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INSTITUTIONAL MISSION AND VISION

Objectives  

 To provide quality education and groom top-notch professionals, entrepreneurs and leaders for different 

fields of engineering, technology and management.

 To open a Training-R & D-Design-Consultancy cell in each department, gradually introduce doctoral 

and postdoctoral programs, encourage basic & applied research in areas of social relevance, and 

develop the institute as a center of excellence.

 To develop academic, professional and financial alliances with the industry as well as the academia at  

national and transnational levels.

 To develop academic, professional and financial alliances with the industry as well as the academia at  

national and transnational levels.

 To cultivate strong community relationships and involve the students and the staff in local community 

service.

 To constantly enhance the value of the educational inputs with the participation of students, faculty, 

parents and industry.

Vision  

 Development of academically excellent, culturally vibrant, socially responsible and globally competent 

human resources.

Mission  

 To keep pace with advancements in knowledge and make the students competitive and capable at the 

global level.

 To create an environment for the students to acquire the right physical, intellectual, emotional and 

moral foundations and shine as torch bearers of tomorrow's society.

 To strive to attain ever-higher benchmarks of educational excellence.



Department         of         Computer         Science         And         Engineering      

Vision of the Department

To develop highly talented individuals in computer science and engineering to deal with real world challenges 
in industry, education, research and society.

Mission of the Department

 To  inculcate  professional  behavior,  strong  ethical  values,  innovative  research  capabilities  and  leadership 

abilities in the young minds & to provide a teaching environment that emphasizes depth, originality and critical  

thinking.

 Motivate students to put their thoughts and ideas adoptable by industry or to pursue higher studies leading 

to research.

Program Educational Objectives (PEO'S):

1. Empower students with a strong basis in the mathematical, scientific and engineering fundamentals to 

solve computational problems and to prepare them for employment, higher learning and R&D.

2. Gain technical knowledge, skills and awareness of current technologies of computer science 

engineering  and  to  develop  an  ability  to  design  and  provide  novel  engineering  solutions  for 

software/hardware problems through entrepreneurial skills.

3. Exposure  to  emerging  technologies  and  work  in  teams  on  interdisciplinary  projects  with  effective 

communication skills and leadership qualities.

4. Ability to function ethically and responsibly in a rapidly changing environment by applying innovative 

ideas in the latest technology, to become effective professionals in Computer Science to bear a life-long 

career in related areas.

Program Specific Outcomes (PSOs)

1. Ability to apply skills in the field of algorithms, database design, web design, cloud computing and 

data analytics.

2. Apply knowledge In the field of computer networks for building network and internet based 

applications.
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MODULE –1 

CHAPTER 1 --INTRODUCTION 

Software and Software Engineering 
 

Software Engineering is the product of two words, software, and engineering. 

 

Software is more than just a program code. A program is an executable code, which serves some 

computational purpose. Software is considered to be a collection of executable programming code, 

associated libraries and documentations. Software, when made for a specific requirement is called a 

software product. 

 

Engineering on the other hand, is all about developing products, using well-defined, scientific 

principles and methods. 

Software Engineering is an engineering branch associated with development of software product 

using well-defined scientific principles, methods and procedures. The outcome of software 

engineering is an efficient and reliable software product. 

Definitions 

 

IEEE defines software engineering as: 

 

(1) The application of a systematic, disciplined, quantifiable approach to the development, 

operation and maintenance of software; that is, the application of engineering to software. 

 

(2) The study of approaches as in the above statement. 

 

Fritz Bauer, a German computer scientist, defines software engineering as: Software engineering 

is the establishment and use of sound engineering principles in order to obtain economically software 

that is reliable and work efficiently on real machines. 

 

1.1 The Nature of software 

Software takes on a dual role. It is a Product and at the same time a Vehicle (Process) for 

delivering a product. 

 

As a Product, it produces, manages, modifies, acquires and displays the information–It is an 

information transformer that can be a single bit or a complex multimedia presentation delivered 

from data acquired from dozens of independent sources. 

 

As a Vehicle (Process), delivers the product. Software acts as the basis for: 

 Control of other computer(Operating Systems) 
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 Communication of Information(Networks) 

 Creation and control of other programs(Software Tools and Environment) 

 

Software delivers the most important product of our time called information. It transforms personal 

data (Individual financial transactions), It manages business information, It provides gateway to 

worldwide information networks (Internet) and provides the means for acquiring information in all 

of its forms. 

 

1.1.1 Software 

 

Defining Software : Software is defined as 

 

1. Instructions : Programs that when executed provide desired function, features, and 

performance. 

2. Data structures: Enable the programs to adequately manipulate information. 

3. Documents: Descriptive information in both hard copy and virtual forms that describes the 

operation and use of the programs. 

Characteristics of software 

 

Software has characteristics that are considerably different than those of hardware: 

 

1) Software is developed or engineered; it is not manufactured in the Classical Sense. 

 

 Although some similarities exist between software development and hardware 

manufacturing, the two activities are fundamentally different.

 In both activities, high quality is achieved through good design, but the manufacturing phase 

for hardware can introduce quality problems that are nonexistent or easily corrected for 

software.

 Both the activities are dependent on people, but the relationship between people is totally 

varying. These two activities require the construction of a "product" but the approaches are 

different.

 Software costs are concentrated in engineering which means that software projects cannot 

be managed as if they were manufacturing.

 

2) Software doesn’t “Wear Out” 

 In early stage of hardware development process the failure rate is very high due to 

manufacturing defects, but after correcting defects failure rate gets reduced.

 Hardware components suffer from the growing effects of many other environmental 

factors. Stated simply, the hardware begins to wear out.

 Software is not susceptible to the environmental maladies (extreme temperature, dusts and 

vibrations) that cause hardware to wear out [Fig:1.1]

The following figure shows the relationship between failure rate and time. 
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 When a hardware component wears out, it is replaced by a spare part. There are no software 

spare parts.

 Every software failure indicates an error in design or in the process through which the design 

was translated into machine-executable code. Therefore, the software maintenance tasks that 

accommodate requests for change involve considerably more complexity than hardware 

maintenance. However, the implication is clear—the software doesn’t wear out. But it does 

deteriorate (frequent changes in requirement) [Fig:1.2].
 

 

 A software part should be planned and carried out with the goal that it tends to be reused in 

various projects (algorithms and data structures).

 Today software industry is trying to make library of reusable components E.g. Software GUI 

is built using the reusable components such as message windows, pull down menu and many 

more such components.

 In the hardware world, component reuse is a natural part of the engineering process.

 

 

 

 

 

 

 

 

 

 

 

 

 

3) Most Software is custom-built rather than being assembled from components: 

https://www.geeksforgeeks.org/software-engineering-software-maintenance/
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1.1.2 Software Application Domains 

Nowadays, seven broad categories of computer software present continuing challenges for software 

engineers: 

 

1. System Software: 

 A collection of programs written to service other programs. Some system software 

(e.g., compilers, editors, and file management utilities). Other system applications 

(e.g. Operating system components, drivers, networking software, telecommunication 

processors) process largely indeterminate data. 

  In both cases there is heavy interaction with computer hardware, heavy usage by 

multiple users, scheduling and resource sharing. 

2. Application Software: 

 Stand-alone programs that solve a specific business need. [Help users to perform 

specific tasks]. 

 Application software is used to control business functions in real time (e.g., point-of- 

sale transaction processing, real-time manufacturing process control). 

3. Engineering/Scientific Software: 

 It has been characterized by “number crunching” algorithms. (Complex numeric 

computations). 

 Applications range from astronomy to volcanology, from automotive stress analysis 

to space shuttle orbital dynamics, and from molecular biology to automated 

manufacturing. Computer-aided design, system simulation, and other interactive 

applications have begun to take a real-time and even system software characteristic. 

4. Embedded Software: 

 It resides within a product or system and is used to implement and control features 

and functions for the end user and for the system itself. 

 Embedded software can perform limited and esoteric functions (e.g., keypad control 

for a microwave oven) or provide significant function and control capability (e.g., 

digital functions in an automobile such as fuel control dashboard displays, and 

braking systems). 

5. Product-line Software: 

 Designed to provide a specific capability for use by many different customers. 

 Product-line software can focus on a limited and esoteric marketplace (e.g., 

inventory control products) or address mass consumer markets (e.g., word 

processing, spreadsheets, computer graphics, multimedia, entertainment, database 

management, and personal and business financial applications). 

6. Web Applications: 

 It is a client-server computer program that the client runs on the web browser. 
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 These applications are called “WebApps,” this network-centric software category 

spans a wide array of applications. In their simplest form, WebApps can be little 

more than a set of linked hypertext files that present information using text and 

limited graphics. 

 

7. Artificial Intelligence Software: 

 These makes use of non-numerical algorithms to solve complex problems. 

Knowledge based expert systems. 

 Applications within this area include robotics, expert systems, pattern recognition 

(image and voice), artificial neural networks, theorem proving, and game playing. 

New Software Challenges: 

 Open-world computing: Creating software to allow machines of all sizes to communicate 

with each other across vast networks (Distributed computing—wireless networks). 

 

 Net sourcing: Architecting simple and sophisticated applications that benefit targeted end- 

user markets worldwide (the Web as a computing engine). 

 

 Open Source: Distributing source code for computing applications so customers can make 

local modifications easily and reliably ( “free” source code open to the computing 

community). 

 

1.1.3 Legacy Software 

 

 Legacy software is older programs that are developed decades ago. 

 The quality of legacy software is poor because it has inextensible design, convoluted 

code, poor and nonexistent documentation, test cases and results that are not 

achieved. 

 

As time passes legacy systems evolve due to following reasons: 

 

  The software must be adapted to meet the needs of new computing environment 

or technology. 

 The software must be enhanced to implement new business requirements. 

 

  The software must be extended to make it interoperable with more modern 

systems or database. 

 

  The software must be re-architected to make it viable within a network 

environment. 



SOFTWARE ENGINEERING AND PROJECT MANAGEMENT (BCS501) 

 

 
6 

 

 

1.2 Unique Nature of Web Apps 

In the early days of the World Wide Web (1990-95), websites consisted of little more than a set of 

linked hypertext files (HTML) that presented information using text and limited graphics. As 

time passed, the augmentation of HTML by development tools (e.g., XML, Java) enabled Web 

engineers to provide computing capability along with informational content. 

 

Web-based systems and applications (WebApps) were born. Today, WebApps have evolved into 

sophisticated computing tools that not only provide stand-alone function to the end user, but also 

have been integrated with corporate databases and business applications. 

 

WebApps are one of a number of distinct software categories. Web-based systems and 

applications “involve a mixture between print publishing and software development, between 

marketing and computing, between internal communications and external relations, and between art 

and technology.” 

 

The following attributes are encountered in the vast majority of WebApps. 

 

 Network intensiveness. A WebApp resides on a network and must serve the needs of a 

diverse community of clients. The network may enable worldwide access and 

communication (i.e., the Internet) or more limited access and communication (e.g., a 

corporate Intranet). 

 Concurrency. A large number of users may access the WebApp at one time. In many cases, 

the patterns of usage among end users will vary greatly. 

 

 Unpredictable load. The number of users of the WebApp may vary by orders of magnitude 

from day to day. One hundred users may show up on Monday; 10,000 may use the system 

on Thursday. 

 

 Performance. WebApp should work effectively in terms of processing speed. If a WebApp 

user must wait too long (for access, for server-side processing, for client-side formatting and 

display), he or she may decide to go elsewhere. 

 Availability. Although expectation of 100 percent availability is un reasonable, users of 

popular WebApps often demand access on a 24/7/365 basis . 

 

 Data driven. The primary function of many WebApps is to use hypermedia to present text, 

graphics, audio, and video content to the end user. In addition, WebApps are commonly used 

to access information that exists on databases that are not an integral part of the Web- based 

environment (e.g., e-commerce or financial applications). 

 

 Content sensitive. The quality and aesthetic nature of content remains an important 

determinant of the quality of a WebApp. 
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 Continuous evolution. Unlike conventional application software that evolves over a series 

of planned, chronologically spaced releases, Web applications evolve continuously. 

  Immediacy. Although immediacy—the compelling need to get software to market 

quickly—is a characteristic of many application domains, WebApps often exhibit a time- to-

market that can be a matter of a few days or weeks. 

 

 Security. Because WebApps are available via network access, it is difficult, if not 

impossible, to limit the population of end users who may access the application. In order to 

protect sensitive content and provide secure modes 

 

 Aesthetics. An undeniable part of the appeal of a WebApp is its look and feel. When an 

application has been designed to market or sell products or ideas, aesthetics may have as 

much to do with success as technical design. 

 

1.3 Software Engineering -A Layered Technology 

In order to build software that is ready to meet the challenges of the 21st century, you 

must recognize a few simple realities. 

 

 Problems should be understood before a software solution is developed. 

 

 Design is a pivotal Software Engineering activity. 

 

 Software should exhibit high quality. 

 

 Software should be maintainable 

 

These simple realities lead to one conclusion. Software in all of its forms and across all of its 

application domains should be engineered. 

 

Software Engineering: 

Fritz Bauer defined as: 

 
Software engineering is the establishment and use of sound engineering principles in order to 
obtain software that is reliable and works efficiently on real machines in economical manner. 

 

IEEE has developed a more comprehensive definition as: 

 

1) Software engineering is the application of a systematic, disciplined, quantifiable approach to 

the development, operation, and maintenance of software. 

 

2) The study approaches as in (1) 
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Software Engineering is a layered technology. Software Engineering encompasses a Process, 

Methods for managing and engineering software and tools. 

 

Software engineering is a fully layered technology, to develop software we need to go from one 

layer to another. All the layers are connected and each layer demands the fulfillment of the previous 

layer.[Fig:1.3] 
 

 

Software engineering is a layered technology. Referring to above Figure, any engineering 

approach must rest on an organizational commitment to quality. 

 

 The bedrock that supports software engineering is a quality focus. 

 

 The foundation for software engineering is the process layer. The software engineering 

process is the glue that holds the technology layers together and enables rational and timely 

development of computer software. Process defines a framework that must be established 

for effective delivery of software engineering technology. 

 

 Software engineering methods provide the technical how-to’s for building software. 

Methods encompass a broad array of tasks that include communication, requirements 

analysis,  design  modeling,  program  construction,  testing,  and  support. 

 Software engineering tools provide automated or semi-automated support for the process 

and the methods. When tools are integrated so that information created by one tool can be 

used by another, a system for the support of software development, called computer-aided 

software engineering is established. 

 

1.4 THE SOFTWARE PROCESS 

A process is a collection of activities, actions, and tasks that are performed when some 

work product is to be created. 
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An activity strives to achieve a broad objective (e.g. communication with stakeholders) and 

is applied regardless of the application domain, size of the project, complexity of the effort, or degree 

of rigor with which software engineering is to be applied. 

 

An action encompasses a set of tasks that produce a major work product (e.g., an 

architectural design model). 

 

A task focuses on a small, but well-defined objective (e.g., conducting a unit test) that 

produces a tangible outcome. 

 

A process framework establishes the foundation for a complete software engineering process by 

identifying a small number of framework activities that are applicable to all software projects, 

regardless of their size or complexity. In addition, the process framework encompasses a set of 

umbrella activities that are applicable across the entire software process. 

 

A generic process framework for software engineering encompasses five activities: 

 Communication. Before any technical work can commence, it is critically important to 

communicate and collaborate with the customer. The intent is to ‘understand stakeholders’ 

objectives for the project and to gather requirements that help define software features and 

functions. 

 Planning. A software project is a complicated journey, and the planning activity creates a 

“map” that helps guide the team as it makes the journey. The map—called a software project 

plan—defines the software engineering work by describing the technical tasks to be 

conducted, the risks that are likely, the resources that will be required, the work products to 

be produced, and a work schedule. 

 

 Modeling. Creation of models to help developers and customers understand the requirements 

and software design. 

 

 Construction. This activity combines code generation and the testing that is required to 

uncover errors in the code. 

 

 Deployment. The software is delivered to the customer who evaluates the delivered product 

and provides feedback based on the evaluation. 

 

These five generic framework activities can be used during the development of small, simple 

programs, the creation of large Web applications, and for the engineering of large, complex 

computer-based systems. 

 

Software engineering process framework activities are complemented by a number of Umbrella 

Activities. In general, umbrella activities are applied throughout a software project and help a 

software team manage and control progress, quality, change, and risk. 
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Typical umbrella activities include: 

 Software project tracking and control—allows the software team to assess progress against 

the project plan and take any necessary action to maintain the schedule. 

  Risk management—assesses risks that may affect the outcome of the project or the quality 

of the product. 

 

 Software quality assurance—defines and conducts the activities required to ensure software 

quality. 

 

 Technical reviews—assesses software engineering work products in an effort to uncover and 

remove errors before they are propagated to the next activity. 

 

 Measurement—defines and collects process, project, and product measures that assist the 

team in delivering software that meets stakeholders needs; can be used in conjunction with all 

other framework and umbrella activities. 

 

 Software configuration management—manages the effects of change throughout the 

software process. 

 

  Reusability management—defines criteria for work product reuse and establishes 

mechanisms to achieve reusable components. 

 

  Work product preparation and production—encompasses the activities required to create 

work products such as models, documents, logs, forms, and lists. 

 

The Software Engineering process is not rigid---It should be agile and adaptable. Therefore, a 

process adopted for one project might be significantly different than a process adopted for another 

project. 

Among the differences are: 

 

 Overall flow and level of interdependencies among tasks 

 

 Degree to which work tasks are defined within each framework activity 

 

 Degree to which work products are identified and required 

 

 Manner in which quality assurance activities are applied 

 

 Manner in which project tracking and control activities are applied 

 

 Overall degree of detail and rigor of process description 
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 Degree to which stakeholders are involved in the project 

 

 Level of autonomy given to project team 

 

 Degree to which team organization and roles are prescribed 

 

1.5 THE SOFTWARE ENGINEERING PRACTICE 

Generic concepts and principles that apply to framework activities: 

1.5.1 The Essence of Practice 

 Understand the problem (communication and analysis) 

 Plan a solution (software design) 

 Carry out the plan (code generation) 

 Examine the result for accuracy (testing and quality assurance). 

These steps lead to series of questions: 

 

Understand the Problem 

 Who are the stakeholders? 

 What are the Unknowns? What functions and features are required to solve the problem? 

 Is it possible to create smaller problems that are easier to understand? 

 Can a graphic analysis model be created? 

 

Plan the Solution 

 Have you seen similar problems before? Is there existing software that implements these 

features. 

 Has a similar problem been solved? ‘ 

 Can readily solvable sub problems be defined? 

 Can a design model be created? –Effective implementation. 

Carry Out the Plan 

 Does solution conform to the plan? Is source code traceable to the design model? 

 Is each solution component provably, correct? Have design and code be reviewed? 

 

Examine the Result 

 Is it possible to test each component part of the solution? 

 Does the solution produce results that conform to the data, functions, and features 

required? 
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1.5.2 Software General Principles 

The dictionary defines the word principle as “an important underlying law or assumption 

required in a system of thought.” David Hooker has Proposed seven principles that focus on software 

Engineering practice. 

 

The First Principle: The Reason It All Exists 

A software system exists for one reason: to provide value to its users. 

 

The Second Principle: KISS (Keep It Simple, Stupid!) 

Software design is not a haphazard process. There are many factors to consider in any design 

effort. All design should be as simple as possible, but no simpler. 

 

The Third Principle: Maintain the Vision 

A clear vision is essential to the success of a software project. Without one, a project almost 

unfailingly ends up being “of two [or more] minds” about itself. 

 

The Fourth Principle: What You Produce, Others Will Consume 

Always specify, design, and implement knowing someone else will have to understand what 

you are doing. 

 

The Fifth Principle: Be Open to the Future A system with a long lifetime has more value. Never 

design yourself into a corner. Before beginning a software project, be sure the software has a 

business purpose and that users perceive value in it. 

 

The Sixth Principle: Plan Ahead for Reuse Reuse saves time and effort. Planning ahead for reuse 

reduces the cost and increases the value of both the reusable components and the systems into which 

they are incorporated. 

 

The Seventh principle: Think! Placing clear, complete thought before action almost always 

produces better results. When you think about something, you are more likely to do it right. 

 

1.6 SOFTWARE MYTHS 

Software Myths- beliefs about software and the process used to build it - can be traced to the earliest 

days of computing. Myths have a number of attributes that have made them insidious. For instance, 

myths appear to be reasonable statements of fact, they have an intuitive feel, and they are often 

promulgated by experienced practitioners who “know the score”. 

 

Management Myths: 

Managers with software responsibility, like managers in most disciplines, are often under pressure 

to maintain budgets, keep schedules from slipping, and improve quality. Like a drowning person 

who grasps at a straw, a software manager often grasps at belief in a software myth. 
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Myth: We already have a book that’s full of standards and procedures for building software. 

Won’t that provide my people with everything they need to know? 

Reality: 

 The book of standards may very well exist, but is it used? 

 Are software practitioners aware of its existence? 

 Does it reflect modern software engineering practice? 

 Is it complete? 

 Is it adaptable? 

 Is it streamlined to improve time to delivery while still maintaining a focus on Quality? 

 

In many cases, the answer to this entire question is NO. 

 

Myth: If we get behind schedule, we can add more programmers and catch up 

 

Reality: Software development is not a mechanistic process like manufacturing. “Adding people to 

a late software project makes it later.” At first, this statement may seem counterintuitive. However, 

as new people are added, people who were working must spend time educating the newcomers, 

thereby reducing the amount of time spent on productive development effort. 

People can be added but only in a planned and well-coordinated manner. 

 

Myth: If we decide to outsource the software project to a third party, I can just relax and let that 

firm build it. 

 

Reality: If an organization does not understand how to manage and control software project 

internally, it will invariably struggle when it out sources’ software project. 

 

Customer Myths: 

A customer who requests computer software may be a person at the next desk, a technical group 

down the hall, the marketing /sales department, or an outside company that has requested software 

under contract. In many cases, the customer believes myths about software because software 

managers and practitioners do little to correct misinformation. Myths led to false expectations and 

ultimately, dissatisfaction with the developers. 

Myth: A general statement of objectives is sufficient to begin writing programs - we can fill in 

details later. 

 

Reality: Although a comprehensive and stable statement of requirements is not always possible, an 

ambiguous statement of objectives is a recipe for disaster. Unambiguous requirements are developed 

only through effective and continuous communication between customer and developer. 
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Myth: Project requirements continually change, but change can be easily accommodated because 

software is flexible. 

Reality: It’s true that software requirement change, but the impact of change varies with the time at 

which it is introduced. When requirement changes are requested early, cost impact is relatively 

small. However, as time passes, cost impact grows rapidly – resources have been committed, a 

design framework has been established, and change can cause upheaval that requires additional 

resources and major design modification. 

 

Practitioner's myths. 

Myths that are still believed by software practitioners have been fostered by 50 years of 

programming culture. During the early days of software, programming was viewed as an art form. 

Old ways and attitudes die hard. 

 

Myth: Once we write the program and get it to work, our job is done. 

 

Reality: Someone once said that "the sooner you begin 'writing code', the longer it'll take you to get 

done.” Industry data indicate that between 60 and 80 percent of all effort consumed on software will 

be consumed after it is delivered to the customer for the first time. 

 

Myth: Until I get the program "running" I have no way of assessing its quality. 

 

Reality: One of the most effective software quality assurance mechanisms can be applied from the 

inception of a project—the formal technical review. Software reviews are a "quality filter" that have 

been found to be more effective than testing for finding certain classes of software defects. 

 

Myth: The only deliverable work product for a successful project is the working program. 

 

Reality: A working program is only one part of a software configuration that includes many 

elements. Documentation provides a foundation for successful engineering and, more important, 

guidance for software support. 

 

Myth: Software engineering will make us create voluminous and unnecessary documentation and 

will invariably slow us down. 

Reality: Software engineering is not about creating documents. It is about creating quality. Better 

quality leads to reduced rework. And reduced rework results in faster delivery times. Many software 

professionals recognize the fallacy of the myths just described. Regrettably, habitual attitudes and 

methods foster poor management and technical practices, even when reality dictates a better 

approach. Recognition of software realities is the first step toward formulation of practical solutions 

for software engineering. 
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MODULE 1 

CHAPTER 2-- PROCESS MODELS 

 
2.1 A GENERIC PROCESS MODEL 

 
A process was defined as a collection of work activities, actions, and tasks that are performed when 

some work product is to be created. Each of these activities, actions, and tasks reside within a 

framework or model that defines their relationship with the process and with one another. 

The software process is represented schematically in Figure 2.1. Each framework activity is 

populated by a set of software engineering actions. Each software engineering action is defined by 

a task set that identifies the work tasks that are to be completed, the work products that will be 

produced, the quality assurance points that will be required, and the milestones that will be used 

to indicate progress. 
 

 

As I discussed in Chapter 1, a generic process framework for software engineering defines five 

framework activities—communication, planning, modeling, construction, and deployment. In 

addition, a set of umbrella activities—project tracking and control, risk management, quality 
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assurance, configuration management, technical reviews, and others—are applied throughout 

the process. 

 

The important aspect of software process is “Process Flow” which describes how the framework 

activities and the actions and tasks that occur within each framework activity are organized with 

respect to sequence and time and is illustrated in Figure 2.2. 
 

 

 

 

A linear process [Fig:2.2(a)] flow executes each of the five framework activities in sequence, 

beginning with communication and culminating with deployment. 

 

An iterative process flow [Fig:2.2(b)] repeats one or more of the activities before proceeding to 

the next. 

 

An evolutionary process flow [Fig:2.2(c)] executes the activities in a “circular” manner. Each 

circuit through the five activities leads to a more complete version of the software. 
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A parallel process flow [Fig:2.2(d)] executes one or more activities in parallel with other activities 

(e.g. modeling for one aspect of the software might be executed in parallel with construction of 

another aspect of the software). 

 

2.1.1 Defining a Framework Activity 

 

There are five framework activities, they are 

o communication, 

o planning, 

o modeling, 

o construction, and 

o deployment. 

These five framework activities provide a basic definition of Software Process. These Framework 

activities provides basic information like What actions are appropriate for a framework activity, 

given the nature of the problem to be solved, the characteristics of the people doing the work, and 

the stakeholders who are sponsoring the project? 

 

1. Make contact with stakeholder via telephone. 

2. Discuss requirements and take notes. 

3. Organize notes into a brief written statement of requirements. 

4. E-mail to stakeholder for review and approval. 

 

If the project was considerably more complex with many stakeholders, each with a different set of 

requirements, the communication activity might have six distinct actions: inception, elicitation, 

elaboration, negotiation, specification, and validation. Each of these software engineering actions 

would have many work tasks and a number of distinct work products. 

 

2.1.2 Identifying a Task Set 

 Each software engineering action can be represented by a number of different task sets 

 Each a collection of software engineering o work tasks, 

o related work products, 

o quality assurance points, and 

o project milestones. 

 Choose a task set that best accommodates the needs of the project and the characteristics 

of software team. 

 This implies that a software engineering action can be adapted to the specific needs of the 

software project and the characteristics of the project team. 

2.1.3 Process Patterns 

 

A process pattern describes a process-related problem that is encountered during software 

engineering work, identifies the environment in which the problem has been encountered, and 
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suggests one or more proven solutions to the problem. Stated in more general terms, a process pattern 

provides you with a template —a consistent method for describing problem solutions within the 

context of the software process. 

 

Patterns can be defined at any level of abstraction. a pattern might be used to describe a problem 

(and solution) associated with a complete process model (e.g., prototyping). In other situations, 

patterns can be used to describe a problem (and solution) associated with a framework activity (e.g., 

planning) or an action within a framework activity (e.g., project estimating). 

 

Ambler has proposed a template for describing a process pattern: 

 

1. Pattern Name. The pattern is given a meaningful name describing it within the context of the 

software process (e.g., Technical Reviews). 

 

2. Forces. The environment in which the pattern is encountered and the issues that make the 

problem visible and may affect its solution. 

3. Type. The pattern type is specified. Ambler suggests three types: 

I. Stage pattern—Defines a problem associated with a framework activity for the process. 

Since a framework activity encompasses multiple actions and work tasks, a stage pattern 

incorporates multiple task patterns that are relevant to the stage (framework activity). 

E.g.: Establishing Communication. 

This pattern would incorporate the task pattern RequirementsGathering and others. 

 

II. Task pattern—Defines a problem associated with a software engineering action or 

work task and relevant to successful software engineering practice (e.g., Requirements 

Gathering). 

 

III. Phase pattern—Define the sequence of framework activities that occurs within the 

process, even when the overall flow of activities is iterative in nature. E.g: SpiralModel 

or Prototyping. 

 

4. Initial context. Describes the conditions under which the pattern applies. Prior to 

the initiation of the pattern: 

(1) What organizational or team-related activities have already occurred? 

(2) What is the entry state for the process? 

(3) What software engineering information or project information already exists? 

 

5. Problem. The specific problem to be solved by the pattern. 

 

6. Solution. Describes how to implement the pattern successfully. It also describes how 

software engineering information or project information that is available before the initiation 

of the pattern is transformed as a consequence of the successful execution of the pattern. 
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7. Resulting Context. Describes the conditions that will result once the pattern has been 

successfully implemented. Upon completion of the pattern: 

(1) What organizational or team-related activities must have occurred? 

(2) What is the exit state for the process? 

(3) What software engineering information or project information has been developed? 

 

8. Related Patterns. Provide a list of all process patterns that are directly related to this one. 

This may be represented as a hierarchy or in some other diagrammatic form. 

 

9. Known Uses and Examples. Indicate the specific instances in which the pattern is 

applicable. 

 

Conclusion on Process patterns 

 Provide an effective mechanism for addressing problems associated with any software 

process.

 The patterns enable you to develop a hierarchical process description that begins at a high 

level of abstraction (a phase pattern).

 The description is then refined into a set of stage patterns that describe framework activities

  Once process patterns have been developed, they can be reused for the definition of 
process variants.

