compare the results achieved with those one would have 

achieved with a different organization. Experiments have been run to measure the 

effects of such things as team size and task complexity on the effectiveness of 

development teams. In the choice of team organization, however, it appears that we 

must be content with the following general considerations:  

 Just as no life cycle model is appropriate for all projects, no team organization 

is appropriate for all tasks.  

 Decentralized control is best when communication among engineers is 

necessary for achieving a good solution.  

 Centralized control is best when speed of development is the most important 

goal and the problem is well understood.  

 An appropriate organization tries to limit the amount of communication to 

what is necessary for achieving project goals-no more and no less.  

 An appropriate organization may have to take into account goals other than 

speed of development. Among these other important goals are: lower life cycle 

costs, reduced personnel turnover, repeatability of the process, development of 

junior engineers into senior engineers, and widespread dissemination of 

specialized knowledge and expertise among personnel. 
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1.  Introduction 

Before starting to design a software product, it is very important to understand the 

precise requirements of the customer and to develop them properly. In the past many 

projects have been suffered because the developers started implementing something 

without determining whether they were building what the customer wanted. Starting 

properly documented activities without improperly documented requirements is the 

biggest mistake that one can commit during the product development. Improperly 

documented requirements increase the number of iterative changes required during 

the life cycle phases and thereby push up the development cost tremendously. They 

also set the ground for bitter customer development disputes protracted legal battles. 

Therefore requirement analysis and specification is considered to be a very important 

phase of software development and has to be undertaken with utmost care. 

2.  What is Requirements Analysis? 

Requirements Analysis is the process of understanding the customer needs and 

expectations from a proposed system or application and is a well-defined stage in 

the Software Development Life Cycle model. Requirements are a description of how 

a system should behave or a description of system properties or attributes. It can 

alternatively be a statement of ‘what’ an application is expected to do. Given the 

multiple levels of interaction between users, business processes and devices in global 
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corporations today, there are simultaneous and complex requirements from a single 

application, from various levels within an organization and outside it as well. 

The Software Requirements Analysis Process covers the complex task of eliciting and 

documenting the requirements of all these users, modeling and analyzing these 

requirements and documenting them as a basis for system design. A dedicated and 

specialized Requirements Analyst is best equipped to handle the job. The Requirements 

Analysis function may also fall under the scope of Project Manager, Program Manager 

or Business Analyst, depending on the organizational hierarchy. Software 

Requirements Analysis and Documentation Processes are critical to software project 

success. Requirements engineering is an emerging field which deals with the 

systematic handling of requirements. 

Why is Requirements Analysis necessary? 

Studies reveal that inadequate attention to Software Requirements Analysis at the 

beginning of a project is the most common cause for critically vulnerable projects that 

often do not deliver even on the basic tasks for which they were designed. There are 

instances of corporations that have spent huge amounts on software projects where 

the end application eventually does not perform the tasks it was intended for. Software 

companies are now investing time and resources into effective and streamlined 

Software Requirements Analysis Processes as a prerequisite to successful projects that 

align with the client’s business goals and meet the project’s requirement specifications. 

3.  Steps in the Requirements Analysis Process 

I.  Fix system boundaries 

This initial step helps in identifying how the new application integrates with the 

business processes, how it fits into the larger picture and what its scope and 

limitations will be. 

II.  Identify the customer 

In more recent times there has been a focus on identifying who the ‘users’ or 

‘customers’ of an application are. Referred to broadly as the ‘stake holders’, these 

indicate the group or groups of people who will be directly or indirectly impacted by the 

new application. 

By defining in concrete terms who the intended user is, the Requirements Analyst 

knows in advance where he has to look for answers. The Requirements Elicitation 

Process should focus on the wish-list of this defined group to arrive at a valid 

requirements list. 

 

III.  Requirements elicitation 

Information is gathered from the multiple stakeholders identified. The 

Requirements Analyst draws out from each of these groups what their requirements 

from the application are and what they expect the application to accomplish. 
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Considering the multiple stakeholders involved, the list of requirements gathered in 

this manner could run into pages. The level of detail of the requirements list is based 

on the number and size of user groups, the degree of complexity of business processes 

and the size of the application. 

a)  Problems faced in Requirements Elicitation 

 Ambiguous understanding of processes  

 Inconsistency within a single process by multiple users 

 Insufficient input from stakeholders 

 Conflicting stakeholder interests 

 Changes in requirements after project has begun 

A Requirements Analyst has to interact closely with multiple work-groups, often 

with conflicting goals, to arrive at a bona fide requirements list. Strong communication 

and people skills along with sound programming knowledge are prerequisites for an 

expert Requirements Analyst. 

b)  Tools used in Requirements Elicitation 

Traditional methods of Requirements Elicitation included stakeholder interviews and 

focus group studies. Other methods like flowcharting of business processes and the 

use of existing documentation like user manuals, organizational charts, process 

models and systems or process specifications, on-site analysis, interviews with end-

users, market research and competitor analysis were also used extensively in 

Requirements Elicitation. 