 

2.2 PROCESS ASSESSMENT AND IMPROVEMENT 

The existence of a software process is no guarantee that software will be delivered on time, that 

it will meet the customer’s needs. 

Process patterns must be coupled with solid software engineering practice. 

Assessment attempts to understand the current state of the software process with the intent on 

improving it. 

 

A number of different approaches to software process assessment and improvement have been 

proposed over the past few decades. 

 

Standard CMMI Assessment Method for Process Improvement (SCAMPI)- Provides a 

five step process assessment model that incorporates five phases: initiating, diagnosing, 

establishing, acting, and learning. The SCAMPI method uses the SEI CMMI as the basis 

for assessment. 

 

CMM-Based Appraisal for Internal Process Improvement (CBA IPI)-Provides a 

diagnostic technique for assessing the relative maturity of a software organization; uses the 

SEI CMM as the basis for the assessment. 

 

SPICE (ISO/IEC15504)—a standard that defines a set of requirements for software process 
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assessment. The intent of the standard is to assist organizations in developing an objective 

evaluation of the efficacy of any defined software process. 

 

ISO 9001:2000 for Software—a generic standard that applies to any organization that wants 

to improve the overall quality of the products, systems, or services that it provides. Therefore, 

the standard is directly applicable to software organizations and companies. 
 

 
Elements of SPI (Software Process Improvement) framework. 

 

 

2.3 PRESCRIPTIVE PROCESS MODELS 

Prescriptive process models were originally proposed to bring order to the chaos (disorder) 

of software development. 

 These models have brought a certain amount of useful structure to software engineering 

work and have provided a reasonably effective road map for software teams. 

  The edge of chaos is defined as “a natural state between order and chaos, a grand 

compromise between structure and surprise”. 

 The edge of chaos can be visualized as an unstable, partially structured state. 

 It is unstable because it is constantly attracted to chaos or to absolute order. 

 The prescriptive process approach in which order and project consistency are dominant 

issues. 

 “prescriptive” means prescribe a set of process elements 

o framework activities, 

o software engineering actions, 

o tasks, 

o work products, 

o quality assurance, and 

o change control mechanisms for each project. 
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 Each process model also prescribes a process flow (also called a work flow)—that is, the 

manner in which the process elements are interrelated to one another. 

  All software process models can accommodate the generic framework activities, but each 

applies a different emphasis to these activities and defines a process flow that invokes each 

framework activity in a different manner. 

The Waterfall Model 

The waterfall model, Fig [2.3] sometimes called the classic life cycle, suggests a systematic, 

sequential approach to software development that begins with customer specification of 

requirements and progresses through planning, modeling, construction, and deployment. 
 

 

 

V- model 
A variation in the representation of the waterfall model is called the V-model. represented 

in the following Fig:2.4. The V-model depicts the relationship of quality assurance actions to the 

actions associated with communication, modeling, and early construction activities. 
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As a software team moves down the left side of the V, basic problem requirements are refined 

into progressively more detailed and technical representations of the problem and its solution. Once 

code has been generated, the team moves up the right side of the V, essentially performing a series 

of tests that validate each of the models created as the team moved down the left side. The V-model 

provides a way of visualizing how verification and validation actions are applied to earlier 

engineering work. 

 

The waterfall model is the oldest paradigm for software engineering. The problems that are 

sometimes encountered when the waterfall model is applied are: 

 

1. Real projects rarely follow the sequential flow that the model proposes. Although a linear 

model can accommodate iteration, it does so indirectly. As a result, changes can cause 

confusion as the project team proceeds. 

 

2. It is often difficult for the customer to state all requirements explicitly. The waterfall model 

requires this and has difficulty accommodating the natural uncertainty that exists at the 

beginning of many projects. 

3.  The customer must have patience. A working version of the program(s) will not be available 

until late in the project time span. 

 

This model is suitable whenever limited number of new development efforts and when 

requirements are well defined and reasonably stable. 

 

2.4 INCREMENTAL PROCESS MODELS 

The incremental model delivers a series of releases, called increments, that provide 

progressively more functionality for the customer as each increment is delivered. 

 

The incremental model combines elements of linear and parallel process flows. Referring 

to Fig 2.5 The incremental model applies linear sequences in a staggered fashion as calendar time 

progresses. Each linear sequence produces deliverable “increments” of the software in a manner that 

is similar to the increments produced by an evolutionary process flow. 

 

For example, word-processing software developed using the incremental paradigm might 

deliver basic file management, editing, and document production functions in the first increment; 

more sophisticated editing and document production capabilities in the second increment; spelling 

and grammar checking in the third increment; and advanced page layout capability in the fourth 

increment. 

 

 When an incremental model is used, the first increment is often a core product. That is, 

basic requirements are addressed but many extra features remain undelivered. The core 

product is used by the customer. As a result of use and/or evaluation, a plan is developed 
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for the next increment. 

 The plan addresses the modification of the core product to better meet the needs of the 

customer and the delivery of additional features and functionality. This process is repeated 

following the delivery of each increment, until the complete product is produced. 

 

 Incremental development is particularly useful when staffing is unavailable for a complete 

implementation by the business deadline that has been established for the project. Early 

increments can be implemented with fewer people. If the core product is well received, then 

additional staff (if required) can be added to implement the next increment. In addition, 

increments can be planned to manage technical risks. 
 

 

 

 

 

2.5 EVOLUTIONARY PROCESS MODELS 

Evolutionary models are iterative. They are characterized in a manner that enables you to 

develop increasingly more complete versions of the software with each iteration. There are two 

common evolutionary process models. 

 

2.5.1 Prototyping Model 

Often, a customer defines a set of general objectives for software, but does not identify 

detailed requirements for functions and features. In other cases, the developer may be unsure of the 
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efficiency of an algorithm, the adaptability of an operating system, or the form that human- machine 

interaction should take. In these, and many other situations, a prototyping paradigm may offer the 

best approach. 

 

Although prototyping can be used as a stand-alone process model, it is more commonly used 

as a technique that can be implemented within the context of any one of the process models. 

 

The prototyping paradigm FIG:2.6 begins with communication. You meet with other 

stakeholders to define the overall objectives for the software, identify whatever requirements are 

known, and outline areas where further definition is mandatory. A prototyping iteration is planned 

quickly, and modeling (in the form of a “quick design”) occurs. A quick design focuses on a 

representation of those aspects of the software that will be visible to end users. 
 

The quick design leads to the construction of a prototype. The prototype is deployed and evaluated 

by stakeholders, who provide feedback that is used to further refine requirements. 

Iteration occurs as the prototype is tuned to satisfy the needs of various stakeholders, while at the 

same time enabling you to better understand what needs to be done. 

 

The prototype serves as a mechanism for identifying software requirements. If a working prototype 

is to be built, you can make use of existing program fragments or apply tools that enable working 

programs to be generated quickly. The prototype can serve as “the first system.” 

 

Prototyping can be problematic for the following reasons: 

1. Stakeholders see what appears to be a working version of the software, unaware that the 

prototype is held together randomly, unaware that in the rush to get it working you haven’t 

considered overall software quality or long-term maintainability. 
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2. As a software engineer, you often make implementation compromises in order to get a 

prototype working quickly. An inappropriate operating system or programming language 

may be used simply because it is available and known; an inefficient algorithm may be 

implemented simply to demonstrate capability. 

 

Although problems can occur, prototyping can be an effective paradigm for software 

engineering. 

 

2.5.2 The Spiral Model: 

Originally proposed by Barry Boehm, the spiral model is an evolutionary software process 

model that couples the iterative nature of prototyping with the controlled and systematic aspects of 

the waterfall model. It provides the potential for rapid development of increasingly more complete 

versions of the software. Boehm describes the model in the following manner. 

 

The spiral development model is a risk-driven process model generator that is used to guide 

multi-stakeholder concurrent engineering of software intensive systems. It has two main 

distinguishing features. One is a cyclic approach for incrementally growing a system’s degree of 

definition and implementation while decreasing its degree of risk. The other is a set of anchor point 

milestones for ensuring stakeholder commitment to feasible and mutually satisfactory system 

solutions. 

 

Using the spiral model, software is developed in a series of evolutionary releases. During 

early iterations, the release might be a model or prototype. During later iterations, increasingly more 

complete versions of the engineered system are produced. 
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A spiral model is divided into a set of framework activities defined by the software 

engineering team.[Fig:2.7] As this evolutionary process begins, the software team performs 

activities that are implied by a circuit around the spiral in a clockwise direction, beginning at the 

center. 

Risk is considered as each revolution is made. Anchor point milestones are a combination of 

work products and conditions that are attained along the path of the spiral are noted for each 

evolutionary pass. 

 

The first circuit around the spiral might result in the development of a product specification; 

subsequent passes around the spiral might be used to develop a prototype and then progressively 

more sophisticated versions of the software. Each pass through the planning region results in 

adjustments to the project plan. 

 

The spiral model can be adapted to apply throughout the life of the computer software. 

Therefore, the first circuit around the spiral might represent a “concept development project” 

that starts at the core of the spiral and continues for multiple iterations until concept development 

is complete. The new product will evolve through a number of iterations around the spiral. Later, a 

circuit around the spiral might be used to represent a “product enhancement project.” 

The spiral model is a realistic approach to the development of large-scale systems and 

software. Because software evolves as the process progresses, the developer and customer better 

understand and react to risks at each evolutionary level. It maintains the systematic stepwise 

approach suggested by the classic life cycle but incorporates it into an iterative framework that 

more realistically reflects the real world. 

 

2.6 CONCURRENT MODELS 

The concurrent development model sometimes called as concurrent engineering can be 

represented schematically as a series of framework activities, actions, tasks and their associated 

rules. 

The Fig 2.8 represents on Software Engineering activity within the modelling activity using a 

concurrent model approach. 
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The activity modelling may be in any one of the states noted at any given time, similarly 

other activities, actions or tasks (Communication, Construction) can be represented in analogous 

manner. 

All Software Engineering activities exist concurrently but reside in different states. E.g. Early 

in a project the communication activity has completed its 1st iteration and exists in the awaiting 

changes state. 

The modelling activity (which existed in inactive state) while initial communication was 

completed now make a transition into the under-development state. 

If however, the customer indicates that changes in requirement must be made, the modelling 

activity moves from under-development state to awaiting changes state. 

Concurrent modelling defines a series of events that will trigger transitions from state to state 

for each of the software engineering activities, actions or tasks. 

Concurrent modelling is applicable for all types of software development and provides an 

accurate picture of the current state of the project. 

2.7 SPECIALIZED PROCESS MODELS 

2.7.1 Component-Based Development 

 The component-based development model incorporates many of the characteristics of the 

spiral model. It is evolutionary in nature, demanding an iterative approach to the creation of 
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software. However, the component-based development model constructs applications from 

prepackaged software components. 

 

 Modeling and construction activities begin with the identification of candidate components. 

These components can be designed as either conventional software modules or object- 

oriented classes or packages of classes. Regardless of the technology that is used to create 

the components. 

 

 The component-based development model incorporates the following steps 

1. Available component-based products are researched and evaluated for the application 

domain in question. 

2. Component integration issues are considered. 

3. A software architecture is designed to accommodate the components. 

4. Components are integrated into the architecture. 

5. Comprehensive testing is conducted to ensure proper functionality. 

 The component-based development model leads to software reuse, and reusability provides 

software engineers with a number of measurable benefits. 

 

2.7.2 The Formal Methods Model 

 The formal methods model encompasses a set of activities that leads to formal mathematical 

specification of computer software. 

 

 Formal methods enable you to specify, develop, and verify a computer-based system by 

applying a rigorous, mathematical notation. A variation on this approach, called 

clean room software engineering. 

 

 When formal methods are used during development, they provide a mechanism for 

eliminating many of the problems that are difficult to overcome using other software 

engineering paradigms. Ambiguity, incompleteness, and inconsistency can be discovered 

and corrected more easily, but through the application of mathematical analysis. 

 

 When formal methods are used during design, they serve as a basis for program verification 

which discover and correct errors that might otherwise go undetected. The formal methods 

model offers the promise of defect-free software. 

 

Draw Backs: 

 

• The development of formal models is currently quite time consuming and expensive. 

 

•  Because few software developers have the necessary background to apply formal 

methods, extensive training is required. 

 

• It is difficult to use the models as a communication mechanism for Technically 
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unsophisticated customers. 

 

2.7.3 Aspect-Oriented Software Development 

 AOSD defines “aspects” that express customer concerns that cut across multiple system 

functions, features, and information. When concerns cut across multiple system functions, 

features, and information, they are often referred to as crosscutting concerns. Aspectual 

requirements define those crosscutting concerns that have an impact across the software 

architecture. 

 

 Aspect-oriented software development (AOSD), often referred to as aspect-oriented 

programming (AOP), is a relatively new software engineering paradigm that provides a 

process and methodological approach for defining, specifying, designing, and constructing 

aspects.” 

 

Grundy provides further discussion of aspects in the context of what he calls aspect- oriented 

component engineering (AOCE): 

 

AOCE uses a concept of horizontal slices through vertically-decomposed software components, 

called “aspects,” to characterize cross-cutting functional and non-functional properties of 

components. 



 

      
 

 

 

MODULE 2 

CHAPTER 1—UNDERSTANDING REQUIREMENTS 

 
1.1 REQUIREMENTS ENGINEERING 

 Requirements analysis, also called Requirements engineering, is the process of determining 

user expectations for a new or modified product. 

 

 Requirements engineering is a major software engineering action that begins during the 

communication activity and continues into the modeling activity. It must be adapted to 

the needs of the process, the project, the product, and the people doing the work. 

 

 Requirements engineering builds a bridge to design and construction. 

 

1.1.1 Requirements Engineering Task 

 

Requirements engineering provides the appropriate mechanism for understanding what the 

customer wants, analyzing need, assessing feasibility, negotiating a reasonable solution, specifying 

the solution unambiguously, validating the specification, and managing the requirements as they 

are transformed into an operational system. 

 

It encompasses seven distinct tasks: inception, elicitation, elaboration, negotiation, 

specification, validation, and management. 

 

1. Inception: It establishes a basic understanding of the problem, the people who want a 

solution, the nature of the solution that is desired, and the effectiveness of preliminary 

communication and collaboration between the other stakeholders and the software team. 

 

2. Elicitation: In this stage, proper information is extracted to prepare and document the 

requirements. It certainly seems simple enough ask  the customer, the users, and others 

what the objectives for the system or product are, what is to be accomplished, how the 

system or product fits into the needs of the business, and finally, how the system or product 

is to be used on a day- to-day basis. 

 

 Problems of scope. The boundary of the system is ill-defined or the 

customers/users specify unnecessary technical detail that may confuse, rather than 

clarify, overall system objectives. 

 

 Problems of understanding. The customers/users are not completely sure of what 

is needed, have a poor understanding of the capabilities and limitations of their 

computing environment, don’t have a full understanding of the problem domain, 

have trouble communicating needs to the system engineer, omit information that is 



 

      
 

 

 

believed to be “obvious,” specify requirements that conflict with the needs of other 

customers/users, or specify requirements that are ambiguous or un testable. 

 Problems of volatility. In this problem, the requirements change from time to time 

and it is difficult while developing the project. 

3. Elaboration: The information obtained from the customer during inception and elicitation 

is expanded and refined during elaboration. This task focuses on developing a refined 

requirements model that identifies various aspects of software function, behavior, and 

information. Elaboration is driven by the creation and refinement of user scenarios that 

describe how the end user (and other actors) will interact with the system. 

 

4. Negotiation: To negotiate the requirements of a system to be developed, it is necessary to 

identify conflicts and to resolve those conflicts. You have to reconcile these conflicts 

through a process of negotiation. Customers, users, and other stakeholders are asked to 

rank requirements and then discuss conflicts in priority. Using an iterative approach that 

prioritizes requirements, assesses their cost and risk, and addresses internal conflicts, 

requirements are eliminated, combined, and/or modified so that each party achieves some 

measure of satisfaction. 

 

5. Specification: The term specification means different things to different people. A 

specification can be a written document, a set of graphical models, a formal mathematical 

model, a collection of usage scenarios, a prototype, or any combination of these. 

 

6. Validation: Requirements validation examines the specification to ensure that all software 

requirements have been stated unambiguously; that inconsistencies, omissions, and errors 

have been detected and corrected; and that the work products conform to the standards 

established for the process, the project, and the product. The primary requirements 

validation mechanism is the technical review. The review team that validates requirements 

includes software engineers, customers, users, and other stakeholders who examine the 

specification looking for errors in content or interpretation, areas where clarification may 

be required, missing information, inconsistencies, conflicting requirements, or unrealistic 

requirements. 

7. Requirements management. Requirements for computer-based systems change, and the 

desire to change requirements persists throughout the life of the system. 

It is a set of activities that help the project team to identify, control and track the 

requirements and changes can be made to the requirements at any time of the ongoing 

project. Many of these activities are identical to the software configuration management 

(SCM) techniques. These tasks start with the identification and assign a unique identifier 

to each of the requirement. After finalizing the requirement traceability table is 

developed. 

1.2 ESTABLISHING THE GROUNDWORK 

There could be many issues to start Requirement Engineering Process: 



 

      
 

 

 

 

 Customers or end users may be located in a different city/country. 

 Customers do not have a clear idea of the requirements. 

 Lack of technical knowledge or customers have limited time to interact with 

requirement engineer. 

 

Hence by following the below steps we can start a requirement engineering process. 

 

3.2.1 Identifying Stakeholders 

 Stakeholder is the one who benefits in a direct or indirect way from the system which is 

being developed.

 Business operations managers, product managers, marketing people, internal and external 

customers, end users, consultants, product engineers, software engineers, support and 

maintenance engineers, and others.

 Each stakeholder has a different view of the system, achieves different benefits when the 

system is successfully developed, and is open to different risks if the development effort 

should fail.

3.2.2 Recognizing Multiple ViewPoints 

 As many stakeholders exist, they all have different views regarding the system to be 

developed, hence it is the duty of software engineers to consider all the viewpoints of 

stakeholders in a way that allows decision makers to choose an internally consistent set of 

requirements for the system.

 

 For example, the marketing group is interested in functions and features that will excite the 

potential market, making the new system easy to sell and End users may want features that 

are easy to learn and use.

 

3.2.3 Working toward Collaboration 

 

Collaboration does not necessarily mean that requirements are defined by committee. In 

many cases, stakeholders collaborate by providing their view of requirements, but a strong “project 

champion” (e.g., a business manager or a senior technologist) may make the final decision about 

which requirements make the cut. 

 

3.2.4 Asking the First Questions 

Questions asked at the inception of the project should be “context free”. The first set of 

context - free questions focuses on the customer and other stakeholders, the overall project goals 

and benefits. For example, you might ask: 

 Who is behind the request for this work?

 Who will use the solution?



 

      
 

 

 

 What will be the economic benefit of a successful solution?

 Is there another source for the solution that you need?

 

These questions help to identify all stakeholders who will have interest in the software to be built. 

In addition, the questions identify the measurable benefit of a successful implementation and 

possible alternatives to custom software development. 

 

The next set of questions enables you to gain a better understanding of the problem and allows the 

customer to voice his or her perceptions about a solution: 

 

 How would you characterize “good” output that would be generated by a successful

 solution?

 What problem(s) will this solution address?

 Can you show me (or describe) the business environment in which the solution will be 

used?

 Will special performance issues or constraints affect the way the solution is approached?

 

The final set of questions focuses on the effectiveness of the communication activity itself. 

Gause and Weinberg call these “meta-questions” and propose the following list: 

 

 Are you the right person to answer these questions? Are your answers “official”?

 Are my questions relevant to the problem that you have?

 Am I asking too many questions?

 Can anyone else provide additional information?

 Should I be asking you anything else?

 

These questions will help to “break the ice” and initiate the communication that is essential to 

successful elicitation. 

 

1.3 ELICITING REQUIREMENTS 

Requirements Elicitation (also called requirements gathering) combines elements of problem 

solving, elaboration, negotiation, and specification. 

 

1) Collaborative Requirements Gathering 

Many different approaches to collaborative requirements gathering have been proposed. 

Each makes use of a slightly different scenario, but all apply some variation on the following 

basic guidelines: 

 Meetings are conducted and attended by both software engineers and other stakeholders.

 Rules for preparation and participation are established.

 An agenda is suggested that is formal enough to cover all important points but informal 

enough to encourage the free flow of ideas.

 A “facilitator” (can be a customer, a developer, or an outsider) controls the meeting.

 A “definition mechanism” (can be worksheets, flip charts, or wall stickers or an 

electronic bulletin board, chat room, or virtual forum) is used.



 

      
 

 

 

 

The goal is to identify the problem, propose elements of the solution, negotiate different 

approaches, and specify a preliminary set of solution requirements in an atmosphere that is 

conducive to the accomplishment of the goal. 

During inception basic questions and answers establish the scope of the problem and the 

overall perception of a solution. Out of these initial meetings, the developer and customers write a 

one- or two-page “product request.” 

 

A meeting place, time, and date are selected; a facilitator is chosen; and attendees from the 

software team and other stakeholder organizations are invited to participate. The product request 

is distributed to all attendees before the meeting date. 

 

While reviewing the product request in the days before the meeting, each attendee is asked to 

make a list of objects that are part of the environment that surrounds the system, other objects that 

are to be produced by the system, and objects that are used by the system to perform its functions. 

In addition, each attendee is asked to make another list of services that manipulate or interact with 

the objects. Finally, lists of constraints (e.g., cost, size, business rules) and performance criteria 

(e.g., speed, accuracy) are also developed. The attendees are informed that the lists are not expected 

to be exhaustive but are expected to reflect each person’s perception of the system. 

 

The lists of objects can be pinned to the walls of the room using large sheets of paper, stuck to 

the walls using adhesive-backed sheets, or written on a wall board. After individual lists are 

presented in one topic area, the group creates a combined list by eliminating redundant entries, 

adding any new ideas that come up during the discussion, but not deleting anything. 

 

Collaborative requirements gathering ---- Scenario: Campus Event Management App 

 

Step 1: Identify Stakeholders 

• Students: Potential users who will attend events. 

• Event Organizers: People who will create and manage events. 

• University Administration: They might have specific requirements or policies to comply 

with. 

• Developers: The team responsible for building the app. 

Step 2: Conduct Initial Meetings 

• Organize a kickoff meeting with all stakeholders to introduce the project and its goals. 

• Use this meeting to explain the importance of gathering accurate requirements and how it 

will impact the final product. 

Step 3: Use Collaborative Techniques 

• Brainstorming Session 

• Surveys and Questionnaires 

• Workshops and User Stories. 

Step 4: Document and Validate Requirements 



 

      
 

 

 

Step 5: Create a Prototype or Wireframes 

Step 6: Iterate and Improve 

2) Quality function deployment (QFD) 

QFD is a quality management technique that translates the needs of the customer into 

technical requirements for software. QFD “concentrates on maximizing customer satisfaction from 

the software engineering process”. To accomplish this, QFD emphasizes an understanding of what 

is valuable to the customer and then deploys these values throughout the engineering process. 

QFD identifies three types of requirements: 

 

 Normal requirements. The objectives and goals that are stated for a product or system 

during meetings with the customer. If these requirements are present, the customer is 

satisfied. Examples of normal requirements might be requested types of graphical displays, 

specific system functions, and defined levels of performance.

 

 Expected requirements. These requirements are implicit to the product or system and may 

be so fundamental that the customer does not explicitly state them. Their absence will be a 

cause for significant dissatisfaction.

 Examples of expected requirements are: ease of human/machine interaction, overall 

operational correctness and reliability, and ease of software installation. 

 Exciting requirements. These features go beyond the customer’s expectations and prove 

to be very satisfying when present.

For example, the mobile phone with standard features, but the developer adds few 

additional functionalities like voice searching, multi-touch screen etc. then the customer 

is more excited about that feature. 

 

Although QFD concepts can be applied across the entire software process, QFD uses 

customer interviews and observation, surveys, and examination of historical data as raw data for 

the requirements gathering activity. These data are then translated into a table of requirements— 

called the customer voice table—that is reviewed with the customer and other stakeholders. 

3) Usage Scenarios 

 

 As requirements are gathered, an overall vision of system functions and features begins to 

materialize.

  However, it is difficult to move into more technical software engineering activities until 

you understand how these functions and features will be used by different classes of end 

users.

 To accomplish this, developers and users can create a set of scenarios that identify a thread 

of usage for the system to be constructed. The scenarios, often called use cases, provide a 

description of how the system will be used.



 

      
 

 

 

4) Elicitation Work Products 

 

The work products produced as a consequence of requirements elicitation will vary 

depending on the size of the system or product to be built. For most systems, the work products 

include: 

 

 A statement of need and feasibility.

 A bounded statement of scope for the system or product.

 A list of customers, users, and other stakeholders who participated in requirements 

elicitation.

 A description of the system’s technical environment.

 A list of requirements and the domain constraints that apply to each.

 A set of usage scenarios that provide insight into the use of the system or product under 

different operating conditions.

 Any prototypes developed to better define requirements.

 

Each of these work products is reviewed by all people who have participated in requirements 

elicitation. 

 

1.4 DEVELOPING USE CASES 

Use cases are defined from an actor’s point of view. An actor is a role that people (users) 

or devices play as they interact with the software. 

 

The first step in writing a use case is to define the set of “actors” that will be involved in 

the story. Actors are the different people (or devices) that use the system or product within the 

context of the function and behavior that is to be described. 

 

Actors represent the roles that people (or devices) play as the system operates. Formally, 

an actor is anything that communicates with the system or product and that is external to the system 

itself. 

Every actor has one or more goals when using the system. It is important to note that an 

actor and an end user are not necessarily the same thing. A typical user may play a number of 

different roles when using a system, whereas an actor represents a class of external entities (often, 

but not always, people) that play just one role in the context of the use case. Different people may 

play the role of each actor. 

 

Because requirements elicitation is an evolutionary activity, not all actors are identified 

during the first iteration. It is possible to identify primary actors during the first iteration and 

secondary actors as more is learned about the system. 

 

Primary actors interact to achieve required system function and derive the intended benefit 

from the system. Secondary actors support the system so that primary actors can do their work. 

Once actors have been identified, use cases can be developed. 

 



 

      
 

 

 

Jacobson suggests a number of questions that should be answered by a use case: 

 

 Who is the primary actor, the secondary actor(s)? 

 What are the actor’s goals? 

 What preconditions should exist before the story begins? 

 What main tasks or functions are performed by the actor? 

 What exceptions might be considered as the story is described? 

 What variations in the actor’s interaction are possible? 

 What system information will the actor acquire, produce, or change? 

 Will the actor have to inform the system about changes in the external environment? 

 What information does the actor desire from the system? 

 Does the actor wish to be informed about unexpected changes? 

Basic SafeHome requirements, we define four actors: homeowner (a user), setup manager (likely 

the same person as homeowner, but playing a different role), sensors (devices attached to the 

system), and the monitoring and response subsystem (the central station that monitors the 

SafeHome home security function). 

For the purposes of this example, we consider only the homeowner actor. The homeowner actor 

interacts with the home security function in a number of different ways using either the alarm 

control panel or a PC: 

Considering the situation in which the homeowner uses the control panel, the basic use case for 

system activation follows



 

      
 

 

 

 

1. The homeowner observes the SafeHome control panel as shown in Fig 5.1 to determine if the 

system is ready for input. If the system is not ready, a not ready message is displayed on the LCD 

display. 

2. The homeowner uses the keypad to key in a four-digit password. The password is compared 

with the valid password stored in the system. If the password is incorrect and reset itself for 

additional input. If the password is correct, the control panel awaits further action. 

3. The homeowner select the keys in stay or away to activate the system. 

✓ Stay activates only perimeter sensors (inside motion detecting sensors are deactivated). 

✓ Away activates all sensors. 

4. When activation occurs, a red alarm light can be observed by the homeowner. The basic use 

case presents a high-level story that describes the interaction between the actor and the system. 

 

 

Cockburn provides Detailed Description of Use Case: 
 

USE CASE InitiateMonitoring 

Primary actor Home Owner 

Goal in context To set the system to monitor sensors when the homeowner leaves the house 

or remains inside 

Preconditions: System has been programmed for a password and to recognize various 

sensors. 

Trigger: The homeowner decides to “set” the system, i.e., to turn on the alarm 

functions 

Scenario: 1. Homeowner: observes control panel 

2. Homeowner: enters password 

3. Homeowner: selects “stay” or “away” 

4. Homeowner: observes read alarm light to indicate that SafeHome has 

been armed 



 

      
 

 

 

Exceptions: 1. Control panel is not ready: homeowner checks all sensors to determine 

which are open; closes them. 

2. Password is incorrect (control panel beeps once): homeowner reenters 

correct password. 

3. Password not recognized: monitoring and response subsystem must be 

contacted to reprogram password. 

4. Stay is selected: control panel beeps twice and a stay light is lit; 

perimeter sensors are activated. 

5. Away is selected: control panel beeps three times and an away light is 

lit; all sensors are activated. 

When available: First increment 

Priority: Essential, must be implemented 

Frequency of use: Many times per day 

Channel to actor Via control panel interface 

Secondary actors: Support technician, sensors 

Channels to 

secondary actors: 

1. Support technician: phone line 

2. Sensors: hardwired and radio frequency interfaces 

Open issues: 1. Should there be a way to activate the system without the use of a 

password or with an abbreviated password? 

2. Should the control panel display additional text messages? 

3. How much time does the homeowner have to enter the password from 

the time the first key is pressed? 

4. Is there a way to deactivate the system before it actually activates? 
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Note: 

 

The basic use case presents a high-level story that describes the interaction between the actor and 

the system. 
 

 

Fig 3.1-Use Case Diagram 

 

 

- ---- Primary Actors-Who initiate/interact directly Ex: Customer and Technician 

 

------- -------- Secondary Actor—Who supports the system Ex: Bank/Serve 

 ------ Use Case (System) ----Functionality /service provided by the system. 

 

- --------- Relation—It shows relation between actor and the system. 

 

 

 

1.5 BUILDING THE REQUIREMENT MODEL 

The intent of the analysis model is to provide a description of the required informational, 

functional, and behavioral domains for a computer-based system. The analysis model is a snapshot 

of requirements at any given time. 
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3.5.1 Elements of the Requirements Model 

 

The specific elements of the requirements model are dictated by the analysis modeling 

method that is to be used. However, a set of generic elements is common to most requirements 

models. 

 

Scenario Based Elements: The system is described from the user’s point of view using a scenario- 

based approach Ex: Use Case diagrams and Activity diagrams. 

Class-based Elements: Each usage scenario implies a set of objects that are manipulated as an 

actor interacts with the system. These objects are categorized into classes—a collection of things 

that have similar attributes and common behaviors(operations). Ex: Class diagram, 

Collaboration diagram. 

 

Behavioral Elements: In Software Engineering, the Behavioral Elements Model is a concept used 

to describe the dynamic behavior of a software system. It focuses on how the system's components 

interact with each other and with external entities to achieve specific tasks or behaviors. The state 

diagram is one method for representing the behavior of a system by depicting its states and the 

events that cause the system to change state. This model indicates how the software will respond 

on occurrence of external event. Ex: State diagram and Sequential Diagram. 

 

Flow-Oriented elements: Information is transformed as it flows through a computer- based 

system. The system accepts input in a variety of forms, applies functions to transform it, and 

produces output in a variety of forms. Ex: Data-Flow diagram, Control Flow diagram. 

 

1.5.1 Analysis Patterns 

Analysis patterns suggest solutions (e.g., a class, a function, a behavior) within the application 

domain that can be reused when modeling many applications. 

 

Geyer-Schulz and Hahsler suggest two benefits that can be associated with the use of analysis 

patterns: 

 

First, analysis patterns speed up the development of abstract analysis models that capture the main 

requirements of the concrete problem by providing reusable analysis models with examples as well 

as a description of advantages and limitations. 

 

Second, analysis patterns facilitate the transformation of the analysis model into a design model 

by suggesting design patterns and reliable solutions for common problems. Analysis patterns are 

integrated into the analysis model by reference to the pattern name. They are also stored in a 

repository so that requirements engineers can use 
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1.6 NEGOTIATING REQUIREMENTS 

The intent of negotiation is to develop a project plan that meets stakeholder needs while at 

the same time reflecting the real-world constraints (e.g., time, people, budget) that have been 

placed on the software team. The best negotiations strive for a “win-win” result. That is, 

stakeholders win by getting the system or product that satisfies the majority of their needs and you 

win by working to realistic and achievable budgets and deadlines. 

 

Boehm defines a set of negotiation activities at the beginning of each software process 

iteration. Rather than a single customer communication activity, the following activities are 

defined: 

 

1. Identification of the system or subsystem’s key stakeholders. 

2. Determination of the stakeholders’ “win conditions.” 

3. Negotiation of the stakeholders’ win conditions to reconcile them into a set of win-win 

conditions for all concerned. 

Successful completion of these initial steps achieves a win-win result, which becomes the key 

criterion for proceeding to subsequent software engineering activities. 

1.7 VALIDATING REQUIREMENTS 

As each element of the requirements model is created, it is examined for inconsistency, 

omissions, and ambiguity. The requirements represented by the model are prioritized by the 

stakeholders and grouped within requirements packages that will be implemented as software 

increments. 

 

A review of the requirements model addresses the following questions: 

 

• Is each requirement consistent with the overall objectives for the system/product? 

 

•  Have all requirements been specified at the proper level of abstraction? That is, do some 

requirements provide a level of technical detail that is inappropriate at this stage? 

 

•  Is the requirement really necessary or does it represent an add-on feature that may not be essential 

to the objective of the system? 

 

• Is each requirement bounded and unambiguous? 

 

•  Does each requirement have attribution? That is, is a source (generally, a specific individual) 

noted for each requirement? 
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• Do any requirements conflict with other requirements? 

 

•  Is each requirement achievable in the technical environment that will house the system or 

product? 

 

• Is each requirement testable, once implemented? 

 

•  Does the requirements model properly reflect the information, function, and behavior of the 

system to be built? 

 

• Has the requirements model been “partitioned” in a way that exposes progressively more detailed 

information about the system? 

 

• Have requirements patterns been used to simplify the requirements model? 

 

•  Have all patterns been properly validated? Are all patterns consistent with customer 

requirements? 

 

These and other questions should be asked and answered to ensure that the requirements model is 

an accurate reflection of stakeholder needs and that it provides a solid foundation for design.
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MODULE 2 

CHAPTER 2—REQUIREMENT MODELLING SCENARIOS, 

INFORMATION AND ANALYSIS CLASSES 

 
2.1 REQUIREMENT ANALYSIS 

 Requirements analysis results in the specification of software’s operational characteristics, 

indicates software’s interface with other system elements, and establishes constraints that 

software must meet. 

 Requirements analysis allows you to elaborate on basic requirements established during 

the inception, elicitation, and negotiation tasks that are part of requirements engineering. 

 The requirements modeling action results in one or more of the following types of models: 

 

 Scenario-based models of requirements from the point of view of various system 

“actors” 

 

 Data models that depict the information domain for the problem. 

 

 Class-oriented models that represent object-oriented classes (attributes and operations) 

and the manner in which classes collaborate to achieve system requirements. 

  Flow-oriented models that represent the functional elements of the system and how 

they transform data as it moves through the system. 

 

  Behavioral models that depict how the software behaves as a consequence of external 

“events. 

 The intent of the analysis model is to provide a description of the required informational, 

functional, and behavioral domains for a computer-based system. The analysis model is a 

snapshot of requirements at any given time. 

 

 These models provide a software designer with information that can be translated to 

architectural, interface, and component-level designs. Finally, the requirements model 

provides the developer and the customer with the means to assess quality once software is 

built. 

 

 Throughout requirements modeling, primary focus is on what, not how. What user 

interaction occurs in a particular circumstance, what objects does the system manipulate, 

what functions must the system perform, what behaviors does the system exhibit, what 
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interfaces are defined, and what constraints apply? 

 

 

The requirements model must achieve three primary objectives: 

(1) To describe what the customer requires, 

(2) to establish a basis for the creation of a software design, and 

(3) to define a set of requirements that can be validated once the software is built. 

 

 The analysis model bridges the gap between a system-level description that describes 

overall system or business functionality as it is achieved by applying software, hardware, 

data, human, and other system elements and a software design that describes the software’s 

application architecture, user interface, and component-level structure. 

2.1.1 Analysis Rules of Thumb 

 
Arlow and Neustadt suggest a number of worthwhile rules of thumb that should be followed 

when creating the analysis model: 

 

 The model should focus on requirements that are visible within the problem or business 

domain. The level of abstraction should be relatively high. 

 

 Each element of the requirements model should add to an overall understanding of 

software requirements and provide insight into the information domain, function, and 

behavior of the system. 

 

 Delay consideration of infrastructure and other nonfunctional models until design. That 

is, a database may be required, but the classes necessary to implement it, the functions 

required to access it, and the behavior that will be exhibited as it is used should be 

considered only after problem domain analysis has been completed. 
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 Minimize coupling throughout the system. It is important to represent relationships 

between classes and functions. However, if the level of “interconnectedness” is extremely 

high, effort should be made to reduce it. 

 

 Be certain that the requirements model provides value to all stakeholders. Each 

constituency has its own use for the model 

 

 Keep the model as simple as it can be. Don’t create additional diagrams when they add 

no new information. Don’t use complex notational forms, when a simple list will do. 

 

2.1.2 Domain Analysis 

 
Domain analysis doesn’t look at a specific application, but rather at the domain in which 

the application resides. 

The “specific application domain” can range from avionics to banking, from multimedia 

video games to software embedded within medical devices. 

The goal of domain analysis is straightforward: to identify common problem-solving 

elements that are applicable to all applications within the domain, to find or create those analysis 

classes and/or analysis patterns that are broadly applicable so that they may be reused. 

 

 

2.1.3 Requirements Modeling Approaches 

 
 One view of requirements modeling, called structured analysis, considers data and the 

processes that transform the data as separate entities. Data objects are modeled in a way 

that defines their attributes and relationships. 

 

 A second approach to analysis modeling, called object-oriented analysis, focuses on the 

definition of classes and the manner in which they collaborate with one another to effect 

customer requirements. UML and the Unified Process are predominantly object oriented. 

 

 

 

Each element of the requirements model is represented in following figure presents the problem 

from a different point of view. 
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 Scenario-based elements depict how the user interacts with the system and the specific 

sequence of activities that occur as the software is used. 

 

 Class-based elements model the objects that the system will manipulate, the operations 

that will be applied to the objects to effect the manipulation, relationships between the 

objects, and the collaborations that occur between the classes that are defined. 

 

 Behavioral elements depict how external events change the state of the system or the 

classes that reside within it. 

 

  Flow-oriented elements represent the system as an information transform, depicting how 

data objects are transformed as they flow through various system functions. 

 

 

2.2 SCENARIO-BASED MODELLING 

 
Scenario-based elements depict how the user interacts with the system and the specific 

sequence of activities that occur as the software is used. 

 

2.2.1 Creating a Preliminary Use Case 

Alistair Cockburn characterizes a use case as a “contract for behavior”, the “contract” defines 

the way in which an actor uses a computer-based system to accomplish some goal. In essence, a 

use case captures the interactions that occur between producers and consumers of information and 

the system itself. 

A use case describes a specific usage scenario in straightforward language from the point of 

view of a defined actor. 
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These are the questions that must be answered if use cases are to provide value as a requirement 

modeling tool. 

 what to write about, 

 how much to write about it, 

 how detailed to make your description, and 

 how to organize the description? To begin developing a set of use cases, list the functions 

or activities performed by a specific actor. 

 

 

1) Creating a Preliminary Use Case: 

Home Surveillance Functions: 

Actor: Home Owner 

 Select Camera View 

 Request Thumbnails from all cameras 

 Display camera view in PC window 

 Selectively record camera output 

 Replay Camera output 

 Access camera surveillance via Internet 

 

Use case: Access camera surveillance via the Internet—display camera views (ACS-DCV) 

Actor: homeowner 

 

 The homeowner logs onto the SafeHome Products website. 

 The homeowner enters his or her user ID. 

 The homeowner enters two passwords (each at least eight characters in length). 

 The system displays all major function buttons. 

 The homeowner selects the “surveillance” from the major function buttons. 

 The homeowner selects “pick a camera.” 

 The system displays the floor plan of the house. 

 The homeowner selects a camera icon from the floor plan. 

 The homeowner selects the “view” button. 

 The system displays a viewing window that is identified by the camera ID. 

The system displays video output within the viewing window at one frame per second. 

 

***Use cases of this type are sometimes referred to as primary scenarios***. 

 

2.2.2 Refining a Preliminary Use Case 

 
Each step in the primary scenario is evaluated by asking the following questions: 

 Can the actor take some other action at this point? 

 Is it possible that the actor will encounter some error condition at this point? If so, what 

might it be? 
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 Is it possible that the actor will encounter some other behavior at this point (e.g., behavior 

that is invoked by some event outside the actor’s control)? If so, what might it be? 

 

Answers to these questions result in the creation of a set of secondary scenarios. 

1. View thumbnail snapshots for all cameras. 

2. No floor plan configured for this house. 

                       3.  Alarm condition encountered.             

   Cockburn recommends using a “brainstorming” session to derive a reasonably complete set of exceptions for 

each use case. In addition to the three generic questions suggested earlier in this section, the following issues should 

also be explored: 

 

 Are there cases in which some “validation function” occurs during this use case? This 

implies that validation function is invoked and a potential error condition might occur. 

 

 Are there cases in which a supporting function (or actor) will fail to respond appropriately? 

For example, a user action awaits a response but the function that is to respond times out. 

 

 Can poor system performance result in unexpected or improper user actions? 

 

2.2.3 Writing a Formal Use Case 

 
When a use case involves a critical activity or describes a complex set of steps with a significant 

number of exceptions, a more formal approach may be desirable. 

 

The typical outline for formal use cases can be in following manner: 

 

 The goal in context identifies the overall scope of the use case. 

 The precondition describes what is known to be true before the use case is initiated. 

 The trigger identifies the event or condition that “gets the use case started” 

 The scenario lists the specific actions that are required by the actor and the appropriate 

system responses. 

 Exceptions identify the situations uncovered as the preliminary use case is refined 
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Preliminary Use-Case diagram for the Safe-Home Systems 

However, scenario-based modeling is appropriate for a significant majority of all situations that 

you will encounter as a software engineer. 

 

2.3 UML MODELS THAT SUPPLEMENT THE USE CASE 

 

2.3.1 Developing an Activity Diagram 

 
The UML activity diagram supplements the use case by providing a graphical representation of 

the flow of interaction within a specific scenario. Similar to the flowchart, 

An activity diagram uses: 

 Rounded rectangles to imply a specific system function 

 Arrows to represent flow through the system 

 Decision diamonds to depict a branching decision. 

 Solid horizontal lines to indicate that parallel activities are occurring. 

 

A UML activity diagram represents the actions and decisions that occur as some function is 

performed. 
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2.3.2 Swimlane Diagrams 

 
The UML swimlane diagram is a useful variation of the activity diagram and allows you to 

represent the flow of activities described by the use case and at the same time indicate which actor 

or analysis class has responsibility for the action described by an activity rectangle. 

 

Responsibilities are represented as parallel segments that divide the diagram vertically, like the 

lanes in a swimming pool. 

Three analysis classes—Homeowner, Camera, and Interface—have direct or indirect 

responsibilities in the context of the activity diagram represented in Figure 6.5. 
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2.4 DATA MODELING CONCEPTS 

 
Data modeling is the process of documenting a complex software system design as an 

easily understood diagram, using text and symbols to represent the way data needs to flow. 

The diagram can be used as a blueprint for the construction of new software or for re- 

engineering a legacy application. 

The most widely used data Model by the Software engineers is Entity-Relationship 

Diagram (ERD), it addresses the issues and represents all data objects that are entered, stored, 

transformed, and produced within an application. 

 

2.4.1 Data Objects 

 
A data object is a representation of composite information that must be understood by 

software. Therefore width (a single value) would not be a valid data object, but dimensions 

(incorporating height, width, and depth) could be defined as an object. 

 

A data object can be an external entity (e.g., anything that produces or consumes 

information), a thing (e.g., a report or a display), an occurrence (e.g., a telephone call) or event 

(e.g., an alarm), a role (e.g., salesperson), an organizational unit (e.g., accounting department), 

a place (e.g., a warehouse), or a structure (e.g., a file). 

 

For example, a person or a car can be viewed as a data object in the sense that either can 

be defined in terms of a set of attributes. The description of the data object incorporates the data 

object and all of its attributes. 

A data object encapsulates data only—there is no reference within a data object to 

operations that act on the data. Therefore, the data object can be represented as a table as shown in 

following table. The headings in the table reflect attributes of the object. 
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2.4.2 Data Attributes 
Data attributes define the properties of a data object and take on one of three different 

characteristics. They can be used to (1) name an instance of the data object, (2) describe the 

instance, or (3) make reference to another instance in another table. 

 

2.4.3 Relationships 

 
Data objects are connected to one another in different ways. Consider the two data objects, 

person and car. These objects can be represented using the following simple notation and 

relationships are 1) A person owns a car, 2) A person is insured to drive a car. 

 

 

 

2.5 CLASS-BASED MODELING 

Class-based modeling represents the objects that the system will manipulate, the 

operations that will be applied to the objects to effect the manipulation, relationships between 

the objects, and the collaborations that occur between the classes that are defined. 

 

The elements of a class-based model include classes and objects, attributes, operations, class 

responsibility collaborator (CRC) models, collaboration diagrams, and packages. 

 

2.5.1 Identifying Analysis Classes 

 
We can begin to identify classes by examining the usage scenarios developed as part of the 

requirements model and performing a “grammatical parse” on the use cases developed for 

the system to be built. 

 

Analysis classes manifest themselves in one of the following ways: 

 

 External entities (e.g., other systems, devices, people) that produce or consume 

information to be used by a computer-based system. 
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 Things (e.g., reports, displays, letters, signals) that are part of the information domain for 

the problem. 

 

 Occurrences or events (e.g., a property transfer or the completion of a series of robot 

movements) that occur within the context of system operation. 

 

 Roles (e.g., manager, engineer, salesperson) played by people who interact with the system. 

 

 Organizational units (e.g., division, group, team) that are relevant to an application. 

 

 Places (e.g., manufacturing floor or loading dock) that establish the context of the problem 

and the overall function of the system. 

 

 Structures (e.g., sensors, four-wheeled vehicles, or computers) that define a class of 

objects or related classes of objects. 

 

Coad and Yourdon suggest six selection characteristics that should be used as you consider each 

potential class for inclusion in the analysis model: 

 

1. Retained information. The potential class will be useful during analysis only if information 

about it must be remembered so that the system can function. 

2. Needed services. The potential class must have a set of identifiable operations that can change 

the value of its attributes in some way. 

 

3. Multiple attributes. During requirement analysis, the focus should be on “major” information; 

a class with a single attribute may, in fact, be useful during design, but is probably better 

represented as an attribute of another class during the analysis activity. 

 

4. Common attributes. A set of attributes can be defined for the potential class and these attributes 

apply to all instances of the class. 

 

5. Common operations. A set of operations can be defined for the potential class and these 

operations apply to all instances of the class. 

 

6. Essential requirements. External entities that appear in the problem space and produce or 

consume information essential to the operation of any solution for the system will almost always 

be defined as classes in the requirements model. 
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2.5.2 Specifying Attributes 

 
Attributes describe a class that has been selected for inclusion in the requirements model. 

In essence, it is the attributes that define the class—that clarify what is meant by the class in the 

context of the problem space. 

To develop a meaningful set of attributes for an analysis class, you should study each use 

case and select those “things” that reasonably “belong” to the class. 

 

2.5.3 Defining Operations 

 
Operations define the behavior of an object. Although many different types of operations 

exist, they can generally be divided into four broad categories: (1) operations that manipulate data 

in some way (e.g., adding, deleting, reformatting, selecting), (2) operations that perform a 

computation, (3) operations that inquire about the state of an object, and (4) operations that monitor 

an object for the occurrence of a controlling event. 
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2.5.4 Class-Responsibility-Collaborator (CRC) Modeling 
Class-responsibility-collaborator (CRC) modeling provides a simple means for identifying 

and organizing the classes that are relevant to system or product requirements. 

 

Ambler describes CRC modeling in the following way: 

 

A CRC model is really a collection of standard index cards that represent classes. 

 

The cards are divided into three sections. Along the top of the card, you write the name of the 

class. In the body of the card, you list the class responsibilities on the left and the collaborators on 

the right. The CRC model may make use of actual or virtual index cards. The intent is to develop 

an organized representation of classes. Responsibilities are the attributes and operations that are 

relevant for the class. i.e., a responsibility is “anything the class knows or does” Collaborators 

are those classes that are required to provide a class with the information needed to complete a 

responsibility. In general, a collaboration implies either a request for information or a request for 

some action. 

 

A simple CRC index card is illustrated in following figure. 

 

 

Classes: The taxonomy of class types can be extended by considering the following categories: 

 

 Entity classes, also called model or business classes, are extracted directly from the 

statement of the problem. These classes typically represent things that are to be stored in a 

database and persist throughout the duration of the application. 

 

 Boundary classes are used to create the interface that the user sees and interacts with as 

the software is used. Boundary classes are designed with the responsibility of managing 

the way entity objects are represented to users. 



29 

      
 

 

 

 Controller classes manage a “unit of work” from start to finish. That is, controller classes 

can be designed to manage (1) the creation or update of entity objects, (2) the instantiation 

of boundary objects as they obtain information from entity objects, (3) complex 

communication between sets of objects, (4) validation of data communicated between 

objects or between the user and the application. In general, controller classes are not 

considered until the design activity has begun. 

 

Responsibilities: Wirfs-Brock and her colleagues suggest five guidelines for allocating 

responsibilities to classes: 

 

1. System intelligence should be distributed across classes to best address the needs 

of the problem. Every application encompasses a certain degree of intelligence; that is, 

what the system knows and what it can do. 

 

2. Each responsibility should be stated as generally as possible. This guideline implies 

that general responsibilities should reside high in the class hierarchy. 

 

3.  Information and the behavior related to it should reside within the same class. This 

achieves the object-oriented principle called encapsulation. Data and the processes that 

manipulate the data should be packaged as a cohesive unit. 

 

4. Information about one thing should be localized with a single class, not distributed 

across multiple classes. A single class should take on the responsibility for storing and 

manipulating a specific type of information. This responsibility should not, in general, 

be shared across a number of classes. If information is distributed, software becomes 

more difficult to maintain and more challenging to test. 

 

5. Responsibilities should be shared among related classes, when appropriate. There 

are many cases in which a variety of related objects must all exhibit the same behavior 

at the same time. 

 

Collaborations: Classes fulfill their responsibilities in one of two ways: 

 

1. A class can use its own operations to manipulate its own attributes, thereby fulfilling a 

particular responsibility, or 

 

2. A class can collaborate with other classes. 

 

When a complete CRC model has been developed, stakeholders can review the model using 

the following approach: 
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1. All participants in the review (of the CRC model) are given a subset of the CRC model 

index cards. Cards that collaborate should be separated (i.e., no reviewer should have 

two cards that collaborate). 

 

2. All use-case scenarios (and corresponding use-case diagrams) should be organized into 

categories. 

 

3.  The review leader reads the use case deliberately. As the review leader comes to a 

named object, she passes a token to the person holding the corresponding class index 

card. 

 

4.  When the token is passed, the holder of the card is asked to describe the responsibilities 

noted on the card. The group determines whether one (or more) of the responsibilities 

satisfies the use-case requirement. 

 

5.  If the responsibilities and collaborations noted on the index cards cannot accommodate 

the use case, modifications are made to the cards. This may include the definition of 

new classes (and corresponding CRC index cards) or the specification of new or revised 

responsibilities or collaborations on existing cards. 

 

2.5.5 Associations and Dependencies: 

 
An association defines a relationship between classes. An association may be further 

defined by indicating multiplicity. 

Multiplicity defines how many of one class are related to how many of another class. A 

client-server relationship exists between two analysis classes. In such cases, a client class depends 

on the server class in some way and a dependency relationship is established. Dependencies are 

defined by a stereotype. A stereotype is an “extensibility mechanism” within UML that allows 

you to define a special modeling element whose semantics are custom defined. In UML. 

Stereotypes are represented in double angle brackets (e.g., <<stereotype>>). 
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2.5.6  Analysis Packages: An important part of analysis modeling is categorization. That is, 

various elements of the analysis model (e.g., use cases, analysis classes) are categorized in a 

manner that packages them as a grouping—called an analysis package—that is given a 

representative name. 
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MODULE 3 

CHAPTER 1---AGILE DEVELOPMENT 

 

1.1 WHAT IS AGILITY? 

 
➢ Agile is a software development methodology to build software incrementally using short 

iterations of 1 to 4 weeks so that the development process is aligned with the changing business 

needs. 

 
➢ An agile team is a nimble team able to appropriately respond to changes. Change is what software 

development is very much about. Changes in the software being built, changes to the team 

members, changes because of new technology, changes of all kinds that may have an impact on 

the product they build or the project that creates the product. Support for changes should be built- 

in everything we do in software, something we embrace because it is the heart and soul of 

software. 

 
➢ An agile team recognizes that software is developed by individuals working in teams and that the 

skills of these people, their ability to collaborate is at the core for the success of the project. 

 
➢ The aim of agile process is to deliver the working model of software quickly to the customer For 

example: Extreme programming is the best known of agile process. 

 

1.2 AGILITY AND THE COST OF CHANGE 

 
➢ In conventional software development the cost of change increases non linearly as a project 

progresses (Fig Solid Black curve). 

 
➢ An agile process reduces the cost of change because software is released in increments and 

change can be better controlled within an increment. 

 
➢ Agility argue that a well-designed agile process “flattens” the cost of change curve shown in 

following figure (shaded, solid curve), allowing a software team to accommodate changes late in 

a software project without dramatic cost and time impact. 

 
➢ When incremental delivery is coupled with other agile practices such as continuous unit testing 

and pair programming, the cost of making a change is attenuated(reduced). Although debate about 

the degree to which the cost curve flattens is ongoing, there is evidence to suggest that a 

significant reduction in the cost of change can be achieved. application, design, architecture etc. 

The verification process involves activities like reviews, walk-throughs and inspection. 
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1.3 WHAT IS AN AGILE PROCESS? 
 

Any agile software process is characterized in a manner that addresses a number of key 

assumptions about the majority of software projects: 

 
1. It is difficult to predict in advance which software requirements will persist and which will 

change. It is equally difficult to predict how customer priorities will change as the project 

proceeds. 

2. For many types of software, design and construction are interleaved. That is, both activities 

should be performed in tandem so that design models are proven as they are created. It is 

difficult to predict how much design is necessary before construction is used to prove the 

design. 

3. Analysis, design, construction, and testing are not as predictable. 

 
Given these three assumptions, an important question arises: 

 
1) How do we create a process that can manage unpredictability? 

 
It lies in process adaptability. An agile process, therefore, must be adaptable. But continual 

adaptation without forward progress accomplishes little. Therefore, an agile software process 

must adapt incrementally. 

 
To accomplish incremental adaptation, an agile team requires customer feedback. An effective 

catalyst for customer feedback is an operational prototype or a portion of an operational system. 

Hence, an incremental development strategy should be instituted. Software increments must be 

delivered in short time periods so that adaptation keeps pace with change. 

 
This iterative approach enables the customer to evaluate the software increment regularly, provide 

necessary feedback to the software team, and influence the process adaptations that are made to 

accommodate the feedback. 
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1.3.1 Agility Principles 

 
Agility principles for those who want to achieve agility: 

 
1. Our highest priority is to satisfy the customer through early and continuous delivery of 

valuable software. 

2. Welcome changing requirements, even late in development. Agile processes harness change 

for the customer’s competitive advantage. 

3.  Deliver working software frequently, from a couple of weeks to a couple of months, with a 

preference to the shorter timescale. 

4. Business people and developers must work together daily throughout the project. 

5.  Build projects around motivated individuals. Give them the environment and support they 

need, and trust them to get the job done. 

6. The most efficient and effective method of conveying information to and within a 

development team is face-to-face conversation. 

7. Working software is the primary measure of progress. 

8. Agile processes promote sustainable development. The sponsors, developers, and users 

should be able to maintain a constant pace indefinitely. 

9. Continuous attention to technical excellence and good design enhances agility. 

10. Simplicity—the art of maximizing the amount of work not done—is essential. 

11. The best architectures, requirements, and designs emerge from self– organizing teams 

12. At regular intervals, the team reflects on how to become more effective, then tunes and adjusts 

its behavior accordingly. 

 
Not every agile process model applies these 12 principles with equal weight, and some models 

choose to ignore (or at least downplay) the importance of one or more of the principles. 

 

1.3.2 The Politics of Agile Development 

 
• There is debate about the benefits and applicability of agile software development as opposed 

to more conventional software engineering processes (produces documents rather than 

working product). 

 

• Even within the agile, there are many proposed process models each with a different approach 

to the agility. 

 
1.3.3 Human Factors 

 
Agile development focuses on the talents and skills of individuals, molding the process to specific 

people and teams.” The key point in this statement is that the process molds to the needs of the people 

and team. 
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1. Competence. In an agile development context, “competence” encompasses innate talent, 

specific software-related skills, and overall knowledge of the process that the team has chosen 

to apply. Skill and knowledge of process can and should be taught to all people who serve as 

agile team members. 

 
2. Common focus. Although members of the agile team may perform different tasks and bring 

different skills to the project, all should be focused on one goal—to deliver a working 

software increment to the customer within the time promised. To achieve this goal, the team 

will also focus on continual adaptations (small and large) that will make the process fit the 

needs of the team. 

 
3.  Collaboration. Software engineering (regardless of process) is about assessing, analyzing, 

and using information that is communicated to the software team; creating information that 

will help all stakeholders understand the work of the team; and building information 

(computer software and relevant databases) that provides business value for the customer. To 

accomplish these tasks, team members must collaborate—with one another and all other 

stakeholders. 

 
4. Decision-making ability. Any good software team (including agile teams) must be allowed 

the freedom to control its own destiny. This implies that the team is given autonomy— 

decision-making authority for both technical and project issues. 

 
5.  Fuzzy problem-solving ability. Software managers must recognize that the agile team will 

continually have to deal with ambiguity and will continually be buffeted by change. 

 
6. Mutual trust and respect. The agile team must become what DeMarco and Lister call a 

“jelled” team. A jelled team exhibits the trust and respect that are necessary to make them “so 

strongly knit that the whole is greater than the sum of the parts.” 

 
7. Self-organization. In the context of agile development, self-organization implies three things: 

(1) the agile team organizes itself for the work to be done, (2) the team organizes the process 

to best accommodate its local environment, (3) the team organizes the work schedule to best 

achieve delivery of the software increment. Self-organization has a number of technical 

benefits, but more importantly, it serves to improve collaboration and boost team morale. 
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1.4 EXTREME PROGRAMMING (XP) 

 
Extreme Programming (XP), the most widely used approach to agile software development, 

emphasizes business results first and takes an incremental, get-something-started approach to 

building the product, using continual testing and revision. XP proposed by Kent beck during the late 

1980’s. 

 
1.4.1 XP Values 

 
Beck defines a set of five values that establish a foundation for all work performed as part of XP— 

communication, simplicity, feedback, courage, and respect. Each of these values is used as a 

driver for specific XP activities, actions, and tasks. 

 
In order to achieve effective communication between software engineers and other 

stakeholders, XP emphasizes close, yet informal collaboration between customers and developers, the 

establishment of effective metaphors for communicating important concepts, continuous feedback, 

and the avoidance of voluminous documentation as a communication medium. 

 
To achieve simplicity, XP restricts developers to design only for immediate needs, rather than 

consider future needs. The intent is to create a simple design that can be easily implemented in code. 