However current research in Software Requirements Analysis Process has thrown up 

modern tools that are better equipped to handle the complex and multilayered process 

of Requirements Elicitation. Some of the current Requirements Elicitation tools in use 

are: 

 Prototypes 

 Use cases 

 Data flow diagrams 

 Transition process diagrams 

 User interfaces 

IV.  Requirements Analysis Process 

Once all stakeholder requirements have been gathered, a structured analysis of these 

can be done after modeling the requirements. Some of the Software Requirements 

Analysis techniques used are requirements animation, automated reasoning, 

knowledge-based critiquing, consistency checking, analogical and case-based 

reasoning. 

V.  Requirements Specification 

Requirements, once elicited, modeled and analyzed should be documented in clear, 

unambiguous terms. A written requirements document is critical so that its circulation 
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is possible among all stakeholders including the client, user-groups, the development 

and testing teams. Current requirements engineering practices reveal that a well-

designed, clearly documented Requirements Specification is vital and serves as : 

 Base for validating the stated requirements and resolving stakeholder conflicts, 

if any 

 Contract between the client and development team 

 Basis for systems design for the development team 

 Bench-mark for project managers for planning project development lifecycle and 

goals 

 Source for formulating test plans for QA and testing teams 

 Resource for requirements management and requirements tracing  

 Basis for evolving requirements over the project life span 

Software requirements specification involves scoping the requirements so that it 

meets the customer’s vision. It is the result of collaboration between the end-user who 

is often not a technical expert, and a Technical/Systems Analyst, who is likely to 

approach the situation in technical terms. 

The software requirements specification is a document that lists out 

stakeholders’ needs and communicates these to the technical community that will 

design and build the system. The challenge of a well-written requirements specification 

is to clearly communicate to both these groups and all the sub-groups within. 

To overcome this, Requirements Specifications may be documented separately as  

 User Requirements - written in clear, precise language with plain text and use 

cases, for the benefit of the customer and end-user  

 System Requirements - expressed as a programming or mathematical model, 

addressing the Application Development Team and QA and Testing Team. 

Requirements Specification serves as a starting point for software, hardware and 

database design. It describes the function (Functional and Non-Functional 

specifications) of the system, performance of the system and the operational and user-

interface constraints that will govern system development. 

VI.  Requirements Management 

Requirements Management is the comprehensive process that includes all aspects of 

software requirements analysis and additionally ensures verification, validation and 

traceability of requirements. Effective requirements management practices guarantee 

that all system requirements are stated unambiguously, that omissions and errors are 

corrected and that evolving specifications can be incorporated later in the project 

lifecycle. 

4.  Types of Requirements 

Requirements are categorized in several ways. The following are common 

categorizations of requirements that relate to technical management: 
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Customer Requirements  

Statements of fact and assumptions that define the expectations of the system 

in terms of mission objectives, environment, constraints and measures of effectiveness 

and suitability (MOE/MOS). The customers are those that perform the eight primary 

functions of systems engineering, with special emphasis on the operator as the key 

customer. Operational requirements will define the basic need and, at a minimum, 

answer the questions posed in the following listing: 

 Operational distribution or deployment: Where will the system be used? 

 Mission profile or scenario: How will the system accomplish its mission 

objective? 

 Performance and related parameters: What are the critical system 

parameters to accomplish the mission? 

 Utilization environments: How are the various system components to be 

used? 

 Effectiveness requirements: How effective or efficient must the system be in 

performing its mission? 

 Operational life cycle: How long will the system be in use by the user? 

 Environment: What environments will the system be expected to operate in 

an effective manner? 

Functional Requirements 

Functional requirements explain what has to be done by identifying the necessary 

task, action or activity that must be accomplished. Functional requirements analysis 

will be used as the top level functions for functional analysis.  

Performance Requirements 

The extent to which a mission or function must be executed; generally measured in 

terms of quantity, quality, coverage, timeliness or readiness. During requirements 

analysis, performance (how well does it have to be done) requirements will be 

interactively developed across all identified functions based on system life cycle factors; 

and characterized in terms of the degree of certainty in their estimate, the degree of 

criticality to system success, and their relationship to other requirements. 

Design Requirements 

The “build to,” “code to,” and “buy to” requirements for products and “how to execute” 

requirements for processes expressed in technical data packages and technical 

manuals. 

Derived Requirements 

Requirements that are implied or transformed from higher-level requirement. For 

example, a requirement for long range or high speed may result in a design 

requirement for low weight. 
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Allocated Requirements 

A requirement that is established by dividing or otherwise allocating a high-level 

requirement into multiple lower-level requirements. Example: A 100-pound item that 

consists of two subsystems might result in weight requirements of 70 pounds and 30 

pounds for the two lower-level items. 

5.  What is a Software Requirements Specification? 

An SRS is basically an organization's understanding (in writing) of a customer or 

potential client's system requirements and dependencies at a particular point in 

time (usually) prior to any actual design or development work. It's a two-way insurance 

policy that assures that both the client and the organization understand the other's 

requirements from that perspective at a given point in time. 