If the design must be improved, it can be refactored at a later time. 

 
Feedback is derived from three sources: the implemented software itself, the customer, and 

other software team members. By designing and implementing an effective testing strategy the 

software provides the agile team with feedback. XP makes use of the unit test as its primary testing 

tactic. As each class is developed, the team develops a unit test to exercise each operation according 

to its specified functionality. 

 
Beck argues that strict adherence to certain XP practices demands courage. A better word 

might be discipline. An agile XP team must have the discipline (courage) to design for today, 

recognizing that future requirements may change dramatically, thereby demanding substantial rework 

of the design and implemented code. 

 
By following each of these values, the agile team inculcates respect among its members, 

between other stakeholders and team members, and indirectly, for the software itself. As they achieve 

successful delivery of software increments, the team develops growing respect for the XP process. 
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1.4.2 The XP Process 

 
Extreme Programming uses an object-oriented approach as its preferred development paradigm and 

encompasses a set of rules and practices that occur within the context of four framework activities: 

planning, design, coding, and testing. Following figure illustrates the XP process and notes some of 

the key ideas and tasks that are associated with each framework activity. 

 

Fig : The Extreme Programming process 

 

 
Key XP activities are 

 

1) Planning. The planning activity begins with listening—a requirements gathering activity. 

 
• Listening leads to the creation of a set of “stories” (also called user stories) that describe 

required output, features, and functionality for software to be built. 

• Each story is written by the customer and is placed on an index card. The customer 

assigns a value (i.e., a priority) to the story based on the overall business value of the 

feature or function. 

 

• Members of the XP team then assess each story and assign a cost— measured in 

development weeks—to it. 

 

• If the story is estimated to require more than three development weeks, the story into 

smaller stories and the assignment of value and cost occurs again. It is important to note 

that new stories can be written at any time. 
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• The stories with highest value will be moved up in the schedule and implemented first 

 

2) Design. XP design rigorously follows the KIS (keep it simple) principle. 

 
• If a difficult design problem is encountered as part of the design of a story, XP 

recommends the immediate creation of an operational prototype of that portion of the 

design. Called a spike solution. 

 

• XP encourages refactoring—a construction technique that is also a method for design 

optimization. 

 

• Refactoring is the process of changing a software system in a way that it does not change 

the external behavior of the code and improves the internal structure. 

 
 

3) Coding. After stories are developed and preliminary design work is done, the team does not 

move to code, develops a series of unit tests for each of the stories that is to be included in the 

current release (software increment). 

• Once the unit test has been created, the developer is better able to focus on what must 

be implemented to pass the test. 

• Once the code is complete, it can be unit-tested immediately, and providing feedback to 

the developers. 

• A key concept during the coding activity is pair programming. i.e.., two people work 

together at one computer workstation to create code for a story. 

• As pair programmers complete their work, the code they develop is integrated with the 

work of others. 
 

4) Testing. The creation of unit tests before coding commences is a key element of the XP 

approach. The unit tests that are created should be implemented using a framework that 

enables them to be automated. This encourages a regression testing strategy whenever code is 

modified. 

 

• As the individual unit tests are organized into a “universal testing suite” integration and 

validation testing of the system can occur on a daily basis. This provides the XP team with a 

continual indication of progress and also can raise warning flags early if things go awry. 

Wells states: “Fixing small problems every few hours takes less time than fixing huge 

problems just before the deadline.” 
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• XP acceptance tests, also called customer tests, are specified by the customer and focus on 

overall system features and functionality that are visible and reviewable by the customer. 

Acceptance tests are derived from user stories that have been implemented as part of a 

software release. 

 
1.4.3 Industrial XP 

 
Joshua Kerievsky describes Industrial Extreme Programming (IXP) in the following manner: 

“IXP is an organic evolution of XP. It is imbued with XP’s minimalist, customer-centric, test-driven 

spirit. IXP differs most from the original XP in its greater inclusion of management, its expanded role 

for customers, and its upgraded technical practices.” IXP incorporates six new practices that are 

designed to help ensure that an XP project works successfully for significant projects within a large 

organization. 

 
Readiness assessment. Prior to the initiation of an IXP project, the organization should conduct a 

readiness assessment. The assessment ascertains whether (1) an appropriate development 

environment exists to support IXP, (2) the team will be populated by the proper set of stakeholders, 

(3) the organization has a distinct quality program and supports continuous improvement, (4) the 

organizational culture will support the new values of an agile team, and (5) the broader project 

community will be populated appropriately. 

 
Project community. Classic XP suggests that the right people be used to populate the agile team to 

ensure success. The implication is that people on the team must be well-trained, adaptable and 

skilled, and have the proper temperament to contribute to a self-organizing team. When XP is to be 

applied for a significant project in a large organization, the concept of the “team” should morph into 

that of a community. A community may have a technologist and customers who are central to the 

success of a project as well as many other stakeholders (e.g., legal staff, quality auditors, 

manufacturing or sales types) who “are often at the periphery of an IXP project yet they may play 

important roles on the project”. In IXP, the community members and their roles should be explicitly 

defined and mechanisms for communication and coordination between community members should 

be established. 

 
Project chartering. The IXP team assesses the project itself to determine whether an appropriate 

business justification for the project exists and whether the project will further the overall goals and 

objectives of the organization. Chartering also examines the context of the project to determine how it 

complements, extends, or replaces existing systems or processes. 

 
Test-driven management. An IXP project requires measurable criteria for assessing the state of the 

project and the progress that has been made to date. Test-driven management establishes a series of 

measurable “destinations” and then defines mechanisms for determining whether or not these 

destinations have been reached. 
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Retrospectives. An IXP team conducts a specialized technical review after a software increment is 

delivered. Called a retrospective, the review examines “issues, events, and lessons-learned” across a 

software increment and/or the entire software release. The intent is to improve the IXP process. 

 
Continuous learning. Because learning is a vital part of continuous process improvement, members 

of the XP team are encouraged (and possibly, incented) to learn new methods and techniques that can 

lead to a higher quality product. 

 
1.4.4 The XP Debate 

 
• Requirements volatility. The customer is an active member of the XP team, changes to 

requirements are requested informally. As a consequence, the scope of the project can change 

and earlier work may have to be modified to accommodate current needs. 

 

• Conflicting customer needs. Many projects have multiple customers, each with his own set 

of needs. 

 

• Requirements are expressed informally. User stories and acceptance tests are the only 

explicit manifestation of requirements in XP. specification is often needed to remove 

inconsistencies, and errors before the system is built. 

 

• Lack of formal design: when complex systems are built, design must have the overall 

structure of the software then it will exhibit quality. 

 
1.5 OTHER AGILE PROCESS MODELS 

 
Other agile process models have been proposed and are in use across the industry. Among the 

most common are: 

 

• Adaptive Software Development (ASD) 

• Scrum 

• Dynamic Systems Development Method (DSDM) 

• Crystal 

• Feature Drive Development (FDD) 

• Lean Software Development (LSD) 

• Agile Modeling (AM) 

• Agile Unified Process (AUP) 
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Adaptive Software Development (ASD) 

 
Adaptive Software Development (ASD) has been proposed by Jim Highsmith as a technique 

for building complex software and systems. The philosophical underpinnings of ASD focus on 

human collaboration and team self-organization. 

 
High smith argues that an agile, adaptive development approach based on collaboration is “as 

much a source of order in our complex interactions as discipline and engineering.” He defines an 

ASD “life cycle” that incorporates three phases, speculation, collaboration, and learning. 

 

Fig: Adaptive software development 

 
During speculation, the project is initiated and adaptive cycle planning is conducted. Adaptive 

cycle planning uses project initiation information—the customer’s mission statement, project 

constraints (e.g., delivery dates or user descriptions), and basic requirements—to define the set of 

release cycles (software increments) that will be required for the project. 

 
Motivated people use collaboration in a way that multiplies their talent and creative output beyond 

their absolute numbers. This approach is a recurring theme in all agile methods. But collaboration is 

not easy. It encompasses communication and teamwork, but it also emphasizes individualism, 

because individual creativity plays an important role in collaborative thinking. It is, above all, a 

matter of trust. People working together must trust one another to (1) criticize without animosity, (2) 

assist without resentment, (3) work as hard as or harder than they do, (4) have the skill set to 

contribute to the work at hand, and (5) communicate problems or concerns in a way that leads to 

effective action. 

 
As members of an ASD team begin to develop the components that are part of an adaptive cycle, the 

emphasis is on “learning” as much as it is on progress toward a completed cycle. 
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ASD teams learn in three ways: focus groups, technical reviews, and project postmortems. ASD’s 

overall emphasis on the dynamics of self-organizing teams, interpersonal collaboration, and 

individual and team learning yield software project teams that have a much higher likelihood of 

success. 

 

Scrum 

 
Scrum is an agile software development method that was conceived by Jeff Sutherland and his 

development team in the early 1990s. Scrum principles are consistent with the agile manifesto and are 

used to guide development activities within a process that incorporates the following framework 

activities: requirements, analysis, design, evolution, and delivery. Within each framework activity, 

work tasks occur within a process pattern called a sprint. The work conducted within a sprint is 

adapted to the problem at hand and is defined and often modified in real time by the Scrum team. The 

overall flow of the Scrum process is illustrated in following figure. 

 

 
Scrum emphasizes the use of a set of software process patterns that have proven effective for projects 

with tight timelines, changing requirements, and business criticality. Each of these process patterns 

defines a set of development actions: 

 
Backlog—a prioritized list of project requirements or features that provide business value for the 

customer. Items can be added to the backlog at any time. The product manager assesses the backlog 

and updates priorities as required. 
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Sprints—consist of work units that are required to achieve a requirement defined in the backlog that 

must be fit into a predefined time-box (typically 30 days). Changes (e.g., backlog work items) are not 

introduced during the sprint. Hence, the sprint allows team members to work in a short-term, but 

stable environment. 

 
Scrum meetings—are short (typically 15 minutes) meetings held daily by the Scrum team. Three key 

questions are asked and answered by all team members 

o What did you do since the last team meeting? 

o What obstacles are you encountering? 

o What do you plan to accomplish by the next team meeting? 

 
A team leader, called a Scrum master, leads the meeting and assesses the responses from each 

person. The Scrum meeting helps the team to uncover potential problems as early as possible. Also, 

these daily meetings lead to “knowledge socialization” 

 
Demos—deliver the software increment to the customer so that functionality that has been 

implemented can be demonstrated and evaluated by the customer. It is important to note that the 

demo may not contain all planned functionality, but rather those functions that can be delivered 

within the time-box that was established. 

 
Dynamic Systems Development Method (DSDM) 

 
The Dynamic Systems Development Method (DSDM) is an agile software development 

approach that “provides a framework for building and maintaining systems which meet tight time 

constraints through the use of incremental prototyping in a controlled project environment” The 

DSDM philosophy is borrowed from a modified version of the Pareto principle—80 percent of an 

application can be delivered in 20 percent of the time. It would take to deliver the complete (100 

percent) application. DSDM is an iterative software process in which each iteration follows the 80 

percent rule. That is, only enough work is required for each increment to facilitate movement to the 

next increment. The remaining detail can be completed later when more business requirements are 

known or changes have been requested and accommodated. 

 

 
The DSDM life cycle that defines three different iterative cycles, preceded by two additional life cycle 

activities: 

 

• Feasibility study—establishes the basic business requirements and constraints associated 

with the application to be built and then assesses whether the application is a viable candidate 

for the DSDM process 



SOFTWARE ENGINEERING AND PROJECT MANAGEMENT(BCS501) 

1 

 

 

• Business study—establishes the functional and information requirements that will allow the 

application to provide business value; also, defines the basic application architecture and 

identifies the maintainability requirements for the application. 

 
• Functional model iteration—produces a set of incremental prototypes that demonstrate 

functionality for the customer. The intent during this iterative cycle is to gather additional 

requirements by eliciting feedback from users as they exercise the prototype. 

 

• Design and build iteration—revisits prototypes built during functional model iteration to 

ensure that each has been engineered in a manner that will enable it to provide operational 

business value for end users. In some cases, functional model iteration and design and build 

iteration occur concurrently. 

 

• Implementation—places the latest software increment into the operational environment. It 

should be noted that (1) the increment may not be 100 percent complete or (2) changes may 

be requested as the increment is put into place. In either case, DSDM development work 

continues by returning to the functional model iteration activity. 

 
Crystal 

 
Alistair Cockburn and Jim Highsmith created the Crystal family of agile methods in order 

to achieve a software development approach that puts a premium on “maneuverability” during what 

Cockburn characterizes as “a resource limited, cooperative game of invention and communication, 

with a primary goal of delivering useful, working software and a secondary goal of setting up for the 

next game” 

 
The Crystal family is actually a set of example agile processes that have been proven effective 

for different types of projects. The intent is to allow agile teams to select the member of the crystal 

family that is most appropriate for their project and environment. 

 
Feature Driven Development (FDD) 

 
Feature Driven Development (FDD) was originally conceived by Peter Coad and his 

colleagues as a practical process model for object-oriented software engineering. Stephen Palmer and 

John Felsing have extended and improved Coad’s work, describing an adaptive, agile process that can 

be applied to moderately sized and larger software projects. 

 
Like other agile approaches, FDD adopts a philosophy that (1) emphasizes collaboration among 

people on an FDD team; (2) manages problem and project complexity using feature-based 

decomposition followed by the integration of software increments, and (3) communication of 

technical detail using verbal, graphical, and text-based means. 
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FDD emphasizes software quality assurance activities by encouraging an incremental 

development strategy, the use of design and code inspections, the application of software quality 

assurance audits, the collection of metrics, and the use of patterns (for analysis, design, and 

construction). 

 
In the context of FDD, a feature “is a client-valued function that can be implemented in two 

weeks or less” The emphasis on the definition of features provides the following benefits: 

 

• Because features are small blocks of deliverable functionality, users can describe them more 

easily; understand how they relate to one another more readily; and better review them for 

ambiguity, error, or omissions. 

 

• Features can be organized into a hierarchical business-related grouping. 

 
• Since a feature is the FDD deliverable software increment, the team develops operational 

features every two weeks. 

 

•  Because features are small, their design and code representations are easier to inspect 

effectively. 

 

• Project planning, scheduling, and tracking are driven by the feature hierarchy, rather than an 

arbitrarily adopted software engineering task set. 

 
Coad and his colleagues suggest the following template for defining a feature: 

 
<action> the <result> < by|for| of |to> a(n) <object> 

Where an <object> is “a person, place or thing. 
 

 
 

 
Fig: Feature Driven Development (FDD) 
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FDD provides greater emphasis on project management guidelines and techniques than many other 

agile methods. FDD defines six milestones during the design and implementation of a feature: 

“design walkthrough, design, design inspection, code, code inspection, promote to build” 

 

Lean Software Development (LSD) 

 
Lean Software Development (LSD) has adapted the principles of lean manufacturing to the 

world of software engineering. The lean principles that inspire the LSD process can be summarized 

as eliminate waste, build quality in, create knowledge, defer commitment, deliver fast, respect people, 

and optimize the whole. Each of these principles can be adapted to the software process. 

For example, eliminate waste within the context of an agile software project as 

1)adding no extraneous features or functions 

(2) assessing the cost and schedule impact of any newly requested requirement, 

(3) removing any superfluous process steps, 

(4) establishing mechanisms to improve the way team members find information, 

(5) ensuring the testing finds as many errors as possible, 

 

 
Agile Modeling (AM) 

 
Agile Modeling (AM) is a practice-based methodology for effective modeling and 

documentation of software-based systems. Simply put, Agile Modeling (AM) is a collection of 

values, principles, and practices for modeling software that can be applied on a software development 

project in an effective and light-weight manner. Agile models are more effective than traditional 

models because they are just barely good, they don’t have to be perfect. 

 
Agile modeling adopts all of the values that are consistent with the agile manifesto. The agile 

modeling philosophy recognizes that an agile team must have the courage to make decisions that may 

cause it to reject a design and refactor. The team must also have the humility to recognize that 

technologists do not have all the answers and that business experts and other stakeholders should be 

respected and embraced. 

 

 
Agile Modeling suggests a wide array of “core” and “supplementary” modeling principles, those 

that make AM unique are: 

 

• Model with a purpose. A developer who uses AM should have a specific goal in mind before 

creating the model. Once the goal for the model is identified, the type of notation to be used and 

level of detail required will be more obvious. 
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• Use multiple models. There are many different models and notations that can be used to describe 

software. Only a small subset is essential for most projects. AM suggests that to provide needed 

insight, each model should present a different aspect of the system and only those models that 

provide value to their intended audience should be used. 

 

•  Travel light. As software engineering work proceeds, keep only those models that will provide 

long-term value and jettison the rest. Every work product that is kept must be maintained as 

changes occur. This represents work that slows the team down. Ambler notes that “Every time 

you decide to keep a model you trade-off agility for the convenience of having that information 

available to your team in an abstract manner 

 

•  Content is more important than representation. Modeling should impart information to its 

intended audience. A syntactically perfect model that imparts little useful content is not as 

valuable as a model with flawed notation that nevertheless provides valuable content for its 

audience. • Know the models and the tools you use to create them. Understand the strengths and 

weaknesses of each model and the tools that are used to create it. 

 

• Adapt locally. The modeling approach should be adapted to the needs of the agile team. 

 

Agile Unified Process (AUP) 

 
The Agile Unified Process (AUP) adopts a “serial in the large” and “iterative in the small” 

philosophy for building computer-based systems. By adopting the classic UP phased activities— 

inception, elaboration, construction, and transition—AUP provides a serial overlay that enables a 

team to visualize the overall process flow for a software project. However, within each of the 

activities, the team iterates to achieve agility and to deliver meaningful software increments to end 

users as rapidly as possible. Each AUP iteration addresses the following activities. • 

 

• Modeling. UML representations of the business and problem domains are created. 

 
• Implementation. Models are translated into source code. 

 
• Testing. Like XP, the team designs and executes a series of tests to uncover errors and ensure 

that the source code meets its requirements. 

 

• Deployment. Like the generic process activity deployment in this context focuses on the 

delivery of a software increment and the acquisition of feedback from end users. 

 

• Configuration and project management. In the context of AUP, configuration management 

addresses change management, risk management, and the control of any persistent work products 
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that are produced by the team. Project management tracks and controls the progress of the team 

and coordinates team activities. 

 

• Environment management. Environment management coordinates a process infrastructure that 

includes standards, tools, and other support technology available to the team. 

 
1.6 A TOOL SET FOR AGILE PROCESS 

 
Some proponents of the agile philosophy argue that automated software tools (e.g., design tools) 

should be viewed as a minor supplement to the team’s activities, and not at all pivotal to the success 

of the team. 

 
However, Alistair Cockburn [Coc04] suggests that tools can have a benefit and that “agile teams 

stress using tools that permit the rapid flow of understanding. Some of those tools are social, starting 

even at the hiring stage. Some tools are technological, helping distributed teams simulate being 

physically present. 

 
Many tools are physical, allowing people to manipulate them in workshops.” Because acquiring the 

right people (hiring), team collaboration, stakeholder communication, and indirect management are 

key elements in virtually all agile process models, Cockburn argues that “tools” that address these 

issues are critical success factors for agility. 

 
For example, a hiring “tool” might be the requirement to have a prospective team member spend a 

few hours pair programming with an existing member of the team. The “fit” can be assessed 

immediately. 

 
Collaborative and communication “tools” are generally low tech and incorporate any mechanism 

(“physical proximity, whiteboards, poster sheets, index cards, and sticky notes” [Coc04]) that 

provides information and coordination among agile developers 

 
Active communication is achieved via the team dynamics (e.g., pair programming), while passive 

communication is achieved by “information radiators” (e.g., a flat panel display that presents the 

overall status of different components of an increment). 

 
Project management tools deemphasize the Gantt chart and replace it with earned value charts or 

“graphs of tests created versus passed . . . other agile tools are used to optimize the environment in 

which the agile team works (e.g., more efficient meeting areas), improve the team culture by 

nurturing social interactions (e.g., collocated teams), physical devices (e.g., electronic whiteboards), 

and process enhancement (e.g., pair programming or time-boxing)” [Coc04]. 
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CHAPTER 2 

PRINCIPLES THAT GUIDE THE PRACTICE 

 
Practice is a collection of concepts, principles, methods, and tools that a software engineer calls upon 

on a daily basis. 

 
Practice allows managers to manage software projects and software engineers to build computer 

programs. 

 
Practice populates a software process model with the necessary technical and management how-to’s 

to get the job done. 

 
1.1 SOFTWARE ENGINEERING KNOWLEDGE 

 
In an editorial published in IEEE Software a decade ago, Steve McConnell [McC99] made the 

following comment: 

 
Many software practitioners think of software engineering knowledge almost exclusively as 

knowledge of specific technologies: Java, Perl, html, C++ Linux, Windows NT, and so on. 

 
Knowledge of specific technology details is necessary to perform computer programming. If 

someone assigns you to write a program in C++, you have to know something about C++ to get your 

program to work. 

 
You often hear people say that software development knowledge has a 3-year half-life: half of what 

you need to know today will be obsolete within 3 years. In the domain of technology-related 

knowledge, that’s probably about right. But there is another kind of software development 

knowledge—a kind that I think of as “software engineering principles”—that does not have a three- 

year half-life. These software engineering principles are likely to serve a professional programmer 

throughout his or her career. 

 
McConnell goes on to argue that the body of software engineering knowledge (circa the year 2000) 

had evolved to a “stable core” that he estimated represented about “75 percent of the knowledge 

needed to develop a complex system.” But what resides within this stable core? As McConnell 

indicates, core principles—the elemental ideas that guide software engineers in the work that they 

do—now provide a foundation from which software engineering models, methods, and tools can be 

applied and evaluated. 
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1.8 CORE PRINCIPLES 

 
Software engineering is guided by a collection of core principles that help in the application of a 

meaningful software process and the execution of effective software engineering methods. At the 

process level, core principles establish a philosophical foundation that guides a software team as it 

performs framework and umbrella activities, navigates the process flow, and produces a set of 

software engineering work products. 

 
At the level of practice, core principles establish a collection of values and rules that serve as a guide 

as you analyze a problem, design a solution, implement and test the solution, and ultimately deploy 

the software in the user community identified a set of general principles that span software 

engineering process and practice: 

 
(1) provide value to end users, 

(2) keep it simple, 

(3) maintain the vision (of the product and the project), 

(4) recognize that others consume (and must understand) what you produce, 

(5) be open to the future, 

(6) plan ahead for reuse, and 

(7) think! 

Although these general principles are important, they are characterized at such a high level of 

abstraction that they are sometimes difficult to translate into day-to-day software engineering 

practice. 

 
1.8.1 Principles that Guide Process 

 
The following set of core principles can be applied to the framework, and by extension, to every 

software process. 

 
Principle 1: Be agile. Whether the process model you choose is prescriptive or agile. 

1. keep your technical approach as simple as possible 

2. keep the work products you produce as concise(short) as possible 

3. Make decisions locally whenever possible. 

 
Principle 2. Focus on quality at every step. For every process activity, action, and task should focus 

on the quality of the work product that has been produced. 

 
Principle 3. Be ready to adapt. adapt your approach to conditions imposed by the problem, the 

people, and the project itself. 

 
Principle 4. Build an effective team. Build a self-organizing team that has mutual trust and respect. 
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Principle 5. Establish mechanisms for communication and coordination. Projects fail because 

stakeholders fail to coordinate their efforts to create a successful end product. 

 
Principle 6. Manage change. The methods must be established to manage the way changes are 

requested, approved, and implemented. 

 
Principle 7. Assess risk. Lots of things can go wrong as software is being developed. 

 
Principle 8. Create work products that provide value for others. Create only those work products 

that provide value for other process activities, actions and tasks. 

 
1.8.2 Principles That Guide Practice 

 
▪ Software engineering practice has a single goal i.e.., to deliver on-time, high quality, 

operational software that contains functions and features that meet the needs of all 

stakeholders. 

 
▪ To achieve this goal, should adopt a set of core principles that guide the technical work. 

 
▪ The following set of core principles are fundamental to the practice of software 

engineering: 

 
Principle 1. Divide and conquer. A large problem is easier to solve if it is subdivided into a 

collection of elements (or modules or components). Ideally, each element delivers distinct 

functionality that can be developed. 

 
Principle 2. Understand the use of abstraction. At its core, an abstraction(overview) is a 

simplification of some complex element of a system used to communicate meaning in a single phrase. 

 
Principle 3. Strive for consistency. Whether it’s creating a requirements model, developing a 

software design, generating source code, or creating test cases. All these are consistent so that the 

software is easier to develop. 

 
Principle 4. Focus on the transfer of information. Software is about information transfer—from a 

database to an end user, from an operating system to an application, 

 
Principle 5. Build software that exhibits effective modularity. Modularity provides a mechanism 

for any complex system can be divided into modules (components). 

 
Principle 6. Look for patterns. Brad Appleton suggests that: The goal of patterns within the 

software community is to create a body of literature to help software developers resolve recurring 

problems encountered throughout all of software development process. 
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Principle 7. When possible, represent the problem and its solution from a number of different 

perspectives. When a problem and its solution are examined from a number of different 

perspectives(ways). 

 
Principle 8. Remember that someone will maintain the software. software will be corrected as 

defects are remove, adapted as its environment changes, and enhanced as stakeholders request more 

capabilities. 

 

1.9 PRINCIPLES THAT GUIDE EACH FRAMEWORK ACTIVITY 

1.9.1 Communication Principles 

Customer requirements must be gathered through the communication activity. Communication has 

begun. 

 
Principle 1. Listen. 

 
Try to focus on the speaker’s words, rather than formulating your response to those words. Ask for 

clarification if something is unclear, but avoid constant interruptions. Never become contentious in 

your words or actions (e.g., rolling your eyes or shaking your head) as a person is talking. 

 
Principle 2. Prepare before you communicate. Spend the time to understand the problem before 

you meet with others. If necessary, do some research to understand business domain jargon. If you 

have responsibility for conducting a meeting, prepare an agenda in advance of the meeting. 

 
Principle 3. Someone should facilitate the activity. Every communication meeting should have a 

leader (a facilitator) to keep the conversation moving in a productive direction, (2) to mediate any 

conflict that does occur, and (3) to ensure than other principles are followed. 

 
Principle 4. Face-to-face communication is best. But it usually works better when some other 

representation of the relevant information is present. For example, a participant may create a drawing 

or a “strawman” document that serves as a focus for discussion. 

 
Principle 5. Take notes and document decisions. Things have a way of falling into the cracks. 

Someone participating in the communication should serve as a “recorder” and write down all 

important points and decisions. 

 
Principle 6. Strive for collaboration. Collaboration and consensus occur when the collective 

knowledge of members of the team is used to describe product or system functions or features. Each 

small collaboration serves to build trust among team members and creates a common goal for the 

team. 
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Principle 7. Stay focused; modularize your discussion. The more people involved in any 

communication, the more likely that discussion will bounce from one topic to the next. The facilitator 

should keep the conversation modular, leaving one topic only after it has been resolved 

 
Principle 8. If something is unclear, draw a picture. Verbal communication goes only so far. A 

sketch or drawing can often provide clarity when words fail to do the job. 

 
Principle 9. (a) Once you agree to something, move on. (b) If you can’t agree to something, move on. 

(c) If a feature or function is unclear and cannot be clarified at the moment, move on. 

Communication, like any software engineering activity, takes time. Rather than iterating endlessly, 

the people who participate should recognize that many topics require discussion (see Principle 2) and 

that “moving on” is sometimes the best way to achieve communication agility. 

 
Principle 10. Negotiation is not a contest or a game. It works best when both parties win. There are 

many instances in which you and other stakeholders must negotiate functions and features, priorities, 

and delivery dates. If the team has collaborated well, all parties have a common goal. Still, 

negotiation will demand compromise from all parties. 

 
1.9.2 Planning Principles 

 

• The communication activity helps you to define your overall goals and objectives. 

 
• The planning activity encompasses a set of management and technical practices that enable 

the software team to define a road map as it travels toward the objectives. 

 
The following principles always apply: 

 
Principle 1. Understand the scope of the project. It’s impossible to use a road map if you don’t 

know where you’re going. Scope provides the software team with a destination. 

 
Principle 2. Involve stakeholders in the planning activity. Stakeholders define priorities and 

establish project constraints. To accommodate these realities, software engineers must often negotiate 

order of delivery, time lines, and other project-related issues. 

 
Principle 3. Recognize that planning is iterative. A project plan is never engraved in stone. As 

work begins, it is very likely that things will change. As a consequence, the plan must be adjusted to 

accommodate these changes. In addition, iterative, incremental process models dictate replanning 

after the delivery of each software increment based on feedback received from users. 

 
Principle 4. Estimate based on what you know. The intent of estimation is to provide an indication 

of effort, cost, and task duration, based on the team’s current understanding of the work to be done. If 

information is vague or unreliable, estimates will be equally unreliable. 
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Principle 5. Consider risk as you define the plan. If you have identified risks that have high impact 

and high probability, contingency planning is necessary. In addition, the project plan (including the 

schedule) should be adjusted to accommodate the likelihood that one or more of these risks will 

occur. 

 
Principle 6. Be realistic. People don’t work 100 percent of every day. Noise always enters into any 

human communication. Omissions and ambiguity are facts of life. Change will occur. Even the best 

software engineers make mistakes. These and other realities should be considered as a project plan is 

established. 

 
Principle 7. Adjust granularity as you define the plan. Granularity refers to the level of detail that 

is introduced as a project plan is developed. A “high-granularity” plan provides significant work task 

detail that is planned over relatively short time increments (so that tracking and control occur 

frequently). A “low-granularity” plan provides broader work tasks that are planned over longer time 

periods. In general, granularity moves from high to low as the project time line moves away from the 

current date. Over the next few weeks or months, the project can be planned in significant detail. 

Activities that won’t occur for many months do not require high granularity (too much can change). 