The SRS document itself states in precise and explicit language those functions and 

capabilities a software system (i.e., a software application, an eCommerce Web site, 

and so on) must provide, as well as states any required constraints by which the 

system must abide. The SRS also functions as a blueprint for completing a project with 

as little cost growth as possible. The SRS is often referred to as the "parent" document 

because all subsequent project management documents, such as design specifications, 

statements of work, software architecture specifications, testing and validation plans 

and   documentation plans are related to it. 

It's important to note that an SRS contains functional and nonfunctional requirements 

only; it doesn't offer design suggestions, possible solutions to technology or business 

issues, or any other information other than what the development team understands 

the customer's system requirements to be. 

A well-designed, well-written SRS accomplishes four major goals: 

 It provides feedback to the customer. An SRS is the customer's assurance 

that the development organization understands the issues or problems to be 

solved and the software behavior necessary to address those problems. 

Therefore, the SRS should be written in natural language in an unambiguous 

manner that may also include charts, tables, data flow diagrams, decision 

tables and so on. 

 It decomposes the problem into component parts. The simple act of writing 

down software requirements in a well-designed format organizes information, 

places borders around the problem, solidifies ideas and helps break down the 

problem into its component parts in an orderly fashion. 

 It serves as an input to the design specification. As mentioned previously, 

the SRS serves as the parent document to subsequent documents, such as the 

software design specification and statement of work. Therefore, the SRS must 

contain sufficient detail in the functional system requirements so that a design 

solution can be devised. 
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 It serves as a product validation check. The SRS also serves as the parent 

document for testing and validation strategies that will be applied to the 

requirements for verification. 

SRSs are typically developed during the first stages of "Requirements 

Development," which is the initial product development phase in which information is 

gathered about what requirements are needed--and not. This information-gathering 

stage can include onsite visits, questionnaires, surveys, interviews and perhaps a 

return-on-investment (ROI) analysis or needs analysis of the customer or client's 

current business environment. The actual specification then is written after the 

requirements have been gathered and analyzed. 

6.  What are the benefits of a Great SRS? 

The IEEE 830 standard defines the benefits of a good SRS: 

Establish the basis for agreement between the customers and the suppliers on 

what the software product is to do. The complete description of the functions to be 

performed by the software specified in the SRS will assist the potential users to 

determine if the software specified meets their needs or how the software must be 

modified to meet their needs.  

Reduce the development effort. The preparation of the SRS forces the various 

concerned groups in the customer’s organization to consider rigorously all of the 

requirements before design begins and reduces later redesign, recoding and retesting. 

Careful review of the requirements in the SRS can reveal omissions, 

misunderstandings, and inconsistencies early in the development cycle when these 

problems are easier to correct. 

Provide a basis for estimating costs and schedules. The description of the product 

to be developed as given in the SRS is a realistic basis for estimating project costs and 

can be used to obtain approval for bids or price estimates.  

Provide a baseline for validation and verification. Organizations can develop their 

validation and Verification plans much more productively from a good SRS. As a part of 

the development contract, the SRS provides a baseline against which compliance can 

be measured. 

Facilitate transfer. The SRS makes it easier to transfer the software product to new 

users or new machines. Customers thus find it easier to transfer the software to other 

parts of their organization and suppliers find it easier to transfer it to new customers. 

Serve as a basis for enhancement. Because the SRS discusses the product but not 

the project that developed it, the SRS serves as a basis for later enhancement of the 

finished product. The SRS may need to be altered, but it does provide a foundation for 

continued production evaluation. 

7. What should the SRS address? 

Again from the IEEE standard: 
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The basic issues that the SRS writer(s) shall address are the following: 

a)  Functionality. What is the software supposed to do? 

b)  External interfaces. How does the software interact with people, the system’s 

hardware, other hardware and other software? 

c)  Performance. What is the speed, availability, response time, recovery time of 

various software functions, etc.? 

d)  Attributes. What is the portability, correctness, maintainability, security, etc. 

considerations? 

e)  Design constraints imposed on an implementation. Are there any required 

standards in effect, implementation language, policies for database integrity, 

resource limits, operating environment(s) etc.? 

8.  What are the characteristics of a great SRS? 

Again from the IEEE standard: 

An SRS should be 

 Correct 

 Unambiguous 

 Complete 

 Consistent 

 Ranked for importance and/or stability 

 Verifiable 

 Modifiable 

 Traceable 

Correct - This is like motherhood and apple pie. Of course you want the specification 

to be correct. No one writes a specification that they know is incorrect. We like to say - 

"Correct and Ever Correcting." The discipline is keeping the specification up to date 

when you find things that are not correct. 

Unambiguous - An SRS is unambiguous if, and only if, every requirement stated there 

in has only one interpretation. Again, easier said than done. Spending time on this 

area prior to releasing the SRS can be a waste of time. But as you find ambiguities - fix 

them. 

Complete - A simple judge of this is that is should be all that is needed by the software 

designers to create the software. 

Consistent - The SRS should be consistent within itself and consistent to its reference 

documents. If you call an input "Start and Stop" in one place, don't call it "Start/Stop" 

in another. 

Ranked for Importance - Very often a new system has requirements that are really 

marketing wish lists. Some may not be achievable. It is useful provide this information 

in the SRS. 
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Verifiable - Don't put in requirements like - "It should provide the user a fast 

response." Another of my favorites is - "The system should never crash." Instead, 

provide a quantitative requirement like: "Every key stroke should provide a user 

response within 100 milliseconds." 

Modifiable - Having the same requirement in more than one place may not be wrong - 

but tends to make the document not maintainable. 

Traceable - Often, this is not important in a non-politicized environment. However, in 

most organizations, it is sometimes useful to connect the requirements in the SRS to a 

higher level document. Why do we need this requirement? 

9.  What Kind of Information Should an SRS Include? 

You probably will be a member of the SRS team (if not, ask to be), which means 

SRS development will be a collaborative effort for a particular project. In these cases, 

your company will have developed SRSs before, so you should have examples (and, 

likely, the company's SRS template) to use. But, let's assume you'll be starting from 

scratch. Several standards organizations (including the IEEE) have identified nine 

topics that must be addressed when designing and writing an SRS: 

1. Interfaces 

2. Functional Capabilities 

3. Performance Levels 

4. Data Structures/Elements 

5. Safety 

6. Reliability 

7. Security/Privacy 

8. Quality 

9. Constraints and Limitations 

But, how do these general topics translate into an SRS document? What, 

specifically, does an SRS document include? How is it structured? And how do you get 

started? An SRS document typically includes four ingredients, as discussed in the 

following sections: 

1. A template 

2. A method for identifying requirements and linking sources 

3. Business operation rules 

4. A traceability matrix 

Begin with an SRS Template 

The first and biggest step to writing an SRS is to select an existing template that you 

can fine tune for your organizational needs (if you don't have one already). There's not 

a "standard specification template" for all projects in all industries because the 

individual requirements that populate an SRS are unique not only from company to 

company, but also from project to project within any one company. The key is to select 
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an existing template or specification to begin with, and then adapt it to meet your 

needs. 

In recommending using existing templates, I'm not advocating simply copying a 

template from available resources and using them as your own; instead, I'm suggesting 

that you use available templates as guides for developing your own. It would be almost 

impossible to find a specification or specification template that meets your particular 

project requirements exactly. But using other templates as guides is how it's 

recommended in the literature on specification development. 

Look at what someone else has done, and modify it to fit your project requirements.  

Table 1 shows what a basic SRS outline might look like. This example is an adaptation 

and extension of the IEEE Standard 830-1998: 

Table 1 A sample of a basic SRS outline 

1. Introduction 

1.1 Purpose 

1.2 Document conventions 

1.3 Intended audience 

1.4 Additional information 

1.5 Contact information/SRS team members 

1.6 References 

2. Overall Description 

2.1 Product perspective 

2.2 Product functions 

2.3 User classes and characteristics 

2.4 Operating environment 

2.5 User environment 

2.6 Design/implementation constraints 

2.7 Assumptions and dependencies 

3. External Interface Requirements 

3.1 User interfaces 

3.2 Hardware interfaces 

3.3 Software interfaces 

3.4 Communication protocols and interfaces 

4. System Features 

4.1 System feature A 

4.1.1 Description and priority 

4.1.2 Action/result 

4.1.3 Functional requirements 

4.2 System feature B 
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5. Other Nonfunctional Requirements 

5.1 Performance requirements 

5.2 Safety requirements 

5.3 Security requirements 

5.4 Software quality attributes 

5.5 Project documentation 

5.6 User documentation 

6. Other Requirements 

Appendix A: Terminology/Glossary/Definitions list 

Appendix B: To be determined 

Table 2 shows a more detailed SRS outline 

Table 2 A sample of a more detailed SRS outline 

1. Scope 1.1 Identification. 

Identify the system and the software to which this 

document applies, including, as applicable, identification 

number(s), title(s), abbreviation(s), version number(s), and 

release 

number(s). 

1.2 System overview. 

State the purpose of the system or subsystem to which this 

document applies. 

1.3 Document overview. 

Summarize the purpose and contents of this document. 

This document comprises six sections: 

 Scope 

 Referenced documents 

 Requirements 

 Qualification provisions 

 Requirements traceability 

 Notes 

Describe any security or privacy considerations associated 

with its use. 

2. Referenced 

Documents 

2.1 Project documents. 

Identify the project management system documents here. 

2.2 Other documents. 

2.3 Precedence. 
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2.4 Source of documents. 

3. Requirements This section shall be divided into paragraphs to specify the 

Computer Software Configuration Item (CSCI) 

requirements, that is, those characteristics of the CSCI 

that are conditions for its acceptance. CSCI requirements 

are software requirements generated to satisfy the system 

requirements allocated to this CSCI. Each requirement 

shall be assigned a project-unique identifier to support 

testing and traceability and shall be stated in such a way 

that an objective test can be defined for it. 