 
Principle 8. Define how you intend to ensure quality. The plan should identify how the software 

team intends to ensure quality. If technical reviews3 are to be conducted, they should be scheduled. If 

pair programming (Chapter 3) is to be used during construction, it should be explicitly defined within 

the plan. 

 
Principle 9. Describe how you intend to accommodate change. Even the best planning can be 

obviated by uncontrolled change. You should identify how changes are to be accommodated as 

software engineering work proceeds. For example, can the customer request a change at any time? If 

a change is requested, is the team obliged to implement it immediately? How is the impact and cost of 

the change assessed? 

 
Principle 10. Track the plan frequently and make adjustments as required. Software projects fall 

behind schedule one day at a time. Therefore, it makes sense to track progress on a daily basis, 

looking for problem areas and situations in which scheduled work does not conform to actual work 

conducted. When slippage is encountered, the plan is adjusted accordingly. 

 
1.9.3 Modeling Principles 

 

Create models to gain a better understanding of the actual entity to be built. The modeling principles 

are: 

 
Principle 1. The primary goal of the software team is to build software, not create models. 

Agility means getting software to the customer in the fastest possible time. Models that make this 
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happen are worth creating, but models that slow the process down or provide little new insight should 

be avoided. 

 
Principle 2. Travel light—don’t create more models than you need. Every model that is created must 

be kept up-to-date as changes occur. More importantly, every new model takes time that might 

otherwise be spent on construction (coding and testing). Therefore, create only those models that 

make it easier and faster to construct the software. 

 
Principle 3. Strive to produce the simplest model that will describe the problem or the software. 

Don’t overbuild the software [Amb02b]. By keeping models simple, the resultant software will also 

be simple. The result is software that is easier to integrate, easier to test, and easier to maintain (to 

change). In addition, simple models are easier for members of the software team to understand and 

critique, resulting in an ongoing form of feedback that optimizes the end result. 

 
Principle 4. Build models in a way that makes them amenable to change. Assume that your 

models will change, but in making this assumption don’t get sloppy. For example, since requirements 

will change, there is a tendency to give requirements models short shrift. Why? Because you know 

that they’ll change anyway. The problem with this attitude is that without a reasonably complete 

requirements model, you’ll create a design (design model) that will invariably miss important 

functions and features. 

 
Principle 5. Be able to state an explicit purpose for each model that is created. Every time you 

create a model, ask yourself why you’re doing so. If you can’t provide solid justification for the 

existence of the model, don’t spend time on it. 

 
Principle 6. Adapt the models you develop to the system at hand. It may be necessary to adapt 

model notation or rules to the application; for example, a video game application might require a 

different modeling technique than real-time, embedded software that controls an automobile engine. 

 
Principle 7. Try to build useful models, but forget about building perfect models. When building 

requirements and design models, a software engineer reaches a point of diminishing returns. That is, 

the effort required to make the model absolutely complete and internally consistent is not worth the 

benefits of these properties. Am I suggesting that modeling should be sloppy or low quality? The 

answer is “no.” But modeling should be conducted with an eye to the next software engineering steps. 

Iterating endlessly to make a model “perfect” does not serve the need for agility. 

 
Principle 8. Don’t become dogmatic about the syntax of the model. If it communicates content 

successfully, representation is secondary Although everyone on a software team should try to use 

consistent notation during modeling, the most important characteristic of the model is to 

communicate information that enables the next software engineering task. If a model does this 

successfully, incorrect syntax can be forgiven. 
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Principle 9. If your instincts tell you a model isn’t right even though it seems okay on paper, 

you probably have reason to be concerned. If you are an experienced software engineer, trust your 

instincts. Software work teaches many lessons—some of them on a subconscious level. If something 

tells you that a design model is doomed to fail (even though you can’t prove it explicitly), you have 

reason to spend additional time examining the model or developing a different one. 

 
Principle 10. Get feedback as soon as you can. Every model should be reviewed by members of 

the software team. The intent of these reviews is to provide feedback that can be used to correct 

modeling mistakes, change misinterpretations, and add features or functions that were inadvertently 

omitted. 

 
Requirements modeling principles. 

 

Principle 1. The information domain of a problem must be represented and understood. The 

information domain encompasses the data that flow into the system (from end users, other systems, or 

external devices), the data that flow out of the system (via the user interface, network interfaces, 

reports, graphics, and other means), and the data stores that collect and organize persistent data 

objects (i.e., data that are maintained permanently). 

 
Principle 2. The functions that the software performs must be defined. Software functions 

provide direct benefit to end users and also provide internal support for those features that are user 

visible. Some functions transform data that flow into the system. In other cases, functions effect some 

level of control over internal software processing or external system elements. Functions can be 

described at many different levels of abstraction, ranging from a general statement of purpose to a 

detailed description of the processing elements that must be invoked. 

 
Principle 3. The behavior of the software (as a consequence of external events) must be 

represented. The behavior of computer software is driven by its interaction with the external 

environment. Input provided by end users, control data provided by an external system, or monitoring 

data collected over a network all cause the software to behave in a specific way. 

 
Principle 4. The models that depict information, function, and behavior must be partitioned in 

a manner that uncovers detail in a layered (or hierarchical) fashion. Requirements modeling is 

the first step in software engineering problem solving. It allows you to better understand the problem 

and establishes a basis for the solution (design). Complex problems are difficult to solve in their 

entirety. For this reason, you should use a divide-and-conquer strategy. A large, complex problem is 

divided into subproblems until each subproblem is relatively easy to understand. This concept is 

called partitioning or separation of concerns, and it is a key strategy in requirements modeling. 

 
Principle 5. The analysis task should move from essential information toward implementation 

detail. Requirements modeling begins by describing the problem from the end-user’s perspective. 

The “essence” of the problem is described without any consideration of how a solution will be 
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implemented. For example, a video game requires that the player “instruct” its protagonist on what 

direction to proceed as she moves into a dangerous maze. That is the essence of the problem. 

Implementation detail (normally described as part of the design model) indicates how the essence will 

be implemented. For the video game, voice input might be used. Alternatively, 

 

Design Modeling Principles 
 

Principle 1. Design should be traceable to the requirements model. The requirements model 

describes the information domain of the problem, user-visible functions, system behavior, and a set of 

requirements classes that package business objects with the methods that service them. The design 

model translates this information into an architecture, a set of subsystems that implement major 

functions, and a set of components that are the realization of requirements classes. The elements of 

the design model should be traceable to the requirements model. 

 
Principle 2. Always consider the architecture of the system to be built. Software architecture is 

the skeleton of the system to be built. It affects interfaces, data structures, program control flow and 

behavior, the manner in which testing can be conducted, the maintainability of the resultant system, 

and much more. For all of these reasons, design should start with architectural considerations. Only 

after the architecture has been established should component-level issues be considered. 

 
Principle 3. Design of data is as important as design of processing functions. Data design is an 

essential element of architectural design. The manner in which data objects are realized within the 

design cannot be left to chance. A well-structured data design helps to simplify program flow, makes 

the design and implementation of software components easier, and makes overall processing more 

efficient. 

 
Principle 4. Interfaces (both internal and external) must be designed with care. The manner in 

which data flows between the components of a system has much to do with processing efficiency, 

error propagation, and design simplicity. A well-designed interface makes integration easier and 

assists the tester in validating component functions. 

 
Principle 5. User interface design should be tuned to the needs of the end user. However, in 

every case, it should stress ease of use. The user interface is the visible manifestation of the software. 

No matter how sophisticated its internal functions, no matter how comprehensive its data structures, 

no matter how well designed its architecture, a poor interface design often leads to the perception that 

the software is “bad.” 

 
Principle 6. Component-level design should be functionally independent. Functional 

independence is a measure of the “single-mindedness” of a software component. The functionality 

that is delivered by a component should be cohesive—that is, it should focus on one and only one 

function or subfunction. 
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Principle 7. Components should be loosely coupled to one another and to the external 

environment. Coupling is achieved in many ways— via a component interface, by messaging, 

through global data. As the level of coupling increases, the likelihood of error propagation also 

increases and the overall maintainability of the software decreases. Therefore, component coupling 

should be kept as low as is reasonable. 

 
Principle 8. Design representations (models) should be easily understandable. The purpose of 

design is to communicate information to practitioners who will generate code, to those who will test 

the software, and to others who may maintain the software in the future. If the design is difficult to 

understand, it will not serve as an effective communication medium. 

 
Principle 9. The design should be developed iteratively. With each iteration, the designer should 

strive for greater simplicity. Like almost all creative activities, design occurs iteratively. The first 

iterations work to refine the design and correct errors, 

 

1.9.4 Construction Principles 
 

The construction activity encompasses a set of coding and testing tasks that lead to operational 

software that is ready for delivery to the customer or end user. coding may be 

 
(1) the direct creation of programming language source code (e.g., Java), 

(2) the automatic generation of source code using an Intermediate design like representation of the 

component to be built. 

 
The initial focus of testing is at the component level, often called unit testing. 

 
Other levels of testing include 

i) integration testing (conducted as the system is constructed). 

ii) validation testing that assesses whether requirements have been met for the complete system (or 

software increment) 

(iii) acceptance testing that is conducted by the customer in an effort to exercise all required features 

and functions. 

 

 

 
The following set of fundamental principles and concepts are applicable to coding and testing: 

 
Coding Principles. The principles that guide the coding task are closely aligned with programming 

style, programming languages, and programming methods. However, there are a number of 

fundamental principles that can be stated: 
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Preparation principles: Before you write one line of code, be sure you 

• Understand of the problem you’re trying to solve. 

 
• Understand basic design principles and concepts. 

 
• Pick a programming language that meets the needs of the software to be built and the 

environment in which it will operate. 

 
• Select a programming environment that provides tools that will make your work easier. 

 
• Create a set of unit tests that will be applied once the component you code is completed. 

 
Programming principles: As you begin writing code, be sure you 

 
• Constrain your algorithms by following structured programming practice. 

 
• Consider the use of pair programming. 

• Select data structures that will meet the needs of the design. 

 
• Understand the software architecture and create interfaces that are consistent with it. 

 
• Keep conditional logic as simple as possible. 

 
• Create nested loops in a way that makes them easily testable. 

 
• Select meaningful variable names and follow other local coding standards. 

 
• Write code that is self-documenting. 

 
• Create a visual layout (e.g., indentation and blank lines) that aids understanding. 

 
Validation Principles: After you’ve completed your first coding pass, be sure you 

 
• Conduct a code walkthrough when appropriate. 

 
• Perform unit tests and correct errors you’ve uncovered. 

 
• Refactor the code. 
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Testing Principles: Glen Myers states a number of rules that can serve well as testing 

objectives: 

 

• Testing is a process of executing a program with the intent of finding an error. 

 
• A good test case is one that has a high probability of finding an as-yet undiscovered error. 

 
• A successful test is one that uncovers an as-yet-undiscovered error. 

 
Davis suggests a set of testing principles that have been adapted for use. 

Principle 1. All tests should be traceable to customer requirements. The objective of software 

testing is to uncover errors. It follows that the most severe defects (from the customer’s point of 

view) are those that cause the program to fail to meet its requirements. 

 
Principle 2. Tests should be planned long before testing begins. Test planning can begin as soon 

as the requirements model is complete. Detailed definition of test cases can begin as soon as the 

design model has been solidified. Therefore, all tests can be planned and designed before any code 

has been generated. 

 
Principle 3. The Pareto principle applies to software testing. In this context the Pareto principle 

implies that 80 percent of all errors uncovered during testing will likely be traceable to 20 percent of 

all program components. The problem, of course, is to isolate these suspect components and to 

thoroughly test them. 

 
Principle 4. Testing should begin “in the small” and progress toward testing “in the large.” The 

first tests planned and executed generally focus on individual components. As testing progresses, 

focus shifts in an attempt to find errors in integrated clusters of components and ultimately in the 

entire system. 

 
Principle 5. Exhaustive testing is not possible. The number of path permutations for even a 

moderately sized program is exceptionally large. For this reason, it is impossible to execute every 

combination of paths during testing. It is possible, however, to adequately cover program logic and to 

ensure that all conditions in the component-level design have been exercised. 
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Deployment Principles 

 
Principle 1. Customer expectations for the software must be managed. Too often, the customer 

expects more than the team has promised to deliver, and disappointment occurs immediately. This 

results in feedback that is not productive and ruins team morale. In her book on managing 

expectations, Naomi Karten states: “The starting point for managing expectations is to become more 

conscientious about what you communicate and how.” She suggests that a software engineer must be 

careful about sending the customer conflicting messages (e.g., promising more than you can 

reasonably deliver in the time frame provided or delivering more than you promise for one software 

increment and then less than promised for the next). 

 
Principle 2. A complete delivery package should be assembled and tested. A CD-ROM or other 

media (including Web-based downloads) containing all executable software, support data files, 

support documents, and other relevant information should be assembled and thoroughly beta-tested 

with actual users. All installation scripts and other operational features should be thoroughly 

exercised in as many different computing configurations (i.e., hardware, operating systems, peripheral 

devices, networking arrangements) as possible. 

 
Principle 3. A support regime must be established before the software is delivered. An end user 

expects responsiveness and accurate information when a question or problem arises. If support is ad 

hoc, or worse, nonexistent, the customer will become dissatisfied immediately. Support should be 

planned, support materials should be prepared, and appropriate recordkeeping mechanisms should be 

established so that the software team can conduct a categorical assessment of the kinds of support 

requested. 

 
Principle 4. Appropriate instructional materials must be provided to end users. The software 

team delivers more than the software itself. Appropriate training aids (if required) should be 

developed; troubleshooting guidelines should be provided, and when necessary, a “what’s different 

about this software increment” description should be published. 

 
Principle 5. Buggy software should be fixed first, delivered later. Under time pressure, some 

software organizations deliver low-quality increments with a warning to the customer those bugs 

“will be fixed in the next release.” This is a mistake. There’s a saying in the software business: 

“Customers will forget you delivered a high-quality product a few days late, but they will never 

forget the problems that a low-quality product caused them. The software reminds them every day.”. 
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1.1 INTRODUCTION TO SOFTWARE PROJECT MANAGEMENT 

1. Software Project Management is an art & Science of planning & leading software Projects 

from ideas to reality. 

2. A Software Project is the complete procedure of software development from requirement 

gathering to testing and maintenance, carried out according to the execution 

methodologies, in a specified period of time to achieve intended software product 

3. Project management is the discipline of defining and achieving targets while optimizing 

the new resources (time, money, people, materials, energy, space , etc.) over the course of 

a project (a set of activities of finite duration). 

4. Project management involves the planning, monitoring, and control of people, process, and 

events that occur during software development. 

Everyone manages, but the scope of each person’s management activities varies according his or 

her role in the project. 

Software needs to be managed because it is a complex undertaking with a long duration time. 

Managers must focus on the fours P’s to be successful (people, product, process, and project). 

A project plan is a document that defines the four P’s in such a way as to ensure a cost effective, 

high quality software product. 

The only way to be sure that a project plan worked correctly is by observing that a high-quality 

product was delivered on time and under budget. 

 

 

1.2 WHY IS SOFTWARE PROJECT MANAGEMENT IMPORTANT ? 

 Large amounts of money are spent on ICT (information and communication technology) 

e.g. UK government in 2003-04 spent € 2.3 billions on contracts for ICT and only € 1.4 

billion on road building. (1 billion =100 crore). 

 Project often fail – Standish Group claim only a third of ICT projects are successful. 82 % 

were late and 43 % exceeded their budget. Poor project management a major factor in these 

failures. 

 The methodology used by the Standish Group to arrive at their findings has been criticized, 

MODULE 4
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but the general perception of the prevalence of ICT project failure is still clear. 
 

 

 

Software Development Life Cycle: 

The Software Development life cycle is a methodology that also forms the framework for 

planning and controlling the creation, testing, and delivery of an information system. 

The software development life cycle concept acts as the foundation for multiple different 

development and delivery methodologies, such as the Hardware development life -cycle and 

software development life -cycle . While Hardware development life -cycle deal specially with 

hardware and Software development life -cycle deal with software, a systems development life - 

cycle differs from each in that it can deal with any combination of hardware and software , as a 

system can be composed of hardware only , software only, or a combination of both. 

Four Project Dimensions: 

o People 

o Process 

o Product 

o Technology 

 

The 5 Variables of Project Control 

1. Time: amount of time required to complete the project. 

2. Cost: calculated from the time variable 

3. Quality: The amount of time put into individual tasks determines the overall quality of the 

project. 

4. Scope: Requirements specified for the end result. 

5. Risk: Potential points of failure. 

 

Trade -off Triangle 
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The triangle illustrates the relationship between three primart forces in a project. Time is the 

available time to deliver the project. Cost represents the amount of money or resources available 

and quality represents the fit-to-purpose that the project must achieve to be a scuccess. 

The normal situation is that one of thse factors is fixed and the other two will vary in inverse 

proportion to each other. For example , time is often fixed and the quality of the end product will 

depend on the cost and resources available. Similarly if you are working to a fixed level of quality 

then the cost of the project will largely be dependable upon the time available(if you have longer 

you can do it with fewer people). 
 

 

1. Complexity Management 

o Software projects often involve intricate systems and interdependencies. Effective 

management of this complexity ensures that the project remains coherent and 
manageable. 

2. Requirement Management 

o Clear and precise requirement management is essential to ensure that the final 

product meets user needs and expectations. Mismanagement here can lead to scope 
creep and project failure. 

3. Time and Budget Control 

o Monitoring and controlling the project timeline and budget is vital. This includes 

planning, estimating, and adhering to schedules and financial constraints to prevent 
overruns. 

4. Risk Management 

 

            Identifying, assessing, and mitigating risks can prevent unforeseen issues from derailing a  

                                       project. This proactive approach helps in managing uncertainties effectively. 
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5. Quality Assurance 

o Ensuring that the project meets quality standards is crucial for user satisfaction and 
reducing post-release defects. Continuous testing and validation are key practices. 

o  

6. Team Coordination 

o Effective communication and coordination among team members are essential for 

collaboration and timely problem-solving, ensuring that everyone is aligned with 

project goals. 

o  

7. Stakeholder Management 
o Engaging and managing stakeholders helps in gaining their support and addressing 

their concerns, which is critical for project acceptance and success. 

8. Scope Management 

o Defining and controlling what is included in the project prevents scope creep, 
ensures that all necessary features are delivered, and avoids unnecessary work. 

9. Process Improvement 

o Continuously improving processes ensures that the project is using the most 
efficient methods and practices, leading to better performance and outcomes. 

10. Resource Allocation 

o Efficient allocation and management of resources (human, financial, and material) 
ensure that the project has what it needs to succeed without wastage. 

 

Statistics Highlighting the Importance of Efficient Project Management 

 

1. 32% of Projects Fail Due to Poor Management 

o This statistic underscores the critical impact of project management on the overall 

success of software projects. Poor management can lead to project failures, 

highlighting the need for skilled project managers. 

2. 68% of Projects Fail to Meet Deadlines, Budgets, and Quality Targets 

o This indicates that a significant majority of projects struggle with time, budget, and 

quality control. Effective project management practices in these areas can 
significantly improve success rates. 

3. 97% of Businesses Believe Project Management is Essential for Success 

o This near-unanimous belief among businesses highlights the recognized value of 

project management. It underscores that investing in good project management 
practices is seen as crucial for achieving business objectives. 

4. 80% of High-Performing Projects are Led by a Project Manager with Qualifications 

o This shows a clear correlation between the qualifications of the project manager 

and the performance of the project. Qualified project managers bring skills and 

knowledge that drive project success. 

5. On Average, a Large IT Project Runs 45% Over Budget 

o This statistic points to common budget overruns in large IT projects, emphasizing 

the need for rigorous budget control and efficient resource management to prevent 

financial overshooting. 

 

Conclusion 
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Effective software project management is essential due to the inherent complexities and challenges 

of software development. The key areas outlined require diligent attention and management to 

ensure project success. The statistics provided illustrate the high stakes involved and the 

substantial impact that good project management can have on the success rates of software 

projects. By focusing on these areas, businesses can significantly improve their chances of 

delivering successful projects that meet deadlines, stay within budget, and satisfy quality 

standards. 

 

1.3 WHAT IS A PROJECT : 
The definition of a project as being planned assume that to a large extent we can determine 

how we are going to carry out a task before we start. There may be some projects of an 

exploratory nature where this might be quite hard. Planning is in essence thinking carefully 

about something before you do it and even in the case of uncertain projects this is worth doing 

as long as it is accepted that the resulting plans will have provisional and speculative elements. 

Other activities, concerning, for example, to routine maintenance, might have been performed 

so many times that everyone involved knows exactly what needs to be done. In these cases, 

planning hardly seems necessary, although procedures might need to be documented to ensure 

consistency and to help newcomers to the job. 

Dictionary definitions of ‘project’ include: 

 A specific plan or design 

 A planned undertaking 

 A large undertaking e.g. a public works scheme” 

Key points above are planning and size of task 

Here are some definitions of ‘project’. No doubt there are other ones: for example, 

‘Unique process, consisting of a set of coordinated and controlled activities with start and finish 

dates, undertaken to achieve an objective conforming to specific requirements, including 

constraints of time, cost and resources. There is a hazy boundary between the non-routine project 

and the routine job. The first time you do a routine task, it will be like a project. On the other 

hand, a project to develop a system similar to previous ones you have developed will have a large 

element of the routine. 
 

1.3.1 Characteristics of Project: 

 Non-routine tasks are involved 

 Planning is required 

 Specific objectives are to be met or a specified product is to be created 

 The project has a pre-determined time span 

 Work is carried out for someone other than yourself 
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Fig:1.1 Activities most likely to benefit from project management. 

 Work involves several specialism’s 

 Work is carried out in several phases 

 The resources that are available for use on the project are constrained 

 The project is large or complex. 

The project that employs 20 developers is likely to be disproportionately more difficult than one 

with only 20 staff because of the need for additional coordination. 

 

1.3.2 Software Projects versus Other Types of Project: 

 

Many of the techniques of general project management are applicable to software project 

management. One way of perceiving software project management is as the process of making 

visible that which is invisible. 

 

Invisibility: When a physical artifact such as a bridge or road is being constructed the progress 

being made can actually be seen. With software, progress is not immediately visible. 

Complexity: Software products contain more complexity than other engineered artifacts. 

 

Conformity: The ‘traditional’ engineer is usually working with physical systems and physical 

materials like cement and steel. These physical systems can have some complexity, but are 

governed by physical laws that are consistent. Software developers have to conform to the 

requirements of human clients. It is not just that individuals can be inconsistent. 

 

Flexibility: The ease with which software can be changed is usually seen as one of its 

strengths. However, this means that where the software system interfaces with a physical or 

organizational system, it is expected that, where necessary, the software will change to 

accommodate the other components rather than vice versa. This means the software systems 

are likely to be subject to a high degree of change. 
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An example for infrastructure project is construction of a flyover. An example for a software 

project is development of a payroll management system for an organization using Oracle l0g 

and Oracle Forms 10G. 

 

1.4 CONTRACT MANAGEMENT 

 
 ln-house projects are where the users and the developers of new software work for the 

same organization. 

 However, increasingly organizations contract out ICT development to outside 

developers. Here, the client organization will often appoint a 'project manager' to 

supervise the contract who will delegate many technically oriented decisions to the 

contractors. 

 Thus, the project manager will not worry about estimating the effort needed to write 

individual software components as long as the overall project is within budget and on 

time. On the supplier side, there will need to be project managers who deal with the more 

technical issues. 

 

 Contract management is the process of managing the creation, execution, and analysis 

of contracts to maximize operational and financial performance and minimize risk. 

 It involves various activities from the initial request for a contract, through negotiation, 

execution, compliance, and renewal. Effective contract management ensures that all 

parties to a contract fulfill their obligations as efficiently as possible.  

 

Various Stages of Contract Management 

1. Request and Creation: 

 

Request: Identifying the need for a contract and gathering the necessary information to draft it. 
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Creation: Drafting the contract terms and conditions that align with the requirements and 

objectives of all parties involved. 

                   

 Example: A software company needs to hire a third-party developer to work on a new project. 

                    The project manager identifies the need for a contract and gathers details about the scope of work,  

                   timelines, payment terms, and other specifics. 

 

2. Negotiation: 

 

Parties involved discuss and negotiate the terms of the contract to reach a mutual agreement. 

This stage often involves revisions and adjustments. 

 

Example: The software company and the third-party developer negotiate the terms. The 

developer might request more time or a higher payment, while the company might request 

milestones for progress checks. Approval and Execution: 

Approval: Obtaining necessary approvals from stakeholders and legal departments. 

Execution: Signing the contract, making it a legally binding document. 

 

Example: Once the terms are finalized, the contract is reviewed by both parties' legal teams. 

After approval, both the software company and the developer sign the contract. 

 

3. Obligations and Performance: 

 

Ensuring that all parties adhere to the terms and conditions agreed upon in the contract. 

Monitoring performance and compliance. 

 

Example: The developer starts working on the project, adhering to the deadlines and 

deliverables specified in the contract. The software company provides the necessary resources 

and makes payments as per the contract. 

 

4. Modification and Renewal: 

 

Making necessary amendments if any changes occur during the contract period. Reviewing 

and renewing contracts as needed. 

 

Example: Midway through the project, the software company requests additional features not 

covered in the original contract. An amendment is made to include these new features and 

adjust the payment terms accordingly. As the project nears completion, the company and 
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developer may negotiate a renewal for ongoing maintenance. 

 

5. Closure: 

 

Completing all contractual obligations, ensuring all parties have met their requirements, and 

formally closing the contract. 

 

Example: The developer finishes the project, and the software company conducts a final 

review to ensure all deliverables meet the agreed-upon standards. Once confirmed, the 

contract is closed, and a final payment is made.  

 

Benefits of Effective Contract Management 

 

Risk Mitigation: Identifies and manages potential risks early in the contract lifecycle. 

 

Improved Compliance: Ensures that all parties comply with legal and regulatory 

requirements. 

 

Cost Savings: Avoids unnecessary costs and penalties by managing contracts efficiently. 

 

Performance Tracking: Monitors performance against contract terms to ensure objectives 

are met. 

 

Relationship Management: Maintains positive relationships between contracting parties 

through clear and consistent communication. 

 

Speed to Market: Accelerates project timelines by leveraging the vendor’s expertise and 

resources. 

 

COMPANY: XYZ Tech 

 

1. Identifying Needs: XYZ Tech identifies a need for a mobile app to complement its 

existing software suite. 

 

2. Selecting a Vendor: XYZ Tech shortlists several development firms based in India, 

known for their expertise in mobile app development. 

 

3. Defining Requirements: XYZ Tech provides detailed specifications, including desired 
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features, user interface design, and performance metrics. 

 

4. Contract Negotiation: XYZ Tech negotiates terms, focusing on deliverables, timelines, 

and confidentiality clauses. 

 

5. Project Management: XYZ Tech assigns a project manager to liaise with the vendor, 

ensuring regular updates and adherence to milestones.  

6. Delivery and Integration: The vendor delivers the app, which is integrated with XYZ 

Tech’s software suite after thorough testing. 

 

7. Post-Delivery Support: The vendor provides ongoing maintenance and support, 

addressing any post-launch issues. By following these steps and learning from real-world 

examples, software companies can effectively outsource projects to thirdparty vendors, 

ensuring successful project completion and maximizing business value. 
 

 

1.5 ACTIVITIES COVERED BY SOFTWARE PROJECT MANAGEMENT: 

 
The activities covered by Software Project management are diagrammatically illustrated as 

follows: 
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1.5.1 The Feasibility Study: 

This is an investigation into whether a prospective project is worth starting that it has a 

valid business case. Information is gathered about the requirements of the proposed application. 

The probable developmental and operational costs, along with the value of the benefits of the new 

system, are estimated. The study could be part of a strategic planning exercise examining and 

prioritizing a range of potential software developments.  

 

1.5.2 Planning: 

If the feasibility study produces results which indicate that the prospective project appears 

viable, planning of the project can take place. However, for a large project, we would not do all 

our detailed planning right at the beginning. We would formulate an outline plan for the whole 

project and a detailed one for the first stage. More detailed planning of the later stages would be 

done as they approached. This is because we would have more detailed and accurate information 

upon which to base our plans nearer to the start of the later stages. 

 

1.5.3 Project Execution: 

The project can now be executed. The execution of a project often contains design and 

implementation subphases. The same is illustrated in Figure 1.2 which shows the typical 

sequence of software development activities recommended in the international standard ISO 

12207. 

 

1.5.3.1 Requirements Analysis: 

This starts with requirement elicitation or requirement gathering which establishes what 

the users require of the system that the project is to implement. Some work along these lines will 

almost certainly have been carried out when the project was evaluated, but now the original 

information obtained needs to be updated and supplemented.   
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1.5.3.2 Specification: 

Detailed documentation of what the proposed system is to do. 

 

1.5.3.3 Design: 

A design has to be drawn up which meets the specification. This design will be in two 

stages. One will be the external or user design concerned with the external appearance of the 

application. The other produces the physical design which tackles the way that the data and 

software procedures are to be structured internally. 

 Architecture Design: This maps the requirements to the components of the system that is 

to be built. At the system level, decisions will need to be made about which processes in 

the new system will be carried out by the user and which can be computerized. This design 

of the system architecture thus forms an input to the development of the software 

requirements. A second architecture design process then takes place which maps the 

software requirements to software components. 

1.5.3.4 Detailed Design:  

  Each software component is made up of a number of software units that can be  

separately coded and tested. The detailed design of these units is carried out separately.  

Coding:This may refer to writing code in a procedural language or an object-oriented language or 

could refer to the use of an application-builder. Even where software is not being built from scratch, 

some modification to the base package could be required to meet the needs of the new application. 

 

1.5.3.5 Testing(Verification and Validation): 

Whether software is developed specially for the current application or not, careful testing 

will be needed to check that the proposed system meets its requirements. 

 

Integration: The individual components are collected together and tested to see if they meet 

the overall requirements. Integration could be at the level of software where different software 

components are combined, or at the level of the system as a whole where the software and 

other components of the system such as the hardware platforms and networks and the user 

procedures are brought together. 