3.1 Required states and modes. 

3.2 CSCI capability requirements. 

3.3 CSCI external interface requirements. 

3.4 CSCI internal interface requirements. 

3.5 CSCI internal data requirements. 

3.6 Adaptation requirements. 

3.7 Safety requirements. 

3.8 Security and privacy requirements. 

3.9 CSCI environment requirements. 

3.10 Computer resource requirements. 

3.11 Software quality factors. 

3.12 Design and implementation constraints. 

3.13 Personnel requirements. 

3.14 Training-related requirements. 

3.15 Logistics-related requirements. 

3.16 Other requirements. 

3.17 Packaging requirements. 

3.18 Precedence and criticality requirements. 

4. Qualification 

Provisions 

To be determined. 

5. Requirements 

Traceability 

To be determined. 

6. Notes This section contains information of a general or 

explanatory nature that may be helpful, but is not 

mandatory. 
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6.1 Intended use. 

This Software Requirements specification shall... 

6.2 Definitions used in this document. 

Insert here an alphabetic list of definitions and their source 

if different from the declared sources specified in the 

"Documentation standard." 

6.3 Abbreviations used in this document. 

Insert here an alphabetic list of the abbreviations and 

acronyms if not identified in the declared sources specified 

in the "Documentation Standard." 

6.4 Changes from previous issue. 

Will be "not applicable" for the initial issue. 

Revisions shall identify the method used to identify 

changes from the previous issue.  

 

Identify and Link Requirements with Sources 

As noted earlier, the SRS serves to define the functional and nonfunctional 

requirements of the product. Functional requirements each have an origin from which 

they came, be it a use case (which is used in system analysis to identify, clarify, and 

organize system requirements, and consists of a set of possible sequences of 

interactions between systems and users in a particular environment and related to a 

particular goal), government regulation, industry standard, or a business requirement. 

In developing an SRS, you need to identify these origins and link them to their 

corresponding requirements. Such a practice not only justifies the requirement, but it 

also helps assure project stakeholders that frivolous or spurious requirements are kept 

out of the specification. 

To link requirements with their sources, each requirement included in the SRS should 

be labeled with a unique identifier that can remain valid over time as requirements are 

added, deleted, or changed. Such a labeling system helps maintain change-record 

integrity while also serving as an identification system for gathering metrics. You can 

begin a separate requirements identification list that ties a requirement identification 

(ID) number with a description of the requirement. Eventually, that requirement ID and 

description become part of the SRS itself and then part of the Requirements 

Traceability Matrix, discussed in subsequent paragraphs. Table 3 illustrates how these 

SRS ingredients work together. 
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Table 3 This sample table identifies requirements and links them to their sources 

ID 
No. 

Paragraph 
No. 

Requirement Business Rule Source 

17 5.1.4.1 Understand/communicate 

using SMTP protocol 

IEEE STD xx-xxxx 

18 5.1.4.1 Understand/communicate 

using POP protocol 

IEEE STD xx-xxxx 

19 5.1.4.1 Understand/communicate 

using IMAP protocol 

IEEE STD xx-xxxx 

20 5.1.4.2 Open at same rate as OE Use Case Doc 4.5.4 

 

Establish Business Rules for Contingencies and Responsibilities 
 

"The best-laid plans of mice and men..." begins the famous saying. It has direct 

application to writing SRSs because even the most thought-out requirements are not 

immune to changes in industry, market, or government regulations. A top-quality SRS 

should include plans for planned and unplanned contingencies, as well as an explicit 

definition of the responsibilities of each party, should a contingency be implemented. 

Some business rules are easier to work around than others, when Plan B has to be 

invoked. For example, if a customer wants to change a requirement that is tied to a 

government regulation, it may not be ethical and/or legal to be following "the spirit of 

the law." Many government regulations, as business rules, simply don't allow any 

compromise or "wiggle room." A project manager may be responsible for ensuring that 

a government regulation is followed as it relates to a project requirement; however, if a 

contingency is required, then the responsibility for that requirement may shift from the 

project manager to a regulatory attorney. The SRS should anticipate such actions to 

the furthest extent possible. 

Establish a Requirements Traceability Matrix 

The business rules for contingencies and responsibilities can be defined 

explicitly within a Requirements Traceability Matrix (RTM), or contained in a separate 

document and referenced in the matrix, as the example in Table 3 illustrates. Such a 

practice leaves no doubt as to responsibilities and actions under certain conditions as 

they occur during the product-development phase. 

The RTM functions as a sort of "chain of custody" document for requirements 

and can include pointers to links from requirements to sources, as well as pointers to 

business rules. For example, any given requirement must be traced back to a specified 
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need, be it a use case, business essential, industry-recognized standard, or 

government regulation. As mentioned previously, linking requirements with sources 

minimizes or even eliminates the presence of spurious or frivolous requirements that 

lack any justification. The RTM is another record of mutual understanding, but also 

helps during the development phase. 

As software design and development proceed, the design elements and the 

actual code must be tied back to the requirement(s) that define them. The RTM is 

completed as development progresses; it can't be completed beforehand (see Table 3). 

What Should I Know about Writing an SRS? 

Unlike formal language that allows developers and designers some latitude, the 

natural language of SRSs must be exact, without ambiguity, and precise because the 

design specification, statement of work, and other project documents are what drive 

the development of the final product. That final product must be tested and validated 

against the design and original requirements. Specification language that allows for 

interpretation of key requirements will not yield a satisfactory final product and will 

likely lead to cost overruns, extended schedules, and missed deliverable deadlines. 

Table 4 shows the fundamental characteristics of a quality SRS. 

Table 4 The 10 language quality characteristics of an SRS 

SRS Quality 

Characteristic 

What It Means 

Complete SRS defines precisely all the go-live situations that will be 

encountered and the system's capability to successfully address 

them. 

Consistent SRS capability functions and performance levels are compatible, 

and the required quality features (security, reliability, etc.) do 

not negate those capability functions.  

Accurate SRS precisely defines the system's capability in a real-world 

environment, as well as how it interfaces and interacts with it. 

This aspect of requirements is a significant problem area for 

many SRSs. 

Modifiable The logical, hierarchical structure of the SRS should facilitate 

any necessary modifications (grouping related issues together 

and separating them from unrelated issues makes the SRS 

easier to modify). 
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Ranked Individual requirements of an SRS are hierarchically arranged 

according to stability, security, perceived ease/difficulty of 

implementation, or other parameter that helps in the design of 

that and subsequent documents. 

Testable An SRS must be stated in such a manner that unambiguous 

assessment criteria (pass/fail or some quantitative measure) 

can be derived from the SRS itself. 

Traceable Each requirement in an SRS must be uniquely identified to a 

source (use case, government requirement, industry standard, 

etc.) 

Unambiguous SRS must contain requirements statements that can be 

interpreted in one way only. This is another area that creates 

significant problems for SRS development because of the use of 

natural language. 

Valid A valid SRS is one in which all parties and project participants 

can understand, analyze, accept, or approve it. This is one of the 

main reasons SRSs are written using natural language. 

Verifiable A verifiable SRS is consistent from one level of abstraction to 

another. Most attributes of a specification are subjective and a 

conclusive assessment of quality requires a technical review by 

domain experts. Using indicators of strength and weakness 

provide some evidence that preferred attributes are or are not 

present. 

  

What makes an SRS "good?" How do we know when we've written a "quality" 

specification? The most obvious answer is that a quality specification is one that fully 

addresses all the customer requirements for a particular product or system. That's part 

of the answer. While many quality attributes of an SRS are subjective, we do need 

indicators or measures that provide a sense of how strong or weak the language is in 

an SRS. A "strong" SRS is one in which the requirements are tightly, unambiguously, 

and precisely defined in such away that leaves no other interpretation or meaning to 

any individual requirement. 

Table 5 Quality measures related to individual SRS statements 
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Imperatives: Words and phrases that command the presence of some feature, 

function, or deliverable. They are listed below in decreasing order of strength. 

Shall Used to dictate the provision of a functional capability. 

Must or must 

not 

Most often used to establish performance requirement or 

constraints. 

Is required to Used as an imperative in SRS statements when written in 

passive voice. 

Are applicable Used to include, by reference, standards, or other 

documentation as an addition to the requirement being 

specified. 

Responsible for Used as an imperative in SRSs that are written for systems 

with pre-defined architectures. 

Will Used to cite things that the operational or development 

environment is to provide to the capability being specified. For 

example, The vehicle's exhaust system will power the ABC 

widget. 

Should Not used often as an imperative in SRS statements; however, 

when used, the SRS statement always reads weak. Avoid 

using Should in your SRSs. 

Continuances: Phrases that follow an imperative and introduce the specification of 

requirements at a lower level. There is a correlation with the frequency of use 

of continuances and SRS organization and structure, up to a point. Excessive use 

of continuances often indicates a very complex, detailed SRS. 

The continuances below are listed in decreasing order of use within NASA SRSs. 

Use continuances in your SRSs, but balance the frequency with the appropriate 

level of detail called for in the SRS. 

1. Below: 

2. As follows: 

3. Following: 

4. Listed: 

5. In particular: 
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6. Support: 

Directives: Categories of words and phrases that indicate illustrative information 

within the SRS. A high ratio of total number of directives to total text line count 

appears to correlate with how precisely requirements are specified within the SRS. 

The directives below are listed in decreasing order of occurrence within NASA 

SRSs. Incorporate the use of directives in your SRSs. 

1. Figure 

2. Table 

3. For example 

4. Note 

Options: A category of words that provide latitude in satisfying the SRS statements 

that contain them. This category of words loosens the SRS, reduces the client's 

control over the final product, and allows for possible cost and schedule risks. You 

should avoid using them in your SRS. The options below are listed in the order 

they are found most often in NASA SRSs. 

1. Can 

2. May 

3. Optionally 

Weak phrases: A category of clauses that can create uncertainty and 

multiple/subjective interpretation. The total number of weak phrases found in an 

SRS indicates the relative ambiguity and incompleteness of an SRS. The weak 

phrases below are listed alphabetically. 