 

Qualification Testing: The system, including the software components, has to be tested 

carefully to ensure that all the requirements have been fulfilled. 

 

1.5.3.6 Implementation/ Installation: 

Some system development practitioners refer to the whole of the project after design as 

‘implementation’ (that is, the implementation of the design) while others insist that the term 
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refers to the installation of the system after the software has been developed. 

 

1.5.3.7 Acceptance Support: 

Once the system has been implemented there is a continuing need for the correction of any 

errors that may have crept into the system and for extensions and improvements to the system. 

Maintenance and support activities may be seen as a series of minor software projects. 

 

1.6 PLANS, METHODS AND METHODOLOGIES 

 
A plan for an activity must be based on some idea of a method of work. To take a simple 

example, if you were asked to test some software, even though you do not know anything about 

the software to be tested, you could assume that you would need to: 

 Analyze the requirements for the software 

 Devise and write test cases that will check that each requirement has been satisfied 

 Create test scripts and expected results for each test case 

 Compare the actual results and the expected results and identify discrepancies 

While a method relates to a type of activity in general, a plan takes that method (and perhaps 

others) and converts it to real activities, identifying for each activity: 

 Its start and end dates 

 Who will carry it out? 

 What tools and materials will be used? 

 

‘Materials’ in this context could include information, for example a requirements document. With 

complex procedures, several methods may be deployed, in sequence or in parallel. The output from 

one method might be the input to another. Groups of methods or techniques are often referred to 

as methodologies. 
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1.7 SOME WAYS OF CATEGORIZING SOFTWARE PROJECTS 

 
Distinguishing different types of projects is important as different types of tasks need different 

project approaches e.g. 

 

 Changes to the characteristics of software projects 

 Voluntary systems (such as computer games) versus compulsory systems e.g. the 

order processing system in an organization 

 Information systems versus embedded systems. 

 Software Products verses services 

 Product-development versus outsourced. 

 Object-driven development.      

   

1.7.1 Changes to the characteristics of software projects 

 Over the last few decades, the characteristics of software projects have undergone 

drastic changes. In earlier days of software development every software was being 

written from scratch and there was no code reusability. In contrast, at present almost 

every programming language supports ways of reusing existing code, by customizing 

and extending existing code, efficiently and dynamically linking library routines and 

support for frameworks. 

 Project durations have now shrunk to only a few months compared to multi-year 

projects. 

 In past, customer participation in software projects was largely restricted to only initial 

interactions, gathering and specification and taking delivery of the developed 

software, but at present, customer participation in almost every aspect of a project.  

 

1.7.2 Compulsory versus voluntary users 

 

In workplaces there are systems that staff have to use if they want to do something, such 

as recording a sale. However, use of a system is increasingly voluntary, as in the case of 

computer games. Here it is difficult to elicit precise requirements from potential users as we 

could with a business system. What the game will do will thus depend much on the informed 

ingenuity of the developers, along with techniques such as market surveys, focus groups and 

prototype evaluation. 

 

1.7.3 Information Systems versus Embedded systems 
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A traditional distinction has been between information systems which enable staff to carry 

out office processes and embedded systems which control machines. A stock control system 

would be an information system. An embedded, or process control, system might control the air 

conditioning equipment in a building. Some systems may have elements of both where, for 

example, the stock control system also controls an automated warehouse. 

 

1.7.4 Software Products verses services 

 

All types of software projects can broadly be classified into software product development 

projects and software services projects. It can be further classified as shown in below Fig.1.7 

A software product development concerns developing the software by keeping the 

requirements to the general customers in mind and developed software is usually sold-off-the 

helf to a large number of customers. Examples of generic software development are 

Microsoft’s Windows operating system and Oracle Corporatism’s Oracle 8i database 

management software. Domain-specific software targets specific segments of 

customers(verticals) Example BANCS from TCS. FINACLE from Infosys. 

 

 

Fig: 1.7 A Classification of software projects 

 

Software services cover a large gamut of software projects such as customization, 

outsourcing, maintenance, testing and consultancy. 
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Projects may be distinguished by whether their aim is to produce a product or to meet certain 

objectives. 

 

1.7.5 Outsourced Projects 

While developing a large project, it makes good commercial sense for a company to outsource 

some parts of its work to other companies. 

For example, A company may consider outsourcing as a good option, it if feels that it does 

not have sufficient expertise to develop some specific parts of the product or if it determines 

that some parts can be developed cost-effectively another company. 

 

1.7.6 Object-driven development 

Projects may be distinguished by whether their aim is to produce or to meet certain objective. 

any software projects have two stages, First is an object-driven project resulting in 

recommendations which identify the need for a new software system and next stage is a 

project actually to create the software product. 

 

1.8 STAKEHOLDERS 

 

These are people who have a stake or interest in the project. It is important that they be 

identified as early as possible, because you need to set up adequate communication channels with 

them right from the start. The project leader also has to be aware that not everybody who is 

involved with a project has the same motivation and objectives. The end-users might, for instance, 

be concerned about the ease of use of the system while their managers might be interested in the 

staff savings the new system will allow. 

 

Boehm and Ross proposed a ‘Theory W’ of software project management where the 

manager concentrates on creating the role and format situations where all parties benefit from a 

project and therefore have an of communication interest in its success. (The 'W' stands for 'win- 

win'.) 

 

Stakeholders might be internal to the project team, external to the project team but in the 

same organization, or totally external to the organization. 

 

 Internal to the project team: This means that they will be under the direct managerial 

control of the project leader. 

  External to the project team but within the same organization: For example, the project 

leader might need the assistance of the information management group in order to add 

some additional data types to a database or the assistance of the users to carry out systems 

testing. Here the commitment of the people involved has to be negotiated. 
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  External to both the project team and the organization: External stakeholders may be 

customers (or users) who will benefit from the system that the project implements or 

contractors who will carry out work for the project. One feature of the relationship with 

these people is that it is likely to be based on a legally binding contract. 

 

Different types of Stakeholders may have different objectives and one of the jobs of the 

successful project leader is to recognize these different interests and to be able to reconcile them. 

It should therefore come as no surprise that the project leader needs to be a good communicator 

and negotiator. 

1.9 SETTING OBJECTIVES 

 
 The objectives should define what the project team must achieve for project success. 

 Objectives focus on the desired outcomes of the project rather than the tasks within it-they 

are the ‘post-conditions’ of the project. 

 Objectives could be set of statements following the opening words ‘the project will be a 

success if ….’ . 

 To have a successful software project, the manager and the project team members must 

know what will constitute success. This will make them concentrate on what is essential 

to project success. 

 There may be several sets of users of a system and there may be several different groups 

of specialists involved its development. There is a need for well-defined objectives that 

are accepted by all these people. Where there is more than one user group, a project  

authority needs to be identified which has overall authority over what the project is to 

achieve. 

 This authority is often held by a project steering committee (or project board or project 

management board) which has overall responsibility for setting, monitoring and 

modifying objectives. The project manager still has responsibility for running the project 

on a day-to-day basis, but has to report to the steering committee at regular intervals. Only 

the steering committee can authorize changes to the project objectives and resources. 

 

1.9.1 Sub-objectives and Goals: 

 

Setting objectives can guide and motivate individuals and groups of staff. An effective 

objective for an individual must be something that is within the control of that individual. An 

objective might be that the software application to be produced must pay for itself by reducing 

staff costs over two years. As an overall business objective this might be reasonable. For software 

developers it would be unreasonable as, though they can control development costs, any reduction 
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in operational staff costs depends not just on them but on the operational management after the 

application has ‘gone live’. What would be appropriate would be to set a goal or sub-objective 

for the software developers to keep development costs within a certain budget. 

 

Thus, objectives will need be broken down into goals or sub-objectives. Here we say that 

in order to achieve the objective we must achieve certain goals first. These goals are steps on the 

way to achieving an objective, just as goals scored in a football match are steps towards the 

objective of winning the match. 
 

The mnemonic SMART is sometimes used to describe well defined objectives: 

 

 Specific: Effective objectives are concrete and well defined. Vague aspirations such as 

‘to improve customer relations’ are unsatisfactory. Objectives should be defined in such 

a way that it is obvious to all whether the project has been successful or not. 

 

 Measurable: Ideally there should be measures of effectiveness which tell us how 

successful the project has been. For example, ‘to reduce customer complaints’ would be 

more satisfactory as an objective than ‘to improve customer relations’. The measure can, 

in some cases, be an answer to simple yes/no questions, e.g. ‘Can we install the new 

software by 1 November 2011?’ 

 

  Achievable: It must be within the power of the individual or group to achieve the 

objective. 

 Relevant: The objective must be relevant to the true purpose of the project. 

  Time constrained: There should be a defined point in time by which the objective 

should have been achieved. 

 

1.9.2 Measures of effectiveness 

 

Measures of effectiveness provide practical methods of ascertaining whether an objective 

has been met. ‘Mean time between failures’ (mtbf) is used to measure reliability. A measure 

of effectiveness will usually be related to the installed operational system. 

 

 

1.10 BUSINESS CASE 

 
 Most projects need to have a justification or business case: the effort and expense of 

pushing the project through must be seen to be worthwhile in terms of the benefits that 

will eventually be felt. 

 The quantification of benefits will often require the formulation of a business model which 
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explains how the new application can generate the claimed benefits. 

Any project plan must ensure that the business case is kept intact. For example: 

 

 The development costs are not allowed to rise to a level which threatens to exceed the 

value of benefits. 

 The features of the system are not reduced to a level where the expected benefits cannot 

be realized. 

 

 The delivery date is not delayed so that there is an unacceptable loss benefit. 

 

1.11 PROJECT SUCCESS AND FAILURE 

 
 The project plan should be designed to ensure project success preserving the business 

case for the project. 

 Different stakeholders have different interests, some stakeholders in a project might see 

it as a success while others do not. 

 

 The project objectives are the targets that the project team is expected to achieve—They 

are summarized as delivering: 

 The agreed functionality 
 To the required level of quality 

 In time 

 Within budget 

 A project could meet these targets but the application, once delivered could fail to meet 

the business case. A computer game could be delivered on time and within budget, but 

might then not sell. 

 In business terms, the project is a success if the value of benefits exceeds the costs. 

 A project can be a success on delivery but then be a business failure, On the other hand, 

a project could be late and over budget, but its deliverables could still, over time, generate 

benefits that outweigh the initial expenditure. 

 The possible gap between project and business concerns can be reduced by having a 

broader view of projects that includes business issues. 

 Technical learning will increase costs on the earlier projects, but later projects benefit 

as the learnt technologies can be deployed more quickly cheaply and accurately. 

 Customer relationships can also be built up over a number of projects. If a client has 

trust in a supplier who has done satisfactory work in the past, they are more likely to use 

that company again. 
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1.12 MANAGEMENT AND MANAGEMENT CONTROL 

 
1.12.1 MANAGEMENT: 

Management involves following activities: 

 Planning - deciding what is to be done; 
 

 Organizing - making arrangements; 

 Staffing - selecting the right people for the job etc.; 

 Directing - giving instructions; 

 Monitoring - checking on progress; 

 Controlling - taking action to remedy hold-ups; 

 Innovating - coming up with new solutions; 

 Representing - liaising with clients, users, developer, suppliers and other 

stakeholders. 

 

 

Much of the project manager’s time is spent only in three activities , i.e. Project Planning , 

Monitoring and control. This time period during which these activities are carried out is indicated 

in Fig 1.5. 

It shows that project management is carried out over three well-defined stages or processes 

irrespective of the methodology used. 

In the Project initiation stage, an initial plan is made. As a project starts, the project is 

monitored and controlled to process as planned. Initial plan is revised periodically to 

accommodate additional details and constraints about the project as they become available. 

Finally, the project is closed. 

Initial project is undertaken immediately after the feasibility study phase and before starting the 
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requirement analysis and specification process. 

Initial project planning involves estimating several characteristics of a project. Based on these 

estimates all subsequent project activities are planned. 

The monitoring activity involves monitoring the progress of the project. Control activities are 

initiated to minimize any significant variation in the plan, 

Project Planning is an important responsibility of the project Manager. During project planning, 

the project manger needs to perform a few well-defined activities that have been outlined below/ 

Several best practices have been proposed for software project planning activities, PRINCE2 is 

used extensively in UK and Europe . In USA Project management Institute’s ‘PMBOK’ which 

refers to their publication “A Gude to the Project Management Body of knowledge, is used. 

 Estimation: The following project attributes are estimated. 

 Cost: How much is it going to cost to complete the project. 

 Duration: How long is it going to take to complete the project. 

 Effort: How much effort would be necessary for completing the project? 

The effectiveness of all activities such as scheduling and staffing are planned at later stage. 

 Scheduling: Based on estimations of effort and duration, the schedules for manpower 

and other resources are developed. 

 Staffing: Staff organization and staffing plans are made. 

 Risk Management: This activity includes risk identification, analysis, and abatement 

planning. 

 Miscellaneous Plans: This includes making several other plans such as quality 

assurance plan, configuration management plan etc. 

While carrying out project monitoring and control activities, a project manager may sometimes 

find it necessary to change the plan to cope with specific situations and make the plan more 

accurate as more project data becomes available. 

1.12.2 MANAGEMENT CONTROL 

 

Management involves setting objectives for a system and monitoring the performance of 

the system. 
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Fig: The Project control cycle 

 

 In the above Fig, local mangers involve in data collection. Bare details such as “location X has 

processed 2000 documents” may not be useful to higher management. 

 Data processing is required to transform this raw data into useful information. This might be 

in such forms as “Percentage of records Processed”, average documents per day per person”, 

and estimated completion date”. 

 In this example , the project management might examine the “estimated completion date” for 

completing data transfer for each branch. They are comparing actual performance with overall 

project objectives. 

 They might find that one or two branches will fail to complete the transfer of details in time. 

 It can be seen that a project plan is dynamic and will need constant adjustment during the 

execution of the project. A good plan provides a foundation for a good project, but is nothing 

without intelligent execution. 

1.13 PROJECT MANAGEMENT LIFE CYCLE 

Software development life cycle denotes (SDLC) the stages through which a software is 

developed. In contrast to SDLC, the project management life cycle typically starts well before the 

software development activities start and continues for the entire duration of SDLC. (Fig 1.7)  

In Project Management process, the project manager carries out project initiation, planning, 

execution, monitoring, controlling and closing. 
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The different phases of the project management life cycle are shown in Fig: 1.8. 
 

1. Project Initiation: The project initiation phase starts with project concept development. 

During concept development the different characteristics of the software to be developed 

are thoroughly understood, which includes, the scope of the project, the project constraints, 

the cost that would be incurred and the benefits that would accrue. Based on this 

understanding, a feasibility study is undertaken to determine the project would be 

financially and technically feasible. 

Based on feasibility study, the business case is developed. Once the top management 

agrees to the business case, the project manager is appointed, the project charter is 

written and finally project team is formed. This sets the ground for the manager to start 

the project planning phase. 

   2.     W5HH Principle: Barry Boehm, summarized the questions that need to be asked and 

           answered in order to have an understanding of these project characteristics. 

 Why is the software being built? 

 What will be done? 

 When will it be done? 

 Who is responsible for a function? 
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 Where are they organizationally located? 

 How will the job be done technically and managerially? 

 How much of these each resource is needed. 

 

3.  Project Bidding: Once the top management is convinced by the business case, the project 

charter is developed. For some categories of projects, it may be necessary to have formal 

bidding process to select suitable vendor based on some cost-performance criteria. The 

different types of bidding techniques are: 

 

 Request for quotation(RFQ) : An organization advertises an RFQ if it has good 

understanding of the project and the possible solutions. 

 Request for Proposal(RFP) : An organization had reasonable understanding of 

the problem to be solved, however, it does not have good grasp of the solution 

aspects. i.e. may not have sufficient knowledge about different features to be 

implemented. The purpose of RFP is to get an understanding of the alternative 

solutions possible that can be deployed and not vendor selection. Based on the RFP 

process, the requesting organization can form a clear idea of the project solutions 

required, based on which it can form a statement work (SOW) for requesting RFQ 

for the vendors. 

 Request for Information (RFI): An organization soliciting bids may publish an 

RFI. Based on the vendor response to the RFI, the organization can assess the 

competencies of the vendors and shortlist the vendors who can bid for the work. 

 

4.  Project Planning: An importance of the project initiation phase is the project charter. 

During the project planning the project manger carries out several processes and creates the 

following documents: 

 Project plan: This document identifies the project the project tasks and a schedule 

for the project tasks that assigns project resources and time frames to the tasks. 

 Resource Plan: It lists the resources , manpower and equipment that would be 

required to execute the project. 

 Functional Plan: It documents the plan for manpower, equipment and other costs. 

 Quality Plan: Plan of quality targets and control plans are included in this 

document. 

 Risk Plan: This document lists the identification of the potential risks, their 

prioritization and a plan for the actions that would be taken to contain the different 

risks. 
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5.   Project Execution: In this phase the tasks are executed as per the project plan developed 

during the planning phase. Quality of the deliverables is ensured through execution of proper  

processes. Once all the deliverables are produced and accepted by the customer, the project 

execution phase completes and the project closure phase starts. 

 

                     6.   Project Closure: Project closure involves completing the release of all the required  

                        deliverables to the customer along with the necessary documentation. All the Project  

                        resources are released and supply agreements with the vendors are terminated and all the  

                        pending payments are completed. Finally, a postimplementation review is undertaken to  

                        analyze the project performance and to list the lessons for use in future projects.  

 

1.14 TRADITIONAL VERSUS MODERN MANAGEMENT PRACTICES 

Over the last two decades, the basic approach taken by the software industry to develop software 

has undergone a radical change. 

Software is not developed from scratch any more, Software development projects are based on 

either tailoring some existing product or reusing certain pre-built libraries both will maximize 

code reuse and compression of project durations. 

Other goals include facilitating and accommodating client feedback and client feedbacks and 

customer participation in project development work and incremental delivery of the product 

with evolving functionality. 

Some Important difference between modern management practices and traditional practices are: 

 Planning Incremental Delivery: Earlier, projects were simpler and therefore more 

predictable than the present-day projects. In those days, projects were planned with 

sufficient detail much before the actual project execution started. After the project 

initiation, monitoring and control activities were carried out to ensure that the project 

execution proceeded as per plan, Now, the projects are required to be completed over a 

much shorter duration, and rapid application development and deployment are considered 

key strategies. 

Instead of making a long-term project completion plan, the project manger now plans all 

incremental deliveries with evolving functionalities. This type of project management is 

often called extreme project management. Extreme project management is highly 

flexible approach that concentrates on human side of project management(e.g. managing 

project stakeholders). 

 

 Quality Management: Customer awareness about product quality has increased 
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significantly. The key responsibility of a project manager now includes assessment of 

project progress and tracking the quality of all intermediate artifacts. 

 

 Change Management: Earlier, when the requirements were signed off by the customer, 

any changes to the requirements were rarely entertained. Customer suggestions are now 

actively solicited and incorporated throughout the development process. To facilitate 

customer feedback, incremental delivery models are popularly being used. Product 

development is being carried out through a series of product versions implementing 

increasingly greater functionalities. The Project manager plays a key role in product base 

lining and version control. This has made change management a crucial responsibility of 

the project manager. Change Management is also known as configuration management. 

 

 Requirement Management: In older development methodologies , the requirements had 

to be identified upfront and these were ‘signed off’ by the customer and frozen before the 

development could start. At present , in most projects, the requirements change frequently 

during the development cycle. Requirement management has therefore become a 

systematic process of controlling changes, documenting , analyzing, tracing, prioritizing 

requirements and then communicating the changes to the relevant stakeholders. 

 

 Release Management: Release management concerns planning, prioritizing and 

controlling the different releases of a software. Modern development processes such as 

Agile development processes advocate frequent and regular releases of the software to be 

made to the customer during the software development. Starting with the release of basic 

or core functionalities of the software, more complete functionalities are made available to 

the customer every couple of weeks . Hence effective Release Management has become 

important. 

 

 Risk Management: In modern software development practices. Effective risk 

management is considered very important to the success of a project. A risk is any negative 

situation that may arise as the project progresses and may threaten the success of the 

 

project. Risk Management involves identification of risks, assessment of the impacts of 

various risks, prioritization of the risks and preparation of risk-containment plans. 

 

 Scope Management: Modern software development encourages customer to come up with 

change requests. While accepting the requests, three critical project parameters: scope , 

schedule and project cost are interdependent and related. 
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                                                 MODULE 5 

SOFTWARE QUALITY and SOFTWARE PROJECT ESTIMATION 

 

INTRODUCTION 

Quality: 

 Quality is generally agreed to be ‘a good thing’.

 In a practice what people really mean by the ‘quality’ of a system can be vague, undefined 

attribute.

 We need to define precisely what qualities we require of a system.

Objective assessment: 

 We need to judge objectively whether a system meets our quality requirements and this need 

measurement.

 Critical for package selection, e.g., Brigette at Brightmouth College.

Now days, delivering a high-quality product is one of the major objectives of all organizations. 

Traditionally, the quality of a product means that how much it gets fit into its specified purpose. A product 

is of good quality if it performs according to the user’s requirements. Good quality software should meet 

all objectives defined in the SRS document. It is the responsibility of the quality managers to ensure that 

the software attains a required level of quality. 

Waiting until the system is complete to measure quality is too late. 

During development, it's important to: 

 Assess the likely quality of the final system.

 Ensure development methods will produce the desired quality. 

Potential customers, like Amanda at IOE, might focus on:

 Checking if suppliers use the best development methods.

 Ensuring these methods will lead to the required quality in the final system.

THE PLACE OF SOFTWARE QUALITY IN PROJECT PLANNING 

Quality will be of concern at all stages of project planning and execution, but will be particular interest 

at Stepwise framework. 
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Step 1 : Identifying project scope and objectives Some objective could relate to the quality of the 

application to be delivered. 

Step 2 : Identifying project infrastructure Within this step activity 2.2 involves identifying installation 

standards and procedures. Some of these will almost certainly be about quality requirements. 

Step 3 : Analyze project characteristics. In this activity the application to be implemented will be 

examined to see if it has any special quality requirements. 

Example: Safety-critical applications might require additional activities such as n-version 

development, where multiple teams develop versions of the same software to cross-check outputs. 

Step 4: Identify the product and activities of the project. It is at that point the entry, exit and process 

requirement are identified for each activity. 

Step 8: Review and publicize plan. At this stage the overall quality aspects of the project plan are 

reviewed. 
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THE IMPORTANCE OF SOFTWARE QUALITY 

Now a days, quality is the important aspect of all organization. Good quality software is the 

requirement of all users. There are so many reasons that describe why the quality of software is important; 

few among of those which are most important are described below: 

Increasingly criticality of software: 

 The final customer or user is naturally anxious about the general quality of software especially 

about the reliability.

 They are concern about the safety because of their dependency on the software system such as 

aircraft control system are more safety critical systems.

Earlier detection of errors during development- 

 As software is developed through a number of phases; output of one phase is given as input to the 

other one. So, if error in the initial phase is not found, then at the later stage, it is difficult to fix 

that error and also the cost indulged is more.

The intangibility of software: 

 Difficulty in verifying the satisfactory completion of project tasks.

 Tangibility is achieved by requiring developers to produce "deliverables" that can be examined 

for quality.

Accumulating errors during software development: 

 Errors in earlier steps can propagate and accumulate in later steps.

 Errors found later in the project are more expensive to fix.

 The unknown number of errors makes the debugging phase difficult to control.

DEFINING SOFTWARE QUALITY 

Quality is a rather vague term and we need to define carefully what we mean by it. For any software 

system there should be three specifications. 

 A functional specification describing what the system is to do 

 A quality specification concerned with how well the function are to operate 

 A resource specification concerned with how much is to be spent on the system. 

Attempt to identify specific product qualities that are appropriate to software, for instance, grouped 

software qualities into three sets. Product operation qualities, Product revision qualities and product 

transition qualities. 



SOFTWARE PROJECT MANAGEMENT (BCS501) 
 

4  

Product operation qualities: 

Correctness: The extent to which a program satisfies its specification and fulfil user objective. 

Reliability: the extent to which a program can be expected to perform its intended function with required 

precision. 

Efficiency: The amounts of computer resource required by software. 

Integrity: The extent to which access to software or data by unauthorized persons can be controlled. 

Usability: The effort required to learn, operate, prepare input and interprets output. 

Product Revision Qualities: 

Maintainability: The effort required to locate and fix an error in an operational program 

Testability: The effort required to test a program to ensure it performs its intended function. 

Flexibility: The effort required to modify an operational program. 

Product Transition Qualities: 

Portability: The efforts require to transfer a program from one hardware configuration and or software 

system environment to another. 

Reusability: The extent to which a program can be used in other applications. 

Interoperability: The efforts required to couple one system to another. 

When there is concerned about the need for a specific quality characteristic in a software product then a 

quality specification with the following minimum details should be drafted. 

1. Definition/Description 

Definition: Clear definition of the quality characteristic. 

Description: Detailed description of what the quality characteristic entails. 

 
2. Scale o Unit of Measurement: 

The unit used to measure the quality characteristic (e.g., faults per thousand lines of code). 

 
3. Test 

Practical Test: The method or process used to test the extent to which the quality attribute exists. 
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4. Minimally Acceptable 

Worst Acceptable Value: The lowest acceptable value, below which the product would be 

rejected. 

 
5. Target Range 

Planned Range: The range of values within which it is planned that the quality measurement 

value should lie. 

 
6. Current Value 

Now: The value that applies currently to the quality characteristic. 

Measurements Applicable to Quality Characteristics in Software 

When assessing quality characteristics in software, multiple measurements may be applicable. For 

example, in the case of reliability, measurements could include: 

1. Availability: 

Definition: Percentage of a particular time interval that a system is usable. 

Scale: Percentage (%). 

Test: Measure the system's uptime versus downtime over a specified period. 

Minimally Acceptable: Typically, high availability is desirable; specifics depend on system 

requirements. 

Target Range: E.g., 99.9% uptime. 

 
2. Mean Time Between Failures (MTBF): 

Definition: Total service time divided by the number of failures. 

Scale: Time (e.g., hours, days). 

Test: Calculate the average time elapsed between system failures. 

Minimally Acceptable: Longer MTBF indicates higher reliability; minimum varies by system 

criticality. 

Target Range: E.g., MTBF of 10,000 hours. 

 
3. Failure on Demand: 

Definition: Probability that a system will not be available when required, or probability that a 

transaction will fail. 

Scale: Probability (0 to 1). 

Test: Evaluate the system's response to demand or transaction processing. 

Minimally Acceptable: Lower probability of failure is desired; varies by system criticality. 

Target Range: E.g., Failure on demand probability of less than 0.01. 
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4. Support Activity: 

Definition: Number of fault reports generated and processed. 

Scale: Count (number of reports). 

Test: Track and analyze the volume and resolution time of fault reports. 

Minimally Acceptable: Lower number of fault reports indicates better reliability. 

Target Range: E.g., Less than 10 fault reports per month. 

Maintainability and Related Qualities: 

 Maintainability: How quickly a fault can be corrected once detected. 

 Changeability: Ease with which software can be modified. 

 Analyzability: Ease with which causes of failure can be identified, contributing to 

maintainability. These measurements help quantify and assess the reliability and maintainability 

of software systems, ensuring they meet desired quality standards. 

SOFTWARE QUALITY MODELS 

It is hard to directly measure the quality of a software. However, it can be expressed in terms of several 

attributes of a software that can be directly measured. 

The quality models give a characterization (hierarchical) of software quality in terms of a set of 

characteristics of the software. The bottom level of the hierarchical can be directly measured, thereby 

enabling a quantitative assessment of the quality of the software. 

There are several well-established quality models. 

1. McCall’s model. 

2. Dromey’s Model. 

3. Boehm’s Model. 

4. ISO 9126 Model. 

Garvin’s Quality Dimensions: David Gravin , a professor of Harvard Business school, defined the 

quality of any product in terms of eight general attributes of the product. 

 Performance: How well if performs the jobs. 

 Features: How well it supports the required features. 

 Reliability: Probability of a product working satisfactorily within a specified period of time. 

 Conformance: Degree to which the product meets the requirements. 

 Durability: Measure of the product life. 

 Serviceability: Speed and effectiveness maintenance. 

 Aesthetics: The look and feel of the product. 

 Perceived quality: User’s opinion about the product quality. 
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1) McCall’ Model: McCall defined the quality of a software in terms of three broad parameters: its 

operational characteristics, how easy it is to fix defects and how easy it is to part it to different 

platforms. These three high-level quality attributes are defined based on the following eleven 

attributes of the software: 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Correctness: The extent to which a software product satisfies its specifications. 

Reliability: The probability of the software product working satisfactorily over a given 

duration. 

Efficiency: The amount of computing resources required to perform the required functions. 

Integrity: The extent to which the data of the software product remain valid. 

Usability: The effort required to operate the software product. 

Maintainability: The ease with which it is possible to locate and fix bugs in the software 

product. 

Flexibility: The effort required to adapt the software product to changing requirements. 

Testability: The effort required to test a software product to ensure that it performs its intended 

function. 

Portability: The effort required to transfer the software product from one hardware or software 

system environment to another. 

Reusability: The extent to which a software can be reused in other applications. 

Interoperability: The effort required to integrate the software with other software. 

 
2) Dromey’s model: Dromey proposed that software product quality depends on four major high-level 

properties of the software: Correctness, internal characteristics, contextual characteristics and certain 

descriptive properties. Each of these high-level properties of a software product, in turn depends on 

several lower-level quality attributes. Dromey’s hierarchical quality model is shown in Fig 13.2 
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3)  Boehm’s Model: Boehm’s suggested that the quality of a software can be defined based on these 

high-level characteristics that are important for the users of the software. These three high-level 

characteristics are the following: 

As-is -utility: How well (easily, reliably and efficiently) can it be used? 

Maintainability: How easy is to understand, modify and then retest the software? 