Adequate be able to easy provide for 

as a minimum be capable of effective timely 

as applicable but not limited 

to 

if possible tbd 

as appropriate capability of if practical   

at a minimum capability to normal   

Size: Used to indicate the size of the SRS document, and is the total number of the 

following: 
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1. Lines of text 

2. Number of imperatives 

3. Subjects of SRS statements 

4. Paragraphs 

Text Structure: Related to the number of statement identifiers found at each 

hierarchical level of the SRS and indicate the document's organization, 

consistency, and level of detail. The most detailed NASA SRSs were nine levels 

deep. High-level SRSs were rarely more than four levels deep. SRSs deemed well 

organized and a consistent level of detail had text structures resembling pyramids 

(few level 1 headings but each lower level having more numbered statements than 

the level above it). Hour-glass-shaped text structures (many level 1 headings, few a 

mid-levels, and many at lower levels) usually contain a greater amount of 

introductory and administrative information. Diamond-shaped text 

structures (pyramid shape followed by decreasing statement counts at levels below 

the pyramid) indicated that subjects introduced at higher levels were addressed at 

various levels of detail. 

Specification Depth: The number of imperatives found at each of the SRS levels of 

text structure. These numbers include the count of lower level list items that are 

introduced at a higher level by an imperative and followed by a continuance. The 

numbers provide some insight into how much of the Requirements document was 

included in the SRS, and can indicate 

 how concise the SRS is in specifying the requirements. 

Readability Statistics: Measurements of how easily an adult can read and 

understand the requirements document. Four readability statistics are used 

(calculated by Microsoft Word). While readability statistics provide a relative 

quantitative measure, don't sacrifice sufficient technical depth in your SRS for a 

number. 

1. Flesch Reading Ease index 

2. Flesch-Kincaid Grade Level index 

3. Coleman-Liau Grade Level index 

4. Bormuth Grade Level index 

 

10. Problem Analysis 

 In order to efficient solution the problem must be analyzed properly, so that its 

nature can be exactly understood. Problem decomposition, sometimes called 

partitioning or problem elaboration, is an activity that sits at the core of software 
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requirements analysis .During the scoping activity no attempt is made to fully 

decompose the problem. Rather, decomposition is applied in two major areas: (1) the 

functionality that must be delivered and (2) the process that will be used to deliver it. 

Human beings tend to apply a divide and conquer strategy when they are confronted 

with complex problems. Stated simply, a complex problem is partitioned into smaller 

problems that are more manageable. This is the strategy that applies as project 

planning begins. Software functions, described in the statement of scope, are evaluated 

and refined to provide more detail prior to the beginning of estimation. Because both 

cost and schedule estimates are functionally oriented, some degree of decomposition is 

often useful. As an example, consider a project that will build a new word-processing 

product. Among the unique features of the product are continuous voice as well as 

keyboard input, extremely sophisticated “automatic copy edit” features, page layout 

capability, automatic indexing and table of contents, and others. The project manager 

must first establish a statement of scope that bounds these features (as well as other 

more mundane functions such as editing, file management, document production, and 

the like). For example, will continuous voice input require that the product be “trained” 

by the user? Specifically, what capabilities will the copy edit feature provide? Just how 

sophisticated will the page layout capability be? As the statement of scope evolves, a 

first level of partitioning naturally occurs. The project team learns that the marketing 

department has talked with potential customers and found that the following functions 

should be part of automatic copy editing: 

(1) spell checking, (2) sentence grammar checking, (3) reference checking for 

large documents (e.g., Is a reference to a bibliography entry found in the list of entries 

in the bibliography?), and (4) section and chapter reference validation for large 

documents. Each of these features represents a sub-function to be implemented in 

software. Each can be further refined if the decomposition will make planning easier. 

Data flow diagrams 

The Data Flow Diagram is also known as a Data Flow Graph or a Bubble Chart. A DFD 

serve the purpose of clarifying system requirements and identifying major 

transformations. DFDs show the flow of data through a system. It is an important 

modeling tool that allows us to picture a system as a network of functional process.  

Data flow diagrams are well known and widely used notations for specifying the 

functions of an information system. They describe system as collections of data that 

are manipulated by functions. Data can be organized in several ways: they can be 

stored in data repositories, they can flow in data flows and they can be transformed to 

or from the external environment.   

One of the reasons for the success of DFD is that they can be expressed by means of 

an attractive graphical notation that makes them easy to use. 
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Symbols used for constructing DFDs 

There are different types of symbols used to construct DFDs. The meaning of 

each symbol is explained below: 

1.  Functional symbol: 

A Function is represented using a circle. This symbol is called a process or a 

bubble or performs some processing of input data. 

 
2.  External entity 

A square defines a source of destination of system data. External entities 

represent any entity that supplies or receives information from the system but is not a 

part of the system. 

 
 

3.  Data flow symbol 

A directed arc or arrow is used as a data flow symbol. A data flow symbol 

represents the data flow occurring between two processes or between an external entity 

and a process in the direction of data flow arrow. 

 
4.  Data store symbol 

A data store symbol is represented using two parallel lines. A logical file can 

represent either a data store symbol, which can represent either a data structure or a 

physical file on the disk. Each data store is connected to a process by means of a data 

flow symbol. The direction of data flow arrow shows whether data is being read from or 

written into a data store. 