Portability: How difficult would it be to make the software in a changed environment? 

 
Boehm’s expressed these high-level product quality attributes in terms of several measurable 

product attributes. Boehm’s hierarchical quality model is shown in Fig 13.3. 
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ISO 9126 

 ISO 9126 standards was first introduced in 1991 to tackle the question of the definition of software 

quality. The original 13-page document was designed as a foundation upon which further more 

detailed standard could be built. ISO9126 documents are now very lengthy. 

Motivation might be- 

 Acquires who are obtaining software from external suppliers 

 Developers who are building a software product 

 Independent evaluators who are accessing the quality of a software product, not for themselves 

but for a community of user. 

 
 ISO 9126 also introduces another type of elements – quality in use- for which following element has 

been identified 

 Effectiveness : the ability to achieve user goals with accuracy and completeness; 

 Productivity : avoiding the excessive use of resources, such as staff effort, in achieving user 

goals; 

 Safety: within reasonable levels of risk of harm to people and other entities such as business, 

software, property and the environment 

 Satisfaction: smiling users 

ISO 9126 is a significant standard in defining software quality attributes and providing a 

framework for assessing them. Here are the key aspects and characteristics defined by ISO 9126: 

ISO 9126 identifies six major external software quality characteristics: 

1. Functionality: 

                              Definition: The functions that a software product provides to satisfy user needs. 

Sub-characteristics: Suitability, accuracy, interoperability, security, compliance. 
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‘Functionality Compliance’ refers to the degree to which the software adheres to application-related 

standard or legal requirements. Typically, these could be auditing requirement. ‘Interoperability’ refers 

to the ability of software to interact with others. 

 

2. Reliability: 

Definition: The capability of the software to maintain its level of performance under stated 

conditions. 

Sub-characteristics: Maturity, fault tolerance, recoverability. 

 

 

                   

 

 

 

 

Maturity refers to frequency of failures due to fault in software more identification of fault more changes 

to remove them. Recoverability describes the control of access to a system. 

 

3. Usability: 

Definition: The effort needed to use the software. 

Sub-characteristics: Understandability, learnability, operability, attractiveness. 

 

 

 

 

 

 

 

 

 

 
Understand ability is a clear quality to grasp. Although the definition attributes that bear on the user 

efforts for recognizing the logical concept and its applicability in our actually makes it less clear. 

Learnability has been distinguished from operability. A software tool might be easy to learn but time 

consuming to use say it uses a large number of nested menus. This is for a package that is used only 

intermittently but not where the system is used or several hours each day by the end user. In this case 

learnability has been incorporated at the expense of operability 
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4. Efficiency: 

Definition: The ability to use resources in relation to the amount of work done. 

Sub-characteristics: Time behavior, resource utilization. 

 
5. Maintainability: 

Definition: The effort needed to make changes to the software. 

Sub-characteristics: Analyzability, modifiability, testability. 

 

       

 

 

 

 

 

 

 
Analyzability is the quality that McCall called diagnose ability, the ease with which the cause of failure 

can be determined. Changeability is the quality that others call flexibility: the latter name implies 

suppliers of the software are always changing it. Stability means that there is a low risk of a modification 

to software having unexpected effects. 

 

 
6. Portability: 

Definition: The ability of the software to be transferred from one environment to another. \ 

Sub-characteristics: Adaptability, install ability, co-existence. 

 

 

 

 

 

 

 

 

 

 
Portability compliance relates to those standards that have a bearing on portability. Replaceability refers 

to the factors that give upward compatibility between old software components and the new ones. 

'Coexistence' refers to the ability of the software to share resources with other software components; 

unlike' interoperability', no direct data passing is necessarily involved 
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ISO 9126 provides guidelines for the use of the quality characteristics. 

ISO 9126 provides structured guidelines for assessing and managing software quality characteristics 

based on the specific needs and requirements of the software product. It emphasizes the variation in 

importance of these characteristics depending on the type and context of the software product being 

developed. 

Steps Suggested After Establishing Requirements 

Once the software product requirements are established, ISO 9126 suggests the following steps: 

1. Specify Quality Characteristics: Define and prioritize the relevant quality characteristics based 

on the software's intended use and stakeholder requirements. 

2. Define Metrics and Measurements: Establish measurable criteria and metrics for evaluating 

each quality characteristic, ensuring they align with the defined objectives and user expectations. 

 
3. Plan Quality Assurance Activities: Develop a comprehensive plan for quality assurance 

activities, including testing, verification, and validation processes to ensure adherence to quality 

standards. 

 
4. Monitor and Improve Quality: Continuously monitor software quality throughout the 

development lifecycle, identifying areas for improvement and taking corrective actions as 

necessary. 

 
5. Document and Report: Document all quality-related activities, findings, and improvements, and 

provide clear and transparent reports to stakeholders on software quality status and compliance. 

 
1. Judge the importance of each quality characteristic for the application. 

 Identify key quality characteristics (e.g., Usability, Efficiency, and Maintainability). 

 Assign importance ratings to these characteristics based on their relevance to the application. 

Importance of Quality Characteristics: 

Reliability: Critical for safety-critical systems where failure can have severe consequences. Measures 

like mean time between failures (MTBF) are essential. 

Efficiency: Important for real-time systems where timely responses are crucial. Measures such as 

response time are key indicators. 

2. Select the external quality measurements within the ISO 9126 framework relevant to the 

qualities prioritized above. 
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Determine appropriate external quality measurements that correspond to each quality 

characteristic. 

 Reliability: Measure with MTBF or similar metrics. 

 Efficiency: Measure with response time or time behavior metrics. 

 

3. Map measurements onto ratings that reflect user satisfaction. For example, the mappings 

might be as in Table 13.1. 

For response time, user satisfaction could be mapped as follows (hypothetical example): 

Excellent: Response time < 1 second 

Good: Response time 1-3 seconds 

Acceptable: Response time 3-5 seconds 

Poor: Response time > 5 seconds 

 

 

 

 

 

 

 

 

 
4. ldentify the relevant internal measurements and the intermediate products in which they 

appear. 

 Identify and track internal measurements such as cyclomatic complexity, code coverage, 

defect density, etc. 

 Relate these measurements to intermediate products like source code, test cases, and 

documentation. 

 
5. Overall assessment of product quality: To what extent is it possible to combine ratings for 

different quality characteristics into a single overall rating for the software? 

 Use weighted quality scores to assess overall product quality. 

 Focus on key quality requirements and address potential weaknesses early to avoid the need 

for an overall quality rating later. 

Based on the ISO 9126 framework and your points: 

1. Measurement Indicators Across Development Stages: 

 Early Stages: Qualitative indicators like checklists and expert judgments are used to assess 

compliance with predefined criteria. These are subjective and based on qualitative assessments. 
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 Later Stages: Objective and quantitative measurements become more prevalent as the software 

product nears completion. These measurements provide concrete data about software performance 

and quality attributes. 

2. Overall Assessment of Product Quality: 

 Combining ratings for different quality characteristics into a single overall rating for software 

is challenging due to: 

 Different measurement scales and methodologies for each quality characteristic.

 Sometimes, enhancing one quality characteristic (e.g., efficiency) may compromise 

another (e.g., portability).

 Balancing these trade-offs can be complex and context-dependent. 

3. Purpose of Quality Assessment: 

Software Development: Assessment focuses on identifying weaknesses early, guiding developers to 

meet quality requirements, and ensuring continuous improvement throughout the development lifecycle. 

Software Acquisition: Helps in evaluating software products from external suppliers based on 

predefined quality criteria. 

Independent Assessment: Aims to provide an unbiased evaluation of software quality for stakeholders 

like regulators or consumers. 

It seems like you're describing a method for evaluating and comparing software products based on their 

quality characteristics. Here's a summary and interpretation of your approach: 

 

 

 

 

 

 

 

 

 

 

 

 
The table 13.2 shows how different response times are mapped to quality scores on a scale of 0-5, with 

shorter response times receiving higher scores. A rating scale (e.g., 1-5) is used to reflect the importance 

of various quality characteristics. 
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1. Rating for User Satisfaction: 

 Products are evaluated based on mandatory quality levels that must be met. Beyond these 

mandatory levels, user satisfaction ratings in the range of 0 to 5 are assigned for other desirable 

characteristics. 

 Objective measurements of functions are used to determine different levels of user satisfaction, 

which are then mapped to numerical ratings (see Table 13.2 for an example). 

2. Importance Weighting: 

 Each quality characteristic (e.g., usability, efficiency, maintainability) is assigned an importance 

rating on a scale of 1 to 5. 

 These importance ratings reflect how critical each quality characteristic is to the overall 

evaluation of the software product. 

3. Calculation of Overall Score: 

 Weighted scores are calculated for each quality characteristic by multiplying the quality score 

by its importance weight. 

  The weighted scores for all characteristics are summed to obtain an overall score for each 

software product. 

4. Comparison and Preference Order: 

 Products are then ranked in order of preference based on their overall scores. Higher scores 

indicate products that are more likely to satisfy user requirements and preferences across the 

evaluated quality characteristics. 

This method provides a structured approach to evaluating software products based on user satisfaction 

ratings and importance weights for quality characteristics. It allows stakeholders to compare and prioritize 

products effectively based on their specific needs and preferences. 

 

 

 

 

 

 

 

 

 

 
 This table 13.3 provides a comparison of two products (A and B) based on weighted quality 

scores. 

 Each product quality (Usability, Efficiency, and Maintainability) is given an importance rating. 

 Product A and B are scored for each quality, and these scores are multiplied by the importance 

rating to obtain weighted scores. 
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 The total weighted scores are summed for each product to determine their overall ranking. 

 
It involves assessing software products by assigning quality scores to various characteristics, weighting 

these scores by their importance, and summing them to get an overall score. This approach helps to 

objectively compare products based on user satisfaction and key quality metrics. 

By assigning scores to various qualities, weighting them by their importance, and summing these to get 

an overall score, it provides a comprehensive way to compare and rank software products. This ensures 

that both essential and desirable characteristics are considered in the assessment, leading to a more 

balanced and objective evaluation. 

              PRODUCT AND PROCESS METRICS 

Users assess the quality of a software product based on its external attributes, whereas during 

development, the developers assess the product’s quality based on various internal attributes. 

The internal attributes may measure either some aspects of product or of the development process 

(called process metrics). 

1. Product Metrics: 

Purpose: Measure the characteristics of the software product being developed. 

Examples: 

Size Metrics: Such as Lines of Code (LOC) and Function Points, which quantify the size or 

complexity of the software. 

Effort Metrics: Like Person-Months (PM), which measure the effort required to develop the 

software. 

Time Metrics: Such as the duration in months or other time units needed to complete the 

development. 

 
2. Process Metrics: 

Purpose: Measure the effectiveness and efficiency of the development process itself. 

Examples: 

Review Effectiveness: Measures how thorough and effective code reviews are in finding defects. 

Defect Metrics: Average number of defects found per hour of inspection, average time taken to 

correct defects, and average number of failures detected during testing per line of code. 

Productivity Metrics: Measures the efficiency of the development team in terms of output per 

unit of effort or time. 

Quality Metrics: Such as the number of latent defects per line of code, which indicates the 

robustness of the software after development. 
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Differences: 

 Focus: Product metrics focus on the characteristics of the software being built (size, effort, 

time), while process metrics focus on how well the development process is performing 

(effectiveness, efficiency, quality). 

 Use: Product metrics are used to gauge the attributes of the final software product, aiding in 

planning, estimation, and evaluation. Process metrics help in assessing and improving the 

development process itself, aiming to enhance quality, efficiency, and productivity. 

  Application: Product metrics are typically applied during and after development phases to 

assess the product's progress and quality. Process metrics are applied throughout the 

development lifecycle to monitor and improve the development process continuously. 

By employing both types of metrics effectively, software development teams can better manage projects, 

optimize processes, and deliver high-quality software products that meet user expectations. 

PRODUCT VERSUS PROCESS QUALITY MANAGEMENT 

In software development, managing quality can be approached from two main perspectives: product 

quality management and process quality management. Here’s a breakdown of each approach and their 

key aspects: 

Product Quality Management 

Product quality management focuses on evaluating and ensuring the quality of the software product itself. 

This approach is typically more straightforward to implement and measure after the software has been 

developed. 

Aspects: 

 

1. Measurement Focus: Emphasizes metrics that assess the characteristics and attributes of the final  

 

2. Software product, such as size (LOC, function points), reliability (defects found per LOC), 

performance (response time), and usability (user satisfaction ratings). 

3. Evaluation Timing: Product quality metrics are often measured and evaluated after the software 

product has been completed or at significant milestones during development. 

4. Benefits: 

 Provides clear benchmarks for evaluating the success of the software development project. 

 Facilitates comparisons with user requirements and industry standards. 

 Helps in identifying areas for improvement in subsequent software versions or projects. 
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5. Challenges: 

 Predicting final product quality based on intermediate stages (like early code modules or 

prototypes) can be challenging. 

 Metrics may not always capture the full complexity or performance of the final integrated 

product. 

 
Process Quality Management 

Process quality management focuses on assessing and improving the quality of the development 

processes used to create the software. This approach aims to reduce errors and improve efficiency 

throughout the development lifecycle. 

Aspects: 

1. Measurement Focus: Emphasizes metrics related to the development processes themselves, 

such as defect detection rates during inspections, rework effort, productivity (e.g., lines of code 

produced per hour), and adherence to defined standards and procedures. 

2. Evaluation Timing: Process quality metrics are monitored continuously throughout the 

development lifecycle, from initial planning through to deployment and maintenance. 

3. Benefits: 

 Helps in identifying and correcting errors early in the development process, reducing the 

cost and effort of rework. 

 Facilitates continuous improvement of development practices, leading to higher overall 

quality in software products. 

 Provides insights into the effectiveness of development methodologies and practices used 

by the team. 

4. Challenges: 

 Requires consistent monitoring and analysis of metrics throughout the development lifecycle. 

 Effectiveness of process improvements may not always translate directly into improved 

product quality without careful management and integration. 

Integration and Synergy 

 While product and process quality management approaches have distinct focuses, they are 

complementary. 

 Effective software development teams often integrate both approaches to achieve optimal results. 

 

 By improving process quality, teams can enhance product quality metrics, leading to 

more reliable, efficient, and user-friendly software products. 
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use cases . . . .705 feel confident that their planning will improve a project’s outcome. Since neither party 

WebApps . . . .714 wants to do planning, it often doesn’t get done. 

feasibility . . . . .694 But failure to plan is one of the most critical mistakes a project can make . . . effective 
project 

planning is needed to resolve problems upstream [early in the project] at low cost, rather 
planning ........ 693 

software 
than downstream [late in the project] at high cost. The average project spends 80 percent 

equation . . . . . .711 of its time on rework—fixing mistakes that were made earlier in the project. 

software 
McConnell argues that every team can find the time to plan (and to adapt the plan 

scope ............ 694 
throughout the project) simply by taking a small percentage of the time that would 

have been spent on rework that occurs because planning was not conducted. 

uote: 

“Good estimating 
approaches and 
solid historical data 
offer the best hope 
that reality will win 
out over impossible 
demands.” 

Caper Jones 

1 Systematic techniques for risk analysis are presented in Chapter 28. 

 

Planning requires you to make an initial commitment, even though it’s likely that this 

“commitment” will be proven wrong. Whenever estimates are made, you look into 

the future and accept some degree of uncertainty as a matter of course. To quote 

Frederick Brooks [Bro95]: 

. . . our techniques of estimating are poorly developed. More seriously, they reflect an 

unvoiced assumption that is quite untrue, i.e., that all will go well.  because we are 

uncertain of our estimates, software managers often lack the courteous stubbornness to 

make people wait for a good product. 

Although estimating is as much art as it is science, this important action need not be 

conducted in a haphazard manner. Useful techniques for time and effort estimation 

do exist. Process and project metrics can provide historical perspective and power- 

ful input for the generation of quantitative estimates. Past experience (of all people 

involved) can aid immeasurably as estimates are developed and reviewed. Because 

estimation lays a foundation for all other project planning actions, and project plan- 

ning provides the road map for successful software engineering, we would be ill 

advised to embark without it. 

Estimation of resources, cost, and schedule for a software engineering effort 

requires experience, access to good historical information (metrics), and the courage 

to commit to quantitative predictions when qualitative information is all that exists. 

Estimation carries inherent risk,1 and this risk leads to uncertainty. 

Project complexity has a strong effect on the uncertainty inherent in planning. 

Complexity, however, is a relative measure that is affected by familiarity with past 

effort. The first-time developer of a sophisticated e-commerce application might con- 

sider it to be exceedingly complex. However, a Web engineering team developing its 

tenth e-commerce WebApp would consider such work run-of-the-mill. A number of 

quantitative software complexity measures have been proposed [Zus97]. Such mea- 

sures are applied at the design or code level and are therefore difficult to use during 
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Project complexity, 
project size, and the 
degree of structural 
uncertainty all affect 
the reliability of 
estimates. 

uote: 

“It is the mark of 
an instructed mind 
to rest satisfied 
with the degree of 
precision that the 
nature of the sub- 
ject admits, and not 
to seek exactness 
when only an 
approximation 

of the truth is 
possible.” 

Aristotle 

The more you know, 
the better you 
estimate. Therefore, 
update your estimates 
as the project 
progresses. 

2 Size often increases due to “scope creep” that occurs when problem requirements change. In- 

creases in project size can have a geometric impact on project cost and schedule (Michael Mah, 

personal communication). 

 
software planning (before a design and code exist). However, other, more subjective 

assessments of complexity (e.g., function point complexity adjustment factors 

described in Chapter 23) can be established early in the planning process.  

Project size is another important factor that can affect the accuracy and efficacy of 

estimates. As size increases, the interdependency among various elements of the 

software grows rapidly.2 Problem decomposition, an important approach to estimat- 

ing, becomes more difficult because the refinement of problem elements may still be 

formidable. To paraphrase Murphy’s law: “What can go wrong will go wrong”—and 

if there are more things that can fail, more things will fail.  

The degree of structural uncertainty also has an effect on estimation risk. In this 

context, structure refers to the degree to which requirements have been solidified, 

the ease with which functions can be compartmentalized, and the hierarchical nature 

of the information that must be processed. 

The availability of historical information has a strong influence on estimation risk. 

By looking back, you can emulate things that worked and improve areas where 

problems arose. When comprehensive software metrics (Chapter 25) are available 

for past projects, estimates can be made with greater assurance, schedules can 

be established to avoid past difficulties, and overall risk is reduced. 

Estimation risk is measured by the degree of uncertainty in the quantitative estimates 

established for resources, cost, and schedule. If project scope is poorly understood or 

project requirements are subject to change, uncertainty and estimation risk become 

dangerously high. As a planner, you and the customer should recognize that variability 

in software requirements means instability in cost and schedule. 

However, you should not become obsessive about estimation. Modern software 

engineering approaches (e.g., evolutionary process models) take an iterative view of 

development. In such approaches, it is possible—although not always politically 

acceptable—to revisit the estimate (as more information is known) and revise it 

when the customer makes changes to requirements. 

 

The objective of software project planning is to provide a framework that enables the 

manager to make reasonable estimates of resources, cost, and schedule. In addition, 

estimates should attempt to define best-case and worst-case scenarios so that proj- 

ect outcomes can be bounded. Although there is an inherent degree of uncertainty, 

the software team embarks on a plan that has been established as a consequence of 

these tasks. Therefore, the plan must be adapted and updated as the project pro- 

ceeds. In the following sections, each of the actions associated with software project 

planning is discussed. 

26.2 THE  PROJECT   PLANNING  PROCESS  
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Project feasibility is 
important, but a 
consideration of 
business need is even 
more important. It 
does no good to build 
a high-tech system or 
product that no one 
wants. 

3 Use cases have been discussed in detail throughout Part 2 of this book. A use case is a scenario- 

based description of the user’s interaction with the software from the user’s point of view.  

 

 
Task Set for Project Planning 

1. Establish project scope. 

2. Determine feasibility. 

3. Analyze risks (Chapter 28). 

4. Define required resources. 

a. Determine required human resources. 

b. Define reusable software resources. 

c. Identify environmental resources. 

5. Estimate cost and effort. 

a. Decompose the problem. 

TASK SET 

 
b. Develop two or more estimates using size, function 

points, process tasks, or use cases. 

c. Reconcile the estimates. 

6. Develop a project schedule (Chapter 27). 

a. Establish a meaningful task set. 

b. Define a task network. 

c. Use scheduling tools to develop a time-line chart. 

d. Define schedule tracking mechanisms. 

 
 

 

 

Software scope describes the functions and features that are to be delivered to end 

users; the data that are input and output; the “content” that is presented to users as 

a consequence of using the software; and the performance, constraints, interfaces, 

and reliability that bound the system. Scope is defined using one of two techniques: 

1. A narrative description of software scope is developed after communication 

with all stakeholders. 

2. A set of use cases3 is developed by end users. 

Functions described in the statement of scope (or within the use cases) are evaluated 

and in some cases 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. Performance considerations encompass processing 

and response time requirements. Constraints identify limits placed on the software by 

external hardware, available memory, or other existing systems. 

Once scope has been identified (with the concurrence of the customer), it is rea- 

sonable to ask: “Can we build software to meet this scope? Is the project feasible?” 

All too often, software engineers rush past these questions (or are pushed past them 

by impatient managers or other stakeholders), only to become mired in a project 

that is doomed from the onset. Putnam and Myers [Put97a] address this issue when 

they write: 

[N]ot everything imaginable is feasible, not even in software, evanescent as it may appear 

to outsiders. On the contrary, software feasibility has four solid dimensions: Technology— 

Is a project technically feasible? Is it within the state of the art? Can defects be reduced to 

a level matching the application’s needs? Finance—Is it financially feasible? Can devel- 

opment be completed at a cost the software organization, its client, or the market can 
 

26.3 SOFTWARE SCOPE AND FEASIBILITY  
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afford? Time—Will the project’s time-to-market beat the competition? Resources—Does 

the organization have the resources needed to succeed? 

Putnam and Myers correctly suggest that scoping is not enough. Once scope is un- 

derstood, you must work to determine if it can be done within the dimensions just 

noted. This is a crucial, although often overlooked, part of the estimation process. 

 

The second planning task is estimation of the resources required to accomplish the 

software development effort. Figure 26.1 depicts the three major categories of soft- 

ware engineering resources—people, reusable software components, and the devel- 

opment environment (hardware and software tools). Each resource is specified with 

four characteristics: description of the resource, a statement of availability, time 

when the resource will be required, and duration of time that the resource will be 

applied. The last two characteristics can be viewed as a time window. Availability of 

the resource for a specified window must be established at the earliest practical time. 

26.4.1 Human Resources 

The planner begins by evaluating software scope and selecting the skills required to 

complete development. Both organizational position (e.g., manager, senior software 

engineer) and specialty (e.g., telecommunications, database, client-server) are 

 
 

Project 

 resources 

26.4 RES OURCES   
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Never forget that inte- 
grating a variety of 
reusable components 
can be a significant 
challenge. Worse, the 
integration problem 
resurfaces as various 
components are 
upgraded. 

4  CBSE is considered in Chapter 10. 

 
specified. For relatively small projects (a few person-months), a single individual may 

perform all software engineering tasks, consulting with specialists as required. For 

larger projects, the software team may be geographically dispersed across a number 

of different locations. Hence, the location of each human resource is specified. 

The number of people required for a software project can be determined only after 

an estimate of development effort (e.g., person-months) is made. Techniques for 

estimating effort are discussed later in this chapter. 

26.4.2 Reusable Software Resources 

Component-based software engineering (CBSE)4 emphasizes reusability—that is, the 

creation and reuse of software building blocks. Such building blocks, often called 

components, must be cataloged for easy reference, standardized for easy application, 

and validated for easy integration. Bennatan [Ben00] suggests four software 

resource categories that should be considered as planning proceeds: 

Off-the-shelf components. Existing software that can be acquired from a third 

party or from a past project. COTS (commercial off-the-shelf) components are pur- 

chased from a third party, are ready for use on the current project, and have been 

fully validated. 

Full-experience components. Existing specifications, designs, code, or test data 

developed for past projects that are similar to the software to be built for the 

current project. Members of the current software team have had full experience 

in the application area represented by these components. Therefore, modifications 

required for full-experience components will be relatively low risk. 

Partial-experience components. Existing specifications, designs, code, or test data 

developed for past projects that are related to the software to be built for the cur- 

rent project but will require substantial modification. Members of the current soft- 

ware team have only limited experience in the application area represented by 

these components. Therefore, modifications required for partial-experience com- 

ponents have a fair degree of risk. 

New components. Software components must be built by the software team 

specifically for the needs of the current project. 

Ironically, reusable software components are often neglected during planning, only 

to become a paramount concern later in the software process. It is better to specify 

software resource requirements early. In this way technical evaluation of the alter- 

natives can be conducted and timely acquisition can occur. 

26.4.3 Environmental Resources 

The environment that supports a software project, often called the software engi- 

neering environment (SEE), incorporates hardware and software. Hardware provides 
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uote: 

“In an age of 
outsourcing and 
increased 
competition, the 
ability to estimate 
more accurately . . . 
has emerged as a 
critical success 
factor for many IT 
groups.” 

Rob Thomsett 

5  Other hardware—the target environment—is the computer on which the software will execute when 

it has been released to the end user. 

 
a platform that supports the tools (software) required to produce the work products 

that are an outcome of good software engineering practice.5 Because most software 

organizations have multiple constituencies that require access to the SEE, you must 

prescribe the time window required for hardware and software and verify that these 

resources will be available. 

When a computer-based system (incorporating specialized hardware and soft- 

ware) is to be engineered, the software team may require access to hardware 

elements being developed by other engineering teams. For example, software for a 

robotic device used within a manufacturing cell may require a specific robot (e.g., a 

robotic welder) as part of the validation test step; a software project for advanced 

page layout may need a high-speed digital printing system at some point during 

development. Each hardware element must be specified as part of planning. 

 

Software cost and effort estimation will never be an exact science. Too many 

variables—human, technical, environmental, political—can affect the ultimate cost 

of software and effort applied to develop it. However, software project estimation 

can be transformed from a black art to a series of systematic steps that provide esti- 

mates with acceptable risk. To achieve reliable cost and effort estimates, a number 

of options arise: 

1. Delay estimation until late in the project (obviously, we can achieve 100 per- 

cent accurate estimates after the project is complete!). 

2. Base estimates on similar projects that have already been completed. 

3. Use relatively simple decomposition techniques to generate project cost and 

effort estimates. 

4. Use one or more empirical models for software cost and effort estimation. 

Unfortunately, the first option, however attractive, is not practical. Cost estimates 

must be provided up-front. However, you should recognize that the longer you wait, 

the more you know, and the more you know, the less likely you are to make serious 

errors in your estimates. 

The second option can work reasonably well, if the current project is quite similar 

to past efforts and other project influences (e.g., the customer, business conditions, 

the software engineering environment, deadlines) are roughly equivalent. Unfortu- 

nately, past experience has not always been a good indicator of future results.  

The remaining options are viable approaches to software project estimation. 

Ideally, the techniques noted for each option should be applied in tandem; each used 

as a cross-check for the other. Decomposition techniques take a divide-and-conquer 

26.5 SOFTWARE  PROJECT   ESTIMATION  
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uote: 

“It is very difficult 
to make a 
vigorous, plausible 
and job-risking 
defense of an 
estimate that is 
derived by no 
quantitative 
method, supported 
by little data, and 
certified chiefly by 
the hunches of the 
managers.” 

Fred Brooks 

The “size” of software 
to be built can be 
estimated using a direct 
measure, LOC, or an 
indirect measure, FP. 

 
approach to software project estimation. By decomposing a project into major func- 

tions and related software engineering activities, cost and effort estimation can be 

performed in a stepwise fashion. Empirical estimation models can be used to com- 

plement decomposition techniques and offer a potentially valuable estimation 

approach in their own right. A model is based on experience (historical data) and 

takes the form 

d = f (vi) 

where d is one of a number of estimated values (e.g., effort, cost, project duration) 

and vi are selected independent parameters (e.g., estimated LOC or FP). 

Automated estimation tools implement one or more decomposition techniques or 

empirical models and provide an attractive option for estimating. In such systems, 

the characteristics of the development organization (e.g., experience, environment) 

and the software to be developed are described. Cost and effort estimates are derived 

from these data. 

Each of the viable software cost estimation options is only as good as the histor- 

ical data used to seed the estimate. If no historical data exist, costing rests on a very 

shaky foundation. In Chapter 25, we examined the characteristics of some of the 

software metrics that provide the basis for historical estimation data. 

 

Software project estimation is a form of problem solving, and in most cases, the 

problem to be solved (i.e., developing a cost and effort estimate for a software 

project) is too complex to be considered in one piece. For this reason, you should 

decompose the problem, recharacterizing it as a set of smaller (and hopefully, more 

manageable) problems. 

In Chapter 24, the decomposition approach was discussed from two different points 

of view: decomposition of the problem and decomposition of the process. Estimation 

uses one or both forms of partitioning. But before an estimate can be made, you must 

understand the scope of the software to be built and generate an estimate of its “size.” 

26.6.1 Software Sizing 

The accuracy of a software project estimate is predicated on a number of things: 

(1) the degree to which you have properly estimated the size of the product to be built; 

(2) the ability to translate the size estimate into human effort, calendar time, and dol- 

lars (a function of the availability of reliable software metrics from past projects); 

(3) the degree to which the project plan reflects the abilities of the software team; and 

(4) the stability of product requirements and the environment that supports the soft- 

ware engineering effort. 

In this section, I consider the software sizing problem. Because a project estimate 

is only as good as the estimate of the size of the work to be accomplished, sizing 

26.6 DECOMPOS ITION   TECHNIQUES  
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represents your first major challenge as a planner. In the context of project planning, 

size refers to a quantifiable outcome of the software project. If a direct approach is 

taken, size can be measured in lines of code (LOC). If an indirect approach is chosen, 

size is represented as function points (FP). 