 
5.  Output symbol 

It is used to represent data acquisition and production during human computer 

interaction. 

 

Example of DFD 

Figure 1 shows how the symbols can be composed to form a DFD. The DFD 

describes the arithmetic expression 

( a + b ) * ( c + a + d ) 
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Assuming that the data a,b,c and d are read from a terminal and the result is 

printed. The figure shows that the arrow can be “forked” to represent the fact that the 

same datum is used in different places. 

 

Figure 1 

 

Figure 2 describes a simplified information system for a public library. The data 

and functions shown are not necessarily computer data and computer functions. The 

DFD describes physical objects, such as books and shelves together with data stores 

that are likely to be but not necessarily realized as computer files. Getting a book from 

the shelf can be done either automatically by a robot or manually. In both cases the 

action of getting a book is represented by a function depicted by a bubble. The figure 

could even represent the organization of a library with no computerized procedures. 
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Figure 2 

 Figure describes the fact that in order to obtain a book, the following are 

necessary: an explicit user request consisting of the title and the name of the author of 

the book and the users name; access to the shelves that contain the books; a list of 

authors; and a list of titles. These provide the information necessary to find the book. 

General guidelines and rules for constructing DFD 

 The following guidelines will help avoid constructing DFDs that are quite simply 

wrong or incomplete. 

 Remember that a DFD is not a flow chart. 

 All names should be unique. 

 Processes are always running, they do not start or stop. 

 All data flows are named. 

 Do numbering of processes 

 Avoid complex DFD (if possible) 

 The DFD should be internally consistent. 

 Keep a note of all the processes and external entities. Give unique names to 

them. Identify the manner in which they interact with each other. 

 Every process should have minimum of one input and one output. 
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 The direction of flow is from source to destination. 

 Only data needed to perform the process should be an input to the process. 

Data Dictionary 

Every DFD model of a system must be accompanied by a data dictionary. A data 

dictionary lists all data items appearing in the DFD model of a system. The data items 

listed include all data flows and the contents of all data stores appearing on all the 

DFDs in the DFD model of a system. in other words the data flow diagrams, we have 

given names to data flows, processes and data stores. Although the names are 

descriptive of the data, they do not give details. So following the DFD, our interest is to 

build some structures place to keep details of the contents of data flows, processes and 

data stores. A data dictionary is a structured repository of data about data. It is a set 

of rigorous definitions of all DFD data elements and data structures 

A data dictionary lists the purpose of all data items and the definition of all composite 

data items In terms of their component data items. For example, a data dictionary 

entry may represent that the data grossPay consists of the components regularPay and 

overtimePay. 

grossPay = regularPay + overtimePay 

For the smallest units of data items, the data dictionary lists their name and their 

type. The operators using a composite data item can be expressed in terms of their 

component data items: 

 A data dictionary provides a standard terminology for all relevant data for use 

by all engineers working in the same project. A consistent vocabulary or data 

items is very important, since in large projects different engineers have a 

tendency to use different terms to refer to the same data, which unnecessarily 

causes confusion. 

 The data dictionary provides the analyst with a means to determine the 

definition of different data structures in terms of their component elements. 

For large systems, the data dictionary can be extremely complex and 

voluminous. Even moderate-sized projects can have thousands of entries in the data 

dictionary. It becomes extremely difficult to maintain a voluminous dictionary 

manually. Computer Aided Software Engineering (CASE) tools come handy to overcome 

this problem. Most CASE tools usually capture the data items appearing in a DFD and 

automatically generate the data dictionary. These tools also support some query 

language facility to raise queries about the definition and usage of data items. For 

example, queries may be formulated either to determine which data item affects which 

processes, which process affects which data items, or to find the definition and usage 

of specific data items, and so on. Query handling is facilitated by storing the data 

dictionary in a Relational Database Management System (RDBMS). 
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 Once we have constructed a DFD and its associated data dictionary, we have to 

somehow verify that they are "correct". There can be no formal verification of a DFD, 

because what the DFD is modeling is not formally specify anywhere against which 

verification can be done. Human processes and rule of thumb must be used for 

verification. In addition to the walkthrough with the client, the analyst should look for 

common errors. Some common errors are 

1. Unlabeled data flows. 

2. Missing data flows: Information required by a process is not available. 

3. Extraneous data flows: Some information is not bein used in the process 

4. Consistency not maintained during refinement 

5. Missing processes 

6. Contains some control information 

The DFDs should be carefully scrutinized to make sure that all the processes in the 

physical environment are shown in the DFD. It should also be ensured that none of the 

data flows is actually carrying control information. 

11. Summary 

There's so much more we could say about requirements and specifications. Hopefully, 

this information will help you get started when you are called upon--or step up--to help 

the development team. Writing top-quality requirements specifications begins with a 

complete definition of customer requirements. Coupled with a natural language that 

incorporates strength and weakness quality indicators--not to mention the adoption of 

a good SRS template--technical communications professionals well-trained in 

requirements gathering, template design, and natural language use are in the best 

position to create and add value to such critical project documentation. 
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