Putnam and Myers [Put92] suggest four different approaches to the sizing problem: 

• “Fuzzy logic” sizing. This approach uses the approximate reasoning tech- 

niques that are the cornerstone of fuzzy logic. To apply this approach, the 

planner must identify the type of application, establish its magnitude on a 

qualitative scale, and then refine the magnitude within the original range. 

• Function point sizing. The planner develops estimates of the information 

domain characteristics discussed in Chapter 23. 

• Standard component sizing. Software is composed of a number of different 

“standard components” that are generic to a particular application area. For 

example, the standard components for an information system are subsys- 

tems, modules, screens, reports, interactive programs, batch programs, files, 

LOC, and object-level instructions. The project planner estimates the number 

of occurrences of each standard component and then uses historical project 

data to estimate the delivered size per standard component. 

• Change sizing. This approach is used when a project encompasses the use of 

existing software that must be modified in some way as part of a project. The 

planner estimates the number and type (e.g., reuse, adding code, changing 

code, deleting code) of modifications that must be accomplished. 

 
Putnam and Myers suggest that the results of each of these sizing approaches be 

combined statistically to create a three-point or expected-value estimate. This is 

accomplished by developing optimistic (low), most likely, and pessimistic (high) val- 

ues for size and combining them using Equation (26.1), described in Section 26.6.2.  

 

26.6.2 Problem-Based Estimation 

In Chapter 25, lines of code and function points were described as measures from 

which productivity metrics can be computed. LOC and FP data are used in two ways 

during software project estimation: (1) as estimation variables to “size” each element 

of the software and (2) as baseline metrics collected from past projects and used in 

conjunction with estimation variables to develop cost and effort projections. 

LOC and FP estimation are distinct estimation techniques. Yet both have a num- 

ber of characteristics in common. You begin with a bounded statement of software 

scope and from this statement attempt to decompose the statement of scope into 

problem functions that can each be estimated individually. LOC or FP (the estima- 

tion variable) is then estimated for each function. Alternatively, you may choose 

another component for sizing, such as classes or objects, changes, or business 

processes affected. 
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When collecting 
productivity metrics for 
projects, be sure to 
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of project types. This 
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compute domain- 
specific averages, 
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“expected value“ 
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size? 

6  The acronym pm means person-month of effort. 

 
Baseline productivity metrics (e.g., LOC/pm or FP/pm6) are then applied to the 

appropriate estimation variable, and cost or effort for the function is derived. Func- tion 

estimates are combined to produce an overall estimate for the entire project. 

It is important to note, however, that there is often substantial scatter in produc- 

tivity metrics for an organization, making the use of a single-baseline productivity 

metric suspect. In general, LOC/pm or FP/pm averages should be computed by proj- 

ect domain. That is, projects should be grouped by team size, application area, com- 

plexity, and other relevant parameters. Local domain averages should then be 

computed. When a new project is estimated, it should first be allocated to a domain, 

and then the appropriate domain average for past productivity should be used in 

generating the estimate. 

The LOC and FP estimation techniques differ in the level of detail required for de- 

composition and the target of the partitioning. When LOC is used as the estimation 

variable, decomposition is absolutely essential and is often taken to considerable 

levels of detail. The greater the degree of partitioning, the more likely reasonably ac- 

curate estimates of LOC can be developed. 

For FP estimates, decomposition works differently. Rather than focusing on func- 

tion, each of the information domain characteristics—inputs, outputs, data files, in- 

quiries, and external interfaces—as well as the 14 complexity adjustment values 

discussed in Chapter 23 are estimated. The resultant estimates can then be used to 

derive an FP value that can be tied to past data and used to generate an estimate. 

Regardless of the estimation variable that is used, you should begin by estimat- 

ing a range of values for each function or information domain value. Using histor- 

ical data or (when all else fails) intuition, estimate an optimistic, most likely, and 

pessimistic size value for each function or count for each information domain value. 

An implicit indication of the degree of uncertainty is provided when a range of values 

is specified. 

A three-point or expected value can then be computed. The expected value for the 

estimation variable (size) S can be computed as a weighted average of the optimistic 

(sopt), most likely (sm), and pessimistic (spess) estimates. For example, 

S = 
 sopt + 4sm + spess 

6 
(26.1) 

gives heaviest credence to the “most likely” estimate and follows a beta probability 

distribution. We assume that there is a very small probability the actual size result 

will fall outside the optimistic or pessimistic values. 

Once the expected value for the estimation variable has been determined, histor- 

ical LOC or FP productivity data are applied. Are the estimates correct? The only 

reasonable answer to this question is: “You can’t be sure.” Any estimation technique, 

no matter how sophisticated, must be cross-checked with another approach. Even 

then, common sense and experience must prevail. 
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Function 

User interface and control facilities (UICF) 

Two-dimensional geometric analysis (2DGA) 

Three-dimensional geometric analysis (3DGA) 

Database management (DBM) 

Computer graphics display facilities (CGDF) 

Peripheral control function (PCF) 

Design analysis modules (DAM) 

  

 

 

 

 

 

 

 

Estimated lines of code  

 
26.6.3 An Example of LOC-Based Estimation 

As an example of LOC and FP problem-based estimation techniques, I consider a 

software package to be developed for a computer-aided design application for 

mechanical components. The software is to execute on an engineering workstation 

and must interface with various computer graphics peripherals including a mouse, 

digitizer, high-resolution color display, and laser printer. A preliminary statement of 

software scope can be developed: 

 
The mechanical CAD software will accept two- and three-dimensional geometric data 

from an engineer. The engineer will interact and control the CAD system through a user  

interface that will exhibit characteristics of good human/machine int erface design. All 

geometric data and other supporting information will be maintained in a CAD database.  

Design analysis modules will be developed to produce the required output, which will  be 

displayed on a variety of graphics devices. The software will be designed to control and 

interact with peripheral devices that include a mouse, digitizer, laser printer, and plotter. 

 

This statement of scope is preliminary—it is not bounded. Every sentence would 

have to be expanded to provide concrete detail and quantitative bounding. For 

example, before estimation can begin, the planner must determine what “character- 

istics of good human/machine interface design” means or what the size and 

sophistication of the “CAD database” are to be. 

For our purposes, assume that further refinement has occurred and that the major 

software functions listed in Figure 26.2 are identified. Following the decomposition 

technique for LOC, an estimation table (Figure 26.2) is developed. A range of LOC 

estimates is developed for each function. For example, the range of LOC estimates for 

the 3D geometric analysis function is optimistic, 4600 LOC; most likely, 6900 LOC; and 

pessimistic, 8600 LOC. Applying Equation 26.1, the expected value for the 3D 

geometric analysis function is 6800 LOC. Other estimates are derived in a similar 

 

 

Estimation 
table for the 

 LOC methods 
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Do not succumb to the 
temptation to use this 
result as your project 
estimate. You should 
derive another result 
using a different 
approach. 

7 Estimates are rounded to the nearest $1000 and person-month. Further precision is unnecessary 

and unrealistic, given the limitations of estimation accuracy.  

 
fashion. By summing vertically in the estimated LOC column, an estimate of 33,200 

lines of code is established for the CAD system. 

A review of historical data indicates that the organizational average productivity 

for systems of this type is 620 LOC/pm. Based on a burdened labor rate of $8000 per 

month, the cost per line of code is approximately $13. Based on the LOC estimate and 

the historical productivity data, the total estimated project cost is $431,000 and the 

estimated effort is 54 person-months.7 

 

SAFEHOME 
 

Estimating 

The scene: Doug Miller’s office as 

project planning begins. 

The players: Doug Miller (manager of the SafeHome 

software engineering team) and Vinod Raman, Jamie 

Lazar, and other members of the product software 

engineering team. 

The conversation: 

Doug: We need to develop an effort estimate for the 

project and then we’ve got to define a micro schedule for 

the first increment and a macro schedule for the 

remaining increments. 

Vinod (nodding): Okay, but we haven’t defined any 

increments yet. 

Doug: True, but that’s why we need to estimate. 

Jamie (frowning): You want to know how long it’s 

going to take us? 

Doug: Here’s what I need. First, we need to functionally 

decompose the SafeHome software … at a high level … 

then we’ve got to estimate the number of lines of code 

that each function will take . . . then . . . 

 
 
 

 

Jamie: Whoa! How are we supposed to do that? 

Vinod: I’ve done it on past projects. You begin with use 

cases, determine the functionality required to implement 

each, guesstimate the LOC count for each piece of the 

function. The best approach is to have everyone do it 

independently and then compare results. 

Doug: Or you can do a functional decomposition for the 

entire project. 

Jamie: But that’ll take forever and we’ve got to get 

started. 

Vinod: No . . . it can be done in a few hours . . . this 

morning, in fact. 

Doug: I agree . . . we can’t expect exactitude, just a 

ballpark idea of what the size of SafeHome will be. 

Jamie: I think we should just estimate effort . . . that’s 

all. 

Doug: We’ll do that too. Then use both estimates as a 

cross-check. 

Vinod: Let’s go do it . . . 

 
26.6.4 An Example of FP-Based Estimation 

Decomposition for FP-based estimation focuses on information domain values 

rather than software functions. Referring to the table presented in Figure 26.3, you 

would estimate inputs, outputs, inquiries, files, and external interfaces for the CAD 

software. An FP value is computed using the technique discussed in Chapter 23. For 

the purposes of this estimate, the complexity weighting factor is assumed to be 

average. Figure 26.3 presents the results of this estimate. 
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Each of the complexity weighting factors is estimated, and the value adjustment 

factor is computed as described in Chapter 23: 

 

Factor Value 

Backup and recovery 4 

Data communications 2 

Distributed processing 0 

Performance critical 4 

Existing operating environment 3 

Online data entry 4 

Input transaction over multiple screens 5 

Master files updated online 3 

Information domain values complex 5 

Internal processing complex 5 

Code designed for reuse 4 

Conversion/installation in design 3 

Multiple installations 5 

Application designed for change 5 

Value adjustment factor 1.17 

Finally, the estimated number of FP is derived: 

FPestimated = count total × [0.65 + 0.01 × o(Fi)] = 375 

The organizational average productivity for systems of this type is 6.5 FP/pm. Based 

on a burdened labor rate of $8000 per month, the cost per FP is approximately $1230. 

Based on the FP estimate and the historical productivity data, the total estimated 

project cost is $461,000 and the estimated effort is 58 person-months. 

26.6.5 Process-Based Estimation 

The most common technique for estimating a project is to base the estimate on the 

process that will be used. That is, the process is decomposed into a relatively small 

set of tasks and the effort required to accomplish each task is estimated.  

 
Est. FP 

Information domain value Opt. Likely Pess. count Weight count 

Number of external inputs 20 24 30 24 4 97 

Number of external outputs 12 15 22 16 5 78 

Number of external inquiries 16 22 28 22 5 88 

Number of internal logical files 4 4 5 4 10 42 

Number of external interface files 2 2 3 2 7 15 

Count total      320 
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If time permits, use 
finer granularity when 
specifying tasks in 
Figure 26.4. For 
example, break 
analysis into its major 
tasks and estimate 
each separately. 

8 The framework activities chosen for this project differ somewhat from the generic activities dis- 

cussed in Chapter 2. They are: customer communication (CC), planning, risk analysis, engineering, 

and construction/release. 

 

 
Process-based 

estimation 

table 

 
 
 
 
 
 
 
 
 
 
 
 

 
CC = customer communication CE = customer evaluation 

 
Like the problem-based techniques, process-based estimation begins with a 

delineation of software functions obtained from the project scope. A series of frame- 

work activities must be performed for each function. Functions and related frame- 

work activities8 may be represented as part of a table similar to the one presented in 

Figure 26.4. 

Once problem functions and process activities are melded, you estimate the effort 

(e.g., person-months) that will be required to accomplish each software process 

activity for each software function. These data constitute the central matrix of the 

table in Figure 26.4. Average labor rates (i.e., cost/unit effort) are then applied to the 

effort estimated for each process activity. It is very likely the labor rate will vary for 

each task. Senior staff are heavily involved in early framework activities and are gen- 

erally more expensive than junior staff involved in construction and release. 

Costs and effort for each function and framework activity are computed as the last 

step. If process-based estimation is performed independently of LOC or FP estima- 

tion, we now have two or three estimates for cost and effort that may be compared 

and reconciled. If both sets of estimates show reasonable agreement, there is good 

reason to believe that the estimates are reliable. If, on the other hand, the results 

of these decomposition techniques show little agreement, further investigation and 

analysis must be conducted. 

26.6.6 An Example of Process-Based Estimation 

To illustrate the use of process-based estimation, consider the CAD software intro- 

duced in Section 26.6.3. The system configuration and all software functions remain 

unchanged and are indicated by project scope. 
 

 
Activity CC Planning 

Risk 

analysis 
Engineering 

Construction 

release 
CE Totals 

Task    Analysis Design Code Test   

          

Function          

          

UICF    0.50 2.50 0.40 5.00 n/a 8.40 

2DGA    0.75 4.00 0.60 2.00 n/a 7.35 

3DGA    0.50 4.00 1.00 3.00 n/a 8.50 

CGDF    0.50 3.00 1.00 1.50 n/a 6.00 

DBM    0.50 3.00 0.75 1.50 n/a 5.75 

PCF    0.25 2.00 0.50 1.50 n/a 4.25 

DAM    0.50 2.00 0.50 2.00 n/a 5.00 
          

          

Totals 0.25 0.25 0.25 3.50 20.50 4.50 16.50  46.00 
          

% effort 1% 1% 1% 8% 45% 10% 36%   
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9 Recent work in the derivation of use-case points [Cle06] may ultimately lead to a workable 

estimation approach using use cases. 

 
Referring to the completed process-based table shown in Figure 26.4, estimates 

of effort (in person-months) for each software engineering activity are provided for 

each CAD software function (abbreviated for brevity). The engineering and con- 

struction release activities are subdivided into the major software engineering tasks 

shown. Gross estimates of effort are provided for customer communication, plan- 

ning, and risk analysis. These are noted in the total row at the bottom of the table. 

Horizontal and vertical totals provide an indication of estimated effort required for 

analysis, design, code, and test. It should be noted that 53 percent of all effort is ex- 

pended on front-end engineering tasks (requirements analysis and design), indicat- 

ing the relative importance of this work. 

Based on an average burdened labor rate of $8000 per month, the total estimated 

project cost is $368,000 and the estimated effort is 46 person-months. If desired, 

labor rates could be associated with each framework activity or software engineer- 

ing task and computed separately. 

26.6.7 Estimation with Use Cases 

As I have noted throughout Part 2 of this book, use cases provide a software team 

with insight into software scope and requirements. However, developing an estima- 

tion approach with use cases is problematic for the following reasons [Smi99]:  

• Use cases are described using many different formats and styles—there is no 

standard form. 

• Use cases represent an external view (the user’s view) of the software and 

can therefore be written at many different levels of abstraction. 

• Use cases do not address the complexity of the functions and features that 

are described. 

• Use cases can describe complex behavior (e.g., interactions) that involve 

many functions and features. 

Unlike an LOC or a function point, one person’s “use case” may require months of 

effort while another person’s use case may be implemented in a day or two. 

Although a number of investigators have considered use cases as an estimation 

input, no proven estimation method has emerged to date.9 Smith [Smi99] suggests 

that use cases can be used for estimation, but only if they are considered within the 

context of the “structural hierarchy” that they are used to describe.  

Smith argues that any level of this structural hierarchy can be described by no 

more than 10 use cases. Each of these use cases would encompass no more than 30 

distinct scenarios. Obviously, use cases that describe a large system are written at a 

much higher level of abstraction (and represent considerably more development 

effort) than use cases that are written to describe a single subsystem. Therefore, 
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10 It is important to note that Expression (26.2) is used for illustrative purposes only. Like all estima - 

tion models, it must be validated locally before it can be used with confidence. 

 
before use cases can be used for estimation, the level within the structural hierarchy 

is established, the average length (in pages) of each use case is determined, the type 

of software (e.g., real-time, business, engineering/scientific, WebApp, embedded) is 

defined, and a rough architecture for the system is considered. Once these charac- 

teristics are established, empirical data may be used to establish the estimated num- 

ber of LOC or FP per use case (for each level of the hierarchy). Historical data are then 

used to compute the effort required to develop the system. 

To illustrate how this computation might be made, consider the following 

relationship:10 

LOC estimate = N × LOCavg + [(Sa/Sh – 1) + (Pa/Ph — 1)] × LOCadjust (26.2) 

where 

N = actual number of use cases 

LOCavg = historical average LOC per use case for this type of subsystem 

LOCadjust  = represents an adjustment based on n percent of LOCavg where n 

is defined locally and represents the difference between this 

project and “average” projects 

Sa = actual scenarios per use case 

Sh = average scenarios per use case for this type of subsystem 

Pa = actual pages per use case 

Ph = average pages per use case for this type of subsystem 

 
Expression (26.2) could be used to develop a rough estimate of the number of LOC 

based on the actual number of use cases adjusted by the number of scenarios and 

the page length of the use cases. The adjustment represents up to n percent of the 

historical average LOC per use case. 

 

26.6.8 An Example of Use-Case–Based Estimation 

The CAD software introduced in Section 26.6.3 is composed of three subsystem 

groups: user interface subsystem (includes UICF), engineering subsystem group 

(includes the 2DGA, 3DGA, and DAM subsystems), and infrastructure subsystem 

group (includes CGDF and PCF subsystems). Six use cases describe the user interface 

subsystem. Each use case is described by no more than 10 scenarios and has an 

average length of six pages. The engineering subsystem group is described by 10 use 

cases (these are considered to be at a higher level of the structural hierarchy). Each 

of these use cases has no more than 20 scenarios associated with it and has an 

average length of eight pages. Finally, the infrastructure subsystem group is described 

by five use cases with an average of only six scenarios and an average length of 

five pages. 
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uote: 

“Complicated 
methods might not 
yield a more 
accurate estimate, 
particularly when 
developers can 
incorporate their 
own intuition into 
the estimate.” 

Philip Johnson 
et al. 

 

 
Use-case 

estimation 
us e cases scenarios pages  LOC estimate 

User interface subsystem 6 10 6  3,366 
Engineering subsystem group 10 20 8  31,233 
Infrastructure subsystem group 5 6 5  7,970 

      

Total LOC estimate     42,568 

 
 
 

 

Using the relationship noted in Expression (26.2) with n = 30 percent, the table 

shown in Figure 26.5 is developed. Considering the first row of the table, historical data 

indicate that UI software requires an average of 800 LOC per use case when the use case 

has no more than 12 scenarios and is described in less than five pages. These data 

conform reasonably well for the CAD system. Hence the LOC estimate for the user 

interface subsystem is computed using expression (26.2). Using the same approach, 

estimates are made for both the engineering and infrastructure subsystem groups. 

Figure 26.5 summarizes the estimates and indicates that the overall size of the CAD 

is estimated at 42,500 LOC. 

Using 620 LOC/pm as the average productivity for systems of this type and 

a burdened labor rate of $8000 per month, the cost per line of code is approxi- 

mately $13. Based on the use-case estimate and the historical productivity data, the total 

estimated project cost is $552,000 and the estimated effort is 68 person- months. 

26.6.9 Reconciling Estimates 

The estimation techniques discussed in the preceding sections result in multiple 

estimates that must be reconciled to produce a single estimate of effort, project 

duration, or cost. To illustrate this reconciliation procedure, I again consider the CAD 

software introduced in Section 26.6.3. 

The total estimated effort for the CAD software ranges from a low of 46 person- 

months (derived using a process-based estimation approach) to a high of 68 person- 

months (derived with use-case estimation). The average estimate (using all four 

approaches) is 56 person-months. The variation from the average estimate is approxi- 

mately 18 percent on the low side and 21 percent on the high side. 

What happens when agreement between estimates is poor? The answer to this 

question requires a reevaluation of information used to make the estimates. Widely 

divergent estimates can often be traced to one of two causes: (1) the scope of the project 

is not adequately understood or has been misinterpreted by the planner, or 

(2) productivity data used for problem-based estimation techniques is inappropriate 

for the application, obsolete (in that it no longer accurately reflects the software 

engineering organization), or has been misapplied. You should determine the cause 

of divergence and then reconcile the estimates. 

 

scenarios pages LOC 
12 5 560 
16 8 3100 
10 6 1650 
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An estimation model 
reflects the population 
of projects from which 
it has been derived. 
Therefore, the model is 
domain sensitive. 

11 An empirical model using use cases as the independent variable is suggested in Section 26.6.6.  

However, relatively few have appeared in the literature to date.  

 

INFO 

Automated Estimation Techniques for Software Projects 

Automated estimation tools allow the planner 

to estimate cost and effort and to perform 

what-if analyses for important project variables 

such as delivery date or staffing. Although many 

automated estimation tools exist (see sidebar later in this 

chapter), all exhibit the same general characteristics and 

all perform the following six generic functions [Jon96]: 

1. Sizing of project deliverables. The “size” of one or 

more software work products is estimated. Work 

products include the external representation of 

software (e.g., screen, reports), the software itself 

(e.g., KLOC), functionality delivered (e.g., function 

points), and descriptive information (e.g., documents). 

2. Selecting project activities. The appropriate process 

framework is selected, and the software engineering 

task set is specified. 

3. Predicting staffing levels. The number of people who 

will be available to do the work is specified. Because 

the relationship between people available and work 

(predicted effort) is highly nonlinear, this is an 

important input. 

4. Predicting software effort. Estimation tools use one 

or more models (Section 26.7) that relate the size of 

the project deliverables to the effort required to 

produce them. 

5. Predicting software cost. Given the results of step 4, 

costs can be computed by allocating labor rates to 

the project activities noted in step 2. 

6. Predicting software schedules. When effort, staffing 

level, and project activities are known, a draft 

schedule can be produced by allocating labor across 

software engineering activities based on 

recommended models for effort distribution 

discussed later in this chapter. 

When different estimation tools are applied to the same 

project data, a relatively large variation in estimated 

results can be encountered. More important, predicted 

values sometimes are significantly different than actual 

values. This reinforces the notion that the output of 

estimation tools should be used as one “data point” from 

which estimates are derived—not as the only source for 

an estimate. 

 
 
 

 

 

An estimation model for computer software uses empirically derived formulas to 

predict effort as a function of LOC or FP.11 Values for LOC or FP are estimated using 

the approach described in Sections 26.6.3 and 26.6.4. But instead of using the tables 

described in those sections, the resultant values for LOC or FP are plugged into the 

estimation model. 

The empirical data that support most estimation models are derived from a lim- 

ited sample of projects. For this reason, no estimation model is appropriate for all 

classes of software and in all development environments. Therefore, you should use 

the results obtained from such models judiciously. 

An estimation model should be calibrated to reflect local conditions. The model 

should be tested by applying data collected from completed projects, plugging the 

data into the model, and then comparing actual to predicted results. If agreement is 

poor, the model must be tuned and retested before it can be used.  

 

26.7 EMPIRICAL ES T IMAT ION MODELS  
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None of these models 
should be used without 
careful calibration to 
your environment. 

WebRef 

Detailed information on 

COCOMO II, including 

downloadable software, 

can be obtained at 

sunset.usc.edu/ 

research/ 

COCOMOII/ 

cocomo_main.html. 

 
26.7.1 The Structure of Estimation Models 

A typical estimation model is derived using regression analysis on data collected from 

past software projects. The overall structure of such models takes the form [Mat94] 

E = A + B × (ev)C (26.3) 

where A, B, and C are empirically derived constants, E is effort in person-months, and 

ev is the estimation variable (either LOC or FP). In addition to the relationship noted 

in Equation (26.3), the majority of estimation models have some form of project ad- 

justment component that enables E to be adjusted by other project characteristics 

(e.g., problem complexity, staff experience, development environment). Among the 

many LOC-oriented estimation models proposed in the literature are 

E = 5.2 × (KLOC)0.91 Walston-Felix model 

E = 5.5 + 0.73 × (KLOC)1.16 Bailey-Basili model 

E = 3.2 × (KLOC)1.05 Boehm simple model 

E = 5.288 × (KLOC)1.047 Doty model for KLOC > 9 

FP-oriented models have also been proposed. These include 

E = —91.4 + 0.355 FP Albrecht and Gaffney model 

E = —37 + 0.96 FP Kemerer model 

E = —12.88 + 0.405 FP Small project regression model 

A quick examination of these models indicates that each will yield a different result 

for the same values of LOC or FP. The implication is clear. Estimation models must 

be calibrated for local needs! 

26.7.2 The COCOMO II Model 

In his classic book on “software engineering economics,” Barry Boehm [Boe81] 

introduced a hierarchy of software estimation models bearing the name COCOMO, for 

COnstructive COst MOdel. The original COCOMO model became one of the most widely 

used and discussed software cost estimation models in the industry. It has evolved into 

a more comprehensive estimation model, called COCOMO II [Boe00]. Like its predeces- 

sor, COCOMO II is actually a hierarchy of estimation models that address the following 

areas: 

• Application composition model. Used during the early stages of software engi- 

neering, when prototyping of user interfaces, consideration of software and 

system interaction, assessment of performance, and evaluation of technology 

maturity are paramount. 

• Early design stage model. Used once requirements have been stabilized and 

basic software architecture has been established. 

• Post-architecture-stage model. Used during the construction of the software. 

Like all estimation models for software, the COCOMO II models require sizing 

information. Three different sizing options are available as part of the model 

hierarchy: object points, function points, and lines of source code. 
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? object point? 
What is an 

12 As noted earlier, these models use FP and KLOC counts for the size variable. 

Object type 
Complexity weight 

 

 
Complexity 
weighting for 
object types. 

Source: [Boe96]. 

 

 Simple Medium Difficult 

Screen 1 2 3 

Report 2 5 8 

3GL component 
  

10 

 

 
The COCOMO II application composition model uses object points and is illus- 

trated in the following paragraphs. It should be noted that other, more sophisticated 

estimation models (using FP and KLOC) are also available as part of COCOMO II. 

Like function points, the object point is an indirect software measure that is com- 

puted using counts of the number of (1) screens (at the user interface), (2) reports, 

and (3) components likely to be required to build the application. Each object in- 

stance (e.g., a screen or report) is classified into one of three complexity levels (i.e., 

simple, medium, or difficult) using criteria suggested by Boehm [Boe96]. In essence, 

complexity is a function of the number and source of the client and server data tables 

that are required to generate the screen or report and the number of views or sec- 

tions presented as part of the screen or report. 

Once complexity is determined, the number of screens, reports, and components 

are weighted according to the table illustrated in Figure 26.6. The object point count 

is then determined by multiplying the original number of object instances by the 

weighting factor in the figure and summing to obtain a total object point count. When 

component-based development or general software reuse is to be applied, the 

percent of reuse (%reuse) is estimated and the object point count is adjusted: 

NOP = (object points) × [(100 — %reuse)/100] 

where NOP is defined as new object points. 

To derive an estimate of effort based on the computed NOP value, a “productivity 

rate” must be derived. Figure 26.7 presents the productivity rate 

PROD = 
    NOP 

 
person-month 

for different levels of developer experience and development environment maturity. 

Once the productivity rate has been determined, an estimate of project effort is 

computed using 

Estimated effort = 
 NOP 

 
PROD 

In more advanced COCOMO II models,12 a variety of scale factors, cost drivers, and 

adjustment procedures are required. A complete discussion of these is beyond 
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WebRef 

Information on 

software cost 

estimation tools that 

have evolved from 

the software equation 

can be found at 

www.qsm.com. 

13 B increases slowly as “the need for integration, testing, quality assurance, documentation, and 

management skills grows” [Put92]. For small programs (KLOC = 5 to 15), B = 0.16. For programs 
greater than 70 KLOC, B = 0.39. 

 

 
 

 

 
the scope of this book. If you have further interest, see [Boe00] or visit the COCOMO II 

website. 

26.7.3 The Software Equation 

The software equation [Put92] is a dynamic multivariable model that assumes a spe- 

cific distribution of effort over the life of a software development project. The model 

has been derived from productivity data collected for over 4000 contemporary soft- 

ware projects. Based on these data, we derive an estimation model of the form 

 
E = 

 
where 

 

LOC × B0.333 

P3 
× 

 1 

t4 

 
(26.4) 

E = effort in person-months or person-years 

t = project duration in months or years 

B = “special skills factor”13 

P = “productivity parameter” that reflects: overall process maturity and man- 

agement practices, the extent to which good software engineering practices 

are used, the level of programming languages used, the state of the soft- 

ware environment, the skills and experience of the software team, and the 

complexity of the application 

Typical values might be P = 2000 for development of real-time embedded software, 

P = 10,000 for telecommunication and systems software, and P = 28,000 for business 

systems applications. The productivity parameter can be derived for local conditions 

using historical data collected from past development efforts. 

You should note that the software equation has two independent parameters: 

(1) an estimate of size (in LOC) and (2) an indication of project duration in calendar 

months or years. 

 26.7 Productivity rate for object  
  

Developer's experience/capability Very 

low 

Very 

low 

Low   

Environment maturity/capability Low   

Very 

high 

Very 

high 

PROD      

http://www.qsm.com/
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To simplify the estimation process and use a more common form for their 

estimation model, Putnam and Myers [Put92] suggest a set of equations derived from 

the software equation. Minimum development time is defined as 

tmin = 8.14 
 LOC 

 
p0.43 

in months for tmin > 6 months (26.5a) 

E = 180 Bt3 in person-months for E ≥ 20 person-months (26.5b) 

Note that t in Equation (26.5b) is represented in years. 

Using Equation (26.5) with P = 12,000 (the recommended value for scientific 

software) for the CAD software discussed earlier in this chapter, 

tmin = 8.14 × 
 33,200  

= 12.6 calendar months 
12,0000.43 

E = 180 × 0.28 × (1.05)3 = 58 person-months 

The results of the software equation correspond favorably with the estimates devel- 

oped in Section 26.6. Like the COCOMO model noted in Section 26.7.2, the software 

equation continues to evolve. Further discussion of an extended version of this 

estimation approach can be found in [Put97b]. 
